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Chapter 1

History and Design of the Total Knee

Prosthesis
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1.1 RESECTION ARTHROPLASTY AND EARLY DESIGNS OF TOTAL

KNEE PROSTHESIS

The development of arthroplasty of the knee is characterized by the
search for acceptable interposition materials, the development of a method
of secure fixation of prosthetic components in bone, and the provision
of stability. Resection arthroplasty of the knee was first reported by
Fergusson 1  in 1861. In 1863, Verneuil 2 inserted a flap of joint capsule
between the two resected joint surfaces of the knee to prevent them from
growing together. Later, other surgeons used different substances like
fat (Lexer 3 in 1917), muscle, chromatized pig’s bladder (Baer 4 in 1918), a
combination of fat and fascia lata (Murphy 5 in 1913, Putti 6 in 1921 and
Albee 7 in 1928), cellophane (Sampson 8 in 1949), sheets of nylon (Kuhns
and Potter 9 in 1950) and skin (Brown 10 in 1958). None of these efforts
was significantly successful. During the 1920s and 1930s, Campbell
popularized the use of free fascial transplants as an interposition material
and with his method he achieved limited success in ankylosed knees
but not in arthritic joints.

The concepts upon which total joint replacement is based can be
traced to the lectures given by Gluck in 1890. He used ivory components
fixed with a mixture of colophony, pumice and plaster 11. Because of
poor metallurgy, improper fixation and frequent infection, these early
hinge replacements oftentimes failed. After the successful use of a
Vitallium mold in arthroplasty of the hip by Smith-Petersen 12, Boyd
and Campbell 13 designed a metallic mold to cover the femoral condyles
for hemiarthroplasty of the knee in 1940. This device failed. Smith-
Petersen’s efforts in 1942 with a metallic femoral mold hemiarthroplasty
of the knee were unsuccessful too. After a medullary stem was added
to the femoral mold for fixation, the Massachusetts General Hospital
design 14 achieved limited success. In 1947, Judet 15 designed the first
hinged prosthesis made of acrylic. Magnoni 16 reported the first successful
use of a hinged total knee in 1949. In the early 1950s Walldius 17, Shiers 18

and others developed hinged implants with medullary stems for fixation
to replace both joint surfaces, to provide stability and restore limb
alignment. The biomechanical incompatibility of these simple hinges
with the complex motions of the knee in combination with the negative
effects of their metal-on-metal surface contact resulted in unacceptably
high failure rates for these implants, except in sedentary people.
McKeever 19 in 1960 and MacIntosh 20 in 1966 developed designs with a
metal tibial component. None of these designs provided significant
long-term relief of pain in arthritic knees and they were all subject to
painful loosening.
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1.2 THE MODERN ERA OF KNEE ARTHROPLASTY

The 1970s marked a period of experimentation, evolution and
consolidation. The modern era of total knee arthroplasty began with
Gunston’s report in 1971 21 of his experiences with minimally constrained
total knee components. Gunston’s design incorporated the low-friction
concept and materials proven in the development of total hip arthroplasty
during the 1960s, pioneered by Charnley 22 and McKee 23. The design of
Gunston consisted of steel surfaces articulating with two high-density
polyethylene surfaces. The components were fixed in bone by
polymethylmethacrylate. Gunston attempted to duplicate in his design
the polycentric motion of the normal knee. Although the first results
were encouraging, the prosthesis failed at a later stage. It was designed
with a minimal amount of prosthetic material to reduce operative
complications and to permit arthrodesis should the arthroplasty fail. A
narrow metallic implant replaced the femoral condyle’s weight-bearing
portion and two plastic runners were cemented in the tibia, thereby
allowing minimal rotation. The rotational constraint and the small contact
area led to loosening and failure of the tibial components. The design of
Gunston was modified by Bryan and Peterson at the Mayo Clinic. They
have used it in a large series of patients with excellent results 24. Since
then, several hinged and non-hinged prostheses have been developed.

1.2.1 Hinged prostheses
A great many hinged prostheses were developed, like the Sheehan
prosthesis in 1971 25, the Attenborough  prosthesis in 1973 26, the St. Georg
prosthesis in 1976 27;28, the Guepar total knee prosthesis in 1976 29;30 and
the Stanmore knee prosthesis in 1984 31. These designs had a high rate
of patellofemoral complications, occasional breakage of the implant,
early wear and loss of fixation. Modern rotating hinge prostheses that
are still used include the Endo model, developed by Bucholz, the Blauth
hinge prosthesis 32, the rotating SROM hinged prosthesis 33, the Finn
knee 34 and the Kinematic Rotating Hinge prosthesis 35. Loss of stabilizing
structures around the knee such as in tumor resection and in revision
surgery is a specific indication for the rotating hinge prosthesis 34.

1.2.2 Meniscal bearing and rotating platform knees
In 1975, Pappas and Buechel designed a low-contact-stress (LCS) knee
to replace the tibial, femoral and patellofemoral articulation 36.
Goodfellow and O’Connor developed the Oxford Meniscal Knee
arthroplasty 37. Mobile bearing and rotating platform knee replacements
were designed to minimize wear and loosening problems. It is unclear
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if possible reduced wear and loosening will compensate for
complications and failures due to subluxation, dislocation and
polyethylene breakage 38-40. Further redesigning of this prosthesis may
be necessary before superior long-term results are noted over
conventional designs 41.

1.2.3 Total condylar type prostheses
In 1971, Freeman and Swanson  began using the Imperial College
London Hospital (ICLH) knee 42. Both cruciates were sacrificed and the
implant relied completely on component geometry and soft-tissue
balance to provide stability. Certain aspects of the technique of this
implant are still used today, like geometrically patterned resection of
condylar bone, maintenance of a large contact area to minimize
polyethylene wear and reliance on medial and lateral soft tissue for
stability. However, this implant failed because the tibial fixation peg
was too short and there was no provision to prevent medial-lateral
translation 43.

Between 1970 and 1973, three condylar design implants were
developed independently. All three designs emphasized preserving the
cruciates to ensure knee stability. Averil, Coventry, Riley, Finerman,
Upshaw and Turner generated a geometric prosthesis, made of
chromium and cobalt. The feature of the design was conforming
geometry of the femoral and tibial components to reduce stresses in the
polyethylene. The femoral components were joined together with a
narrow metal bar and the patellofemoral joint was not replaced. The
tibial component was made of polyethylene and had three small pegs
to enhance fixation. Both cruciates were preserved 44. The first geometric
knee was implanted in 1971. Several modifications were introduced,
but due to increasing incidence of fixation failure these knees were
discontinued by the late 1970s. Yamamoto 45, Seedhom 46, Townley 47,
Waugh 35 and Ewald 48 designed an anatomic knee. Different designs
were made, but due to a high incidence of failure caused by poor fixation
of the tibial component and lack of medial-lateral stability, these knees
were eventually discontinued 11. In New York, Walker, Ranawat and
Insall developed the total condylar knee 11. In 1971, the first duocondylar
knee was implanted by Ranawat and Insall 49. In 1974, Ranawat, Insall
and Walker introduced the first total condylar knee. The features of this
design are multiple radii of curvature, following more closely the
anatomical shape of the human condyles, and replacement of the
trochlear groove and patella. The load-bearing surface of the tibial and
femoral components had round-round geometry in both coronal and
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sagittal planes, with partial conformity and a central eminence to provide
mediolateral stability. Today total condylar has become a generic term
to describe a surface knee replacement that provides patellofemoral
resurfacing and has a single piece tibial component with a central stem
or keel 50.

Efthekar and Gand 51 designed and implanted a total knee with
modularity of both components. Efthekar was the first to note the
importance of metal backing, particularly for polyethylene modularity.

In 1975, the first uncemented resurfacing knee arthroplasty was
performed 52. Many uncemented designs were developed since then 53-56.
That same year Cloutier introduced metal augmentation for the tibial
baseplate to compensate for tibial bone loss 57.

Most of the knee designs used today are similar to the early total
condylar prosthesis. By the 1980s and 1990s, surgeons became aware of
the importance of attaining correct limb alignment and anatomically
balanced knee ligaments. Correct limb alignment and balanced knee
ligaments are important to properly distribute weight-bearing and other
forces on the surfaces of the implants, reduce wear, enhance kinematics
and increase range of motion. Improved instrumentation was developed
to meet these goals in a consistent manner.

The SKI prosthesis was developed in the early 1980s. The only result
described in the literature is a short-term follow-up study by Miehlke
and Keller 58. This prosthesis was used in eight different hospitals in the
Netherlands and seven hospitals in Germany. The SKI prosthesis is no
longer used.

1.3 GENERAL DESIGN CRITERIA FOR KNEE PROSTHESES

The primary indication for total knee arthroplasty is a painful joint,
secondary to rheumatoid arthritis, degenerative arthritis, traumatic
arthritis, and certain other forms of nonseptic arthropathy. Relative
contraindications are poor general health, global soft tissue deficiency
around the knee, severe osteoporosis, neuroarthropathy and vascular
insufficiency. Absolute contra-indications are recent or current joint sep-
sis and uncorrectable extensor mechanism deficiency 59.

Anatomically, the knee is classified as a diarthrodial or freely mobile
joint of the ginglymus or hinge type. Several kinematic studies have
confirmed that motion in the knee is not that of a simple hinge, but is an
extremely complex series of movements about variable axes and in three
separate planes. Flexion and extension are accomplished by both rolling
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and gliding motion between the femoral and tibial condyles. In addition
to flexion and extension, concomitant abduction and adduction and internal
and external rotation occur 60.

The stability of the knee is provided by various anatomic structures.
The shape of the articular surfaces and the dynamic action of muscles
crossing the joint are important stabilizing factors; the ligaments and
other soft tissues around the knee are the primary stabilizing factors.
Medial stability is provided by the joint capsule, the medial collateral
ligament, the medial meniscus, the cruciate ligaments and the pes
anserinus. Lateral stability is provided by the joint capsule, the iliotibial
band, the lateral collateral ligament, the lateral meniscus, the cruciate
ligaments and the popliteus. Anterior stability is provided by the anterior
cruciate ligament and the joint capsule, posterior stability is provided
by the posterior cruciate ligament and joint capsule. Rotatory stability
is provided by appropriate combinations of these structures to resist the
direction of the rotatory force applied.

The goals of total knee replacement are to obtain pain relief, restore
function and mobility and correct deformity. Knee replacement is
expected to be a durable procedure lasting at least 10 to 15 years. To
conform to these requirements, a knee prosthesis should meet the
following criteria:
1. It should allow a normal or near-normal range of motion in all three

planes of knee motion (flexion and extension, abduction and
adduction, and rotation). A normal range of motion in a knee
prosthesis should be provided by a constantly changing center of
rotation, as does the normal knee. This is best met by constructing a
femoral component that is convex in two planes and which
articulates with a tibial surface that is concave in two planes.

2. It should provide enough stability. To this end, the design should
allow preservation of the normal ligaments whenever possible and
it should provide for balancing soft tissue tension by appropriate
surgical releases.

3. It should be able to resist the loads that are applied upon the
prosthesis and its fixation. Morrison 61 calculated that the joint
surfaces of the knee are subjected to a loading force equal to three
times the body weight in level-walking and four times the body
weight in climbing stairs.

4. It should restore normal limb alignment. Long-term success of
arthroplasty is greatly dependent on restoration of the normal
alignment of the lower limb 60;62;63.
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1.3.1 Design of the femoral component
Femoral components replace the condylar surfaces. They are designed
to allow resurfacing of the patellar groove of the femur. The patellar
sulcus may be anatomically shaped with an asymmetric right and left
femoral component. In femoral components with a symmetrical sulcus
there is no difference between the right and the left component.

The present consensus is that femoral components should be made
of one of the modern high-strength metal alloys such as cobalt-
chromium. Cobalt-chromium materials appear to be better suited for
articulating surfaces than titanium alloy in its native state. Cobalt-based
alloys are quite resistant to fatigue and to cracking caused by corrosion
and they are not brittle. The advantage of cobalt-chromium on the
femoral side is the superior wear properties when articulating with
polyethylene. This arrangement of metal on plastic produces optimal
low-friction weight-bearing surfaces 60.

1.3.2 Design of the tibial component
In the past, all-polyethylene tibial components were used. It has been
demonstrated that metal-backed tibial components minimize deflection
and deformation of the polyethylene and transmit the load better to the
underlying bone 64. A short medullary stem greatly improves fixation of
the tibial components by resisting shear forces generated during the
stance phase of gait 60;64. Central tibial stems have varied from solid
rectangular shapes to cruciate keels or tapered stems with fins. These
shapes should provide better resistance to varus/valgus, compression/
distraction forces and anterior/posterior rocking forces, thereby improving
fixation. Proper sizing of the tibial component is important. A small tibial
component will not reduce the load over the entire surface of the
cancellous bone and is at greater risk of subsiding.

Ultra-high molecular weight polyethylene (UHMWPE) is the current
material of choice for use as a bearing surface in total joint replacement.
UHMWPE is a viscoelastic material that has limited flexibility under
loading conditions. There are three methods used to produce the
polyethylene in orthopedic devices. The first method is direct molding,
in which polyethylene powder is placed into the final shape of the device.
It is then heated under pressure. The surface finish of molded
components is glassy smooth. The second method is ram extrusion of
the powder into a cylindrical bar stock. The implant is then machined
from this bar stock. The third method is molding large sheets of
polyethylene. The implant can be machined from the molded sheet. The
surface finish of machined components is dull and slightly rough. The
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manufacturing techniques have not been shown to produce a signifi-
cant difference in wear characteristics 60. Devices made of UHMWPE
can function for more than fifteen years 65-67, but there is evidence that
debris from UHMWPE may limit its longer-term use 68-70. The recommen-
ded minimum height of the polyethylene in knee prostheses is 8 mm 71.

Modularity of the tibial component was developed to have the ability
to change the polyethylene at the time of revision surgery when
polyethylene failure has occurred. Isolated tibial insert exchange is a
quick, simple, safe and bone stock-preserving procedure. Modularity
allows the surgeon to construct, within limitations, customized implants
at the time of surgery and allows hospitals to reduce their inventory of
implants.

1.3.3 Design of the patellar component
In the past, metal-backed patellar components were thought to be
advantageous over all polyethylene patellar components for reducing
stresses at the prosthesis-bone interface. However, significant
complications resulting from wear and delamination were observed,
leading to early failure and subsequent knee revision 72-76. Most current
total knee designs have an all-polyethylene dome-shaped patella when
resurfacing is performed.

1.3.4 Fixation
The excellent results of cemented total knee arthroplasties in the 1970s
and 1980s using the condylar design have set the gold standard for other
types of fixation 41. Hybrid total knee replacement using a porous-coated
femoral component is preferred by some surgeons in young patients
with good bone stock. Disadvantages include increased cost of the
femoral component and necessity for precise fit of the component 77.
Porous-coated tibial components with additional screw fixation have
been problematic due to micromotion of the tibial component 76. Reports
of fretting of the screws against the tray with subsequent debris and
osteolysis has caused concern and have led to a trend back toward
cemented total knee replacement 41.

1.4 DESIGN OF THE SKI PROSTHESIS

For the Schalen-Kniegelenkprothesen system modell Interplanta (SKI,
Waldemar Link, GmbH & Co, Hamburg), three different models of the
tibial component have been in use:
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1. A tibial component with two separate all-polyethylene tibial pla-
teaus (Figure 1.1a)

2. An U-shaped tibial plateau with an inlet to spare the cruciate
ligaments (Figure 1.1b)

3. The stemmed stabilizing “Totalplateau”. (Figure 1.1c)

Figure 1.1a-c. The SKI prosthesis consists of three different designs for the tibial
component:
- Two separate all-polyethylene tibial plateaus (Figure 1.1a)
- An U-shaped tibial plateau with an inlet to spare the cruciate ligaments (Figure 1.1b)
- The Stabilizing “Totalplateau” (Figure 1.1c). This type was used at Groningen University

Hospital in all cases.
The femoral component is anatomically shaped. The back side of the femoral component
is roughened to enhance fixation of the cement. The all-polyethylene patella is dome-
shaped.

Fig. 1.1a

Fig. 1.1c

Fig. 1.1b



20

Depending on the stability of the knee, these three different models could
be used. The stemmed model was originally indicated for unstable knee
joints with absent cruciate ligaments. At Groningen University Hospital,
the stemmed model was the implant of choice in all cases, regardless of
the stability of the knee.

The polyethylene (PE) insert of the SKI prosthesis is replaceable.
The insert is fixed underneath a raised border of the metal tibial
baseplate. To prevent rotation, the PE insert is fixed to the tibial tray
with a screw on the anterior side (see Figure 1.2).

Figure 1.2. The polyethylene insert of the SKI prosthesis is fixed with a screw.

The manufacturing technique of the UHMWPE was machined from
extruded bar stock. The polyethylene was sterilized in ethylene oxide
(ETO). The PE insert was available with a thickness of  7, 9, 11 and 13
mm. The SKI prosthesis has an anatomically shaped right and left
femoral component. The femoral component is made of cobalt-
chromium, with a roughened backside to enhance fixation of the cement
(see Figure 1.1a). The tibial and femoral components were available in
four different sizes (see Table 1.1). The patella of the SKI prosthesis is
all-polyethylene and dome-shaped (see Figure 1.1b).

The femoral and tibial components of the SKI prosthesis were placed
with the use of an external guidance instrument (see Figure 1.3a-b). The
femoral component was mainly prepared with chisels.
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Figure 1.3a-b. The femoral component (Figure 1.3a) and the tibial component (Figure
1.3b) of the SKI prosthesis were placed with the use of an external guidance instrument.

Fig. 1.3a Fig. 1.3b

Table 1.1. Sizes of the femoral and tibial component available for the SKI prosthesis.

Size Anteroposterior size (mm) Mediolateral size (mm)

Femoral component

I 54 55
II 60 62
III 66 69
IV 74 76

Tibial component

I 35 56
II 40 62
III 45 68
IV 50 74
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1.5 THE OPERATION PROCEDURE AT GRONINGEN UNIVERSITY

HOSPITAL

The stemmed model of the SKI prosthesis was used in all cases. A
tourniquet was used in all cases. Antibiotic prophylaxis was given to all
patients in the form of Velosef for 48 hours perioperatively. A lateral
approach with a medial parapatellar arthrotomy according to Payr was
used. If possible, the posterior cruciate ligament was retained, as
recommended by Insall in 1986 78. It has been suggested that retention
of the PCL improves the kinematics of the joint, imposing a femoral
rollback and increasing the patella moment arm. This subsequently
provides improved function with stair-walking and arising from a seated
position 79.

All components, i.e. the femoral, tibial and patellar components were
fixed with cement. The patella was replaced in all cases. At the end of
the operation, two deep and one superficial drain were left.
Postoperatively a bandage was given for 48 hours. Patients were
mobilized with walking aids from the fifth postoperative day. They were
discharged from the hospital when they could flex the operated knee
more than 90 degrees. No continuous passive motion (CPM) was used
at that time. Patients under the age of 80 received oral anticoagulants
for three months postoperatively to prevent thromboembolic
complications. Sodium heparin was given subcutaneously from the day
of operation until the level of anticoagulation by oral medication was
sufficient.

1.6 LOCKING OF THE SCREW

Because of loosening of the locking screw of the SKI prosthesis in the
original design, a method to lock the screw was developed. A pin was
inserted through the head of the screw through a drill hole in the anterior
side of the PE insert (Figure 1.4 b). This pin was buckled through a drill
hole at the top of the PE insert (Figure 1.4c-d).
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Figure 1.4a-d. Locking procedure of the screw. The screw of the SKI prosthesis is inserted
in the screwhole of the tibial insert and fixed to the tibial baseplate (Figure 1.4a). A pin is
inserted through the screw by a drill hole in the anterior side of the PE insert (Figure
1.4b). This pin is buckled by a punch through a drill hole at the top of the PE insert
(Figure 1.4c-d).

Fig. 1.4a

Fig. 1.4dFig. 1.4c

Fig. 1.4bFig. 1.4bFig. 1.4a

Fig. 1.4c Fig. 1.4d
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Chapter 2

Study Population and Aims of the Study
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2.1 STUDY POPULATION

In the period between January 1982 and July 1991, 345 SKI-type cemented
knee prostheses were implanted at Groningen University Hospital. In
three cases a separate tibial plateau was used, and in one case a revision
of a unicondylar prosthesis was performed. These cases were excluded
from the analysis, leaving 341 primary SKI prostheses (255 patients)
available for analysis. Each year a mean of 36 SKI prostheses was
implanted, varying from 29 in 1982 to 46 in 1984. In the first six months
of 1991, only 9 SKI prostheses were implanted (see Figure 2.1).

All implantations of the SKI knee prosthesis were performed by
four different consultants or under direct supervision of the consultant
by three different registrars. The consultants performed 310 operations
and the registrars 31. The number of operations each surgeon performed
ranged from 2 to 93.

The size of the prostheses used is listed in Appendix 1. Size 1 was
not used, size 3 (206 knees) and size 4 (109 knees) were mostly used. In
seven cases the size of the prosthesis was not known. At the time of
implantation of the SKI prosthesis there used to be no overall registration
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Figure 2.1. Number of TKAs implanted each year between January 1982 and July 1991.
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of the implants used, so it was not possible to find out the size of the
prosthesis used in those cases. At that time, bone was resected as
minimally as possible in order to allow performing an arthrodesis if the
prosthesis failed. For this reason, insert sizes 7 (273 knees) and 9 (44
knees) were mostly used. Overall, size 3 x 7 (171 knees) and 4 x 7 (89
knees) were mostly used.

All patient characteristics are listed in Appendix 2. There were 194
women (261 knees) and 61 men (80 knees). The right knee was involved
in 179 cases, the left knee in 162. The primary diagnosis can be divided
into three major groups: rheumatoid arthritis (135 patients, 201 knees),
degenerative arthritis (94 patients, 112 knees) and other diagnoses (26
patients, 28 knees). The ‘other diagnoses’ consist of posttraumatic
arthritis (14 patients, 14 knees), hemophilia (four patients, five knees),
psoriatic arthritis (three patients, four knees), Gaucher disease (two
patients, two knees), Osteochondritis Dissecans (one knee), aneurysmatic
bone cyst (one knee), and one knee was affected by osteomyelitis in the
past. The mean age at the time of surgery was 64.3 years ± 13.2 (range
20-87). Male patients were younger than female patients on average.
The mean age of patients with degenerative arthritis at the time of
surgery was higher compared to patients with rheumatoid arthritis and
other diagnoses. The mean body weight of the patients was 71.2 kg ±
11.9 (range 36-102). Male patients were heavier compared to female
patients, and patients with degenerative arthritis and other diagnoses
were heavier compared to patients with rheumatoid arthritis on average.

To find out what had happened to all the patients with a SKI-type
knee prosthesis implanted between 1982 and 1991 (Ti), two large follow-
up studies were done. The first study was carried out from January
1996 to November 1997 (Tp), the second study from July 1999 to July
2001 (Tc). To analyze the results, the population was divided into different
groups (see Figure 2.2). A total of 255 patients underwent 341 total knee
arthroplasties (Group I) at Ti. At Tp, 146 patients with 194 prostheses
were seen by observer 1 (Group II). Three of these patients (3 knees)
had had an exchange of the polyethylene insert. At Tc, 79 patients with
97 prostheses were seen by observer 2 (Group III). Twenty of these
patients (22 knees) had had an exchange of the polyethylene insert
(Group IV). Group II-a represents the patients seen at Tp by observer 1,
but not at Tc by observer 2 (97 knees). The fate of the knee prosthesis in
3 patients (4 knees) at Tp and in another 11 patients (14 knees) at Tc was
not known. These patients were considered lost to follow-up.
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2.2 AIMS OF THE STUDY

The goals of total knee replacement are to obtain pain relief and to restore
function and mobility. Total knee replacement is expected to be a durable
procedure lasting at least 10 to 15 years. Demographic changes are likely
to increase the demand for total knee replacement by 40% over the next
30 years 80. Therefore, evaluation of the clinical performance and long-
term survival of former designs are of the utmost importance to the
development of future designs. The SKI knee prosthesis was used in
the period between January 1982 and July 1991 at Groningen University
Hospital. The long-term results of the SKI prosthesis were studied in
two large follow-up studies with a mean follow-up of 9.8 years ± 2.6
(range 5.1-15.5) and 14.0 years ± 2.6 (range 9.2-18.7).

In this study we aimed at finding answers to the following questions:

1. What is the long-term survival and clinical performance of the SKI
prosthesis, and which factors influence the clinical performance?
(see sections 3.3.1, 3.3.2 and Chapter 4)

Figure 2.2. Number of knees (patients) in different patient groups and fate of all SKI knee
prostheses implanted at Groningen University Hospital.

341 primary SKI
prostheses (255)

191 primary knees in situ (143)
3 PE exchange (3)

75 primary knees in situ (59)
22 PE exchange (20)

12 Revision
5 Arthrodesis
2 Amputation
1 Paraplegia
3 Mentally ill
120 Died
4 Lost to follow-up

1 PE exchange, loose
14 Revision
1 Arthrodesis
2 Amputation
11 Mentally ill
54 Died
14 Lost to follow-up

194 knees available for follow-up (146): 97 knees available for follow-up (79):

97 knees lost / revised / not available:

147 knees lost / revised / not available:

Group I Group II Group III

Group II-a

Ti Tp Tc

Group IV
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2. What complications occurred, which factors contributed to these
complications, and to what extent did they influence long-term
survival? (see sections 3.3.4 to 3.3.10)

The polyethylene insert of the SKI prosthesis is fixed with a screw. In
case of wear, the PE insert can be exchanged without having to sacrifice
the fixation of the tibial component. One of the main problems of the
SKI prosthesis was loosening of the locking screw of the polyethylene
insert. The main reason to start these follow-up studies was to find an
answer to the following questions:

3. In how many knees was loosening of the locking screw of the PE
insert seen? Which patients had screw loosening and what were the
consequences of screw loosening? (see sections 3.3.8 and 7.4.1.14 to
7.4.1.16)

After isolated exchange of the polyethylene insert, the prosthesis should
stay well-fixed in the bone to preserve a pain-free, mobile and stable
joint allowing full weight-bearing. However, some studies showed high
rates of failure after isolated PE exchange 117;118. We tried to find answers
to the following question:

4. How is the survival and the clinical performance after revision of
the polyethylene insert? (see sections 3.3.3 and 4.3.8)

Wear of a polyethylene surface is a multifactorial process 63;85;86.
Malalignment, increased body weight, increased activity level, poor
quality of the polyethylene and probably other factors may increase wear,
and wear may induce loosening of the knee prosthesis 87-90. The potential
for generation of polyethylene debris at the articular surface is sub-
stantially higher in the prosthetic knee than in the prosthetic hip. Surface
incongruity, point-loading of the polyethylene and the likelihood of
third-body wear from debris in the joint are responsible for this 60;71. In
recent years, researchers have observed wear on the backside of retrieved
polyethylene inserts of modular knee prostheses (91;92). Most studies
on polyethylene wear in total knee arthroplasty are retrieval analyses 93-96.
There is little information about in vivo wear measurement, due to
practical issues related to the patient’s positioning and reproduction of
the X-ray beam projection 97. Therefore we tried to answer the following
questions:
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5. Is it possible to determine the amount of wear in vivo? (see sections
5.2 to 5.3)

6. What are the wear characteristics, and which factors contribute to
this phenomenon the most in the SKI prosthesis? (see sections 3.3.9,
5.5 and Chapter 7)

Alignment of the leg can be determined on full-length leg and short
radiographs. Some studies found no significant difference between
measurements on long and short radiographs 3, but other studies found
significant differences 173;188;189. To study the influence of alignment of
the leg and the prosthesis on wear and wear rate, we tried to answer the
following questions:

7. Is it possible to determine the alignment of the leg on a short
radiograph? (see section 5.4)

8. Is the knee prosthesis aligned through the real anatomical axis with
an intramedullary guidance instrument? (see section 5.4)

9. To what extent did the alignment of the leg and the prosthesis
influence wear and wear rate? (see section 5.6 to 5.7)

The polyethylene insert of the SKI prosthesis is replaceable. Problems
of accelerated implant wear with modular components were identified
in 1992 by Engh et al. 81. The biological response that is elicited in the
surrounding tissue by particles of polyethylene can cause endosteal bone
resorption and deterioration of the bone-implant interface 82;83. Osteolysis
was not reported as a clinical problem in cemented knee arthroplasty
with the first generation of one-piece tibial components. After intro-
duction of modular polyethylene inserts in the mid-1980s, failure due
to osteolysis was recognized as a clinical problem 81;84. In this study we
evaluated the presence, increase and patterns of radiolucency around
the SKI prosthesis in order to find an answer to the following questions:

10. What are the radiographic long-term results of the SKI prosthesis,
and how do they relate to the clinical performance? (see Chapter 6)
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Chapter 3

Survival and Complications
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3.1 INTRODUCTION

Total knee replacement is expected to be a durable procedure with as
few complications as possible. To learn from designs used in the past,
all revisions, causes for revision and complications should be analyzed.
To study the long-term results of the SKI prosthesis, all revisions and
complications of the SKI prostheses implanted at Groningen University
Hospital were studied. The number of revisions, the revision time and
the causes for revision were analyzed retrospectively (see section 3.3.1).
To determine the long-term survival of the SKI prosthesis, a survival
analysis with three different endpoints was performed (failure due to
mechanical problems, failure due to mechanical problems and infection,
and failure due to mechanical problems, infection and PE exchange as
endpoints) (see section 3.3.2).

After isolated exchange of the PE insert, the prosthesis is expected
to be well-fixed for a longer period of time. However, in some studies
the benefit of isolated exchange of the PE insert is questioned because
of high rates of failure shortly after the exchange 117; 118. We performed a
survival analysis of the SKI prosthesis after exchange of the polyethylene
insert with two different endpoints (failure due to loosening and
infection of the prosthesis, and failure due to loosening, infection and
re-exchange of the PE as endpoints) (see section 3.3.3).

All complications after total knee replacement with the SKI
prosthesis that were related or unrelated to the knee or knee prosthesis
will be described in sections 3.3.4.1 and 3.3.4.2. Of the complications
related to the knee or prostheses, the following complications will be
described in more detail:

1. A much-feared complication in prosthetic replacement surgery is
deep infection. The factors that might contribute to the development
of wound problems and deep infection were analyzed (see sections
3.3.5 and 3.3.6).

2. Sometimes a knee has a small range of motion after total knee
replacement and needs to be manipulated under anesthesia. The
factors that may influence the need for manipulation were analyzed,
and the range of motion at follow-up between knees that had
undergone a manipulation and knees that had not were compared
(see section 3.3.7).

3. One of the complications of the SKI prosthesis was loosening of the
screw that locked the polyethylene insert on the tibial baseplate. The
incidence of screw-loosening in all patients with a SKI prosthesis
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was determined. The characteristics of the patients with screw
loosening were also analyzed (see section 3.3.8).

4. Different factors that may contribute to wear and aseptic loosening
of the prosthesis were analyzed (see sections 3.3.9 and 3.3.10).

3.2 MATERIAL AND METHODS

3.2.1 Patients
We retrospectively analyzed all patient records on 341 knees (255
patients) with a SKI prosthesis operated at Groningen University
Hospital. All patient characteristics are listed in Appendix 2. A
questionnaire was sent to the general practitioner of every patient that
was mentally ill or had died, asking for any problems or revisions at
any other hospital. Fourteen patients (18 knees) were lost to follow-up
in the survival analysis.

Analysis of the factors that might contribute to delayed wound
healing or superficial infection and manipulation was performed in the
total population of 341 knees. Analysis of the factors that might
contribute to deep infection was performed in the population of patients
with rheumatoid arthritis and degenerative arthritis (n=313), because
none of the patients with other diagnoses developed a deep infection.
Analysis of the factors that might contribute to screw loosening, wear
and aseptic loosening was performed in a population of 214 knees (163
patients). The analysis was performed in this group of patients because
information was missing in 127 knees (92 patients) at Tp due to the
following reasons:
- 87 patients (120 knees) had died
- in one patient both legs were amputated
- one patient became paraplegic (one knee)
- three patients (four knees) were lost to follow-up

3.2.2 Revisions and survival analysis
The use of actuarial methods to construct life tables enables both the
annual and overall failure rates to be determined for a group of patients
with varying periods of follow-up. Monitoring starts at the time of
operation and ends at a chosen point, for example the date of removal
of the prosthesis. The method to analyze survivorship was described
by Dobbs in 1980 98. This method assumes that patients who are lost to
follow-up are no more or less likely to be at risk of failure of an operation
than are patients who are still being followed. Dorey et al. 99 showed
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that survivorship analysis is a valid technique to use in the long-term
evaluation of patients who have had a joint replacement. We performed
five different survival analyses of the SKI prosthesis:
1. Survival with revision or clinical and/or radiographic signs of

loosening of the prosthesis due only to mechanical problems as an
endpoint.

2. Survival with revision, clinical and/or radiographic signs of
loosening due to mechanical problems and infection of the prosthesis
as an endpoint.

3. Survival with revision, clinical and/or radiographic signs of
loosening due to mechanical problems, infection and exchange of
the PE insert as an endpoint.

4. Survival after PE exchange with revision, clinical and/or radio-
graphic signs of loosening and infection of the prosthesis as an end-
point.

5. Survival after PE exchange with revision, clinical and/or radio-
graphic signs of loosening, infection of the prosthesis and
re-exchange of the PE insert as an endpoint.

3.2.3 Complications
All events that caused a new intervention, a longer or a new stay at the
hospital, and the events that may have caused deterioration in
functioning of the knee were considered complications. The complications
not related to the prosthesis and complications related to the knee or
prosthesis will be described separately.

Of all complications related to the knee or prosthesis, we analyzed
the factors that may influence the development of wound problems and
deep infection, manipulation of the knee under anesthesia, screw
loosening, wear and aseptic loosening.

Wound problems and deep infection: Several factors that might increase
the risk of wound problems and deep infection have been described
(100). In this study we considered the factors that may contribute to the
development of wound problems (prolonged drainage for more than
two weeks or superficial infection) and deep infection:
- the primary diagnosis
- sex
- age at the time of surgery
- diabetes mellitus
- obesity (Body Mass Index > 30)
- previous surgery
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- ulcerations of the legs in history
- use of steroids perioperatively
- other risk factors (a previous history of septic arthritis of the knee,

splenectomy, Reflex Sympathetic Dystrophy, liver dysfunction,
kidney dysfunction and the use of immunosuppressive drugs)

- delayed wound healing (only for deep infection)

Manipulation under anesthesia: After total knee replacement, most
patients can flex the knee more than 90 degrees within one or two weeks
postoperatively. If the range of motion is not sufficient, the surgeon may
decide to manipulate the knee under anesthesia. We considered the
factors that may contribute to a small range of motion necessitating
manipulation under anesthesia:
- the primary diagnosis
- sex
- body weight
- age at the time of surgery
- previous surgery
- flexion of the knee preoperatively
- extension of the knee preoperatively

Screw loosening: The polyethylene insert of the SKI prosthesis is fixed
with a screw to the tibial baseplate. This screw may loosen in the course
of time. We determined the incidence of screw loosening, and considered
the factors that may contribute to it:
- the primary diagnosis
- sex
- body weight
- age at the time of surgery
- activity level*
- previous surgery
- PE thickness
- time of follow-up

Wear: A prosthesis with wear was defined as a prosthesis that was
revised or needed a revision because of wear, a prosthesis that had had
or needed an exchange of the polyethylene insert, and a prosthesis with
a loss in height of the PE insert of > 2 mm in the weight-bearing area
radiographically. The method to determine the amount of wear
radiographically will be described in Chapter 5. The limit was set at 2
mm, because this means a full thickness wear of the thinnest available
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insert. A loss in height of less than 2 mm might be caused by creep or
surface deformation and not necessarily by wear 101;102. Wear of a
polyethylene surface is a multifactorial process 63;85;86. We considered
the factors that may contribute to wear:
- the primary diagnosis
- sex
- body weight
- age at the time of surgery
- activity level*
- previous surgery
- PE thickness
- time of follow-up
- screw loosening

In Chapter 5 the influence of the alignment of the prosthesis and the leg
on wear will be described.

Aseptic loosening: Aseptic loosening of a prosthesis was defined as a
prosthesis with clinical and/or radiographic signs of loosening without
clinical signs of infection. Many factors that may contribute to aseptic
loosening of a prosthesis are described 88;103;104. We considered the
following factors:
- the primary diagnosis
- sex
- body weight
- age at the time of surgery
- activity level *
- previous surgery
- PE thickness
- time of follow-up
- screw loosening
- wear

* To determine the activity level of the patients we used the Function Score of the American Knee
Society Score (see Appendix 3 and Chapter 4). The Function Score ranges from 0 to 100 points. A
patient with a Function Score of 100 points has an unlimited walking capacity, is able to climb stairs
up and down normally, and uses no walking aids.
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3.2.4 Statistical analysis
To analyze all factors that might influence the development of wound
problems and deep infection, manipulation of the knee postoperatively,
screw loosening, wear and aseptic loosening, a logistic regression
analysis at knee level was performed. Regression coefficients (B),
standard error (se) and p-value will be presented in the tables. The odds
ratio can be calculated with the formula eB. A factor was considered
significant if the p-value <0.05. Data were extracted from 341 knees in
255 patients. Knees are nested within patients, therefore a multilevel
analysis was performed too 105;106. The results of the multilevel analysis
are presented in Appendix 4.

3.3 RESULTS

3.3.1 Revisions
At Tc, 30 prostheses (8.8%) were removed due to mechanical problems
or infection and three prostheses (0.9%) had clinical signs of loosening.
These three knees were revised within three months after examination
and were considered revisions due to aseptic loosening upon further
analysis.

Of the 33 knees with mechanical problems or infection, a revision of
the prosthesis was performed in 26 cases, an arthrodesis was performed
in six cases and in one case an amputation of the leg was done.

Of the 26 revisions of the prosthesis, 19 revisions were done because
of aseptic loosening, one revision was done due to a severe valgus
instability after a trauma, one revision was done due to wear of the
metal parts without loosening of the prosthesis, and in one case the
reason for revision could not be traced. In four cases a 2-stage revision
was performed due to infection. Of the six arthrodeses, five were
performed due to infection. In one case an arthrodesis was performed
because of an irreducible dislocation of the prosthesis. The amputation
was performed because of extensive infection of the prosthesis.

An exchange of the polyethylene insert was performed in 27 cases
(7.9%). One of these knees had radiographic signs of loosening. Because
of patient morbidity, the surgeon decided to change the insert only. This
prosthesis is recorded as an aseptic loosening of the prosthesis in further
analysis (see Table 3.1).
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3.3.2 Survival analysis
In the survival analysis the endpoint of 20 knees was aseptic loosening
(19 total revisions and one PE exchange in a prosthesis with clinical and
radiographic signs of loosening), the endpoint of 10 knees was infection
(five arthrodeses, four two-stage revisions and one amputation), the
endpoint of two knees was instability (one total revision and one
arthrodesis), the endpoint of one knee was wear of the metal parts without
loosening, and in one case the reason for revision was unknown.

The mean time from the insertion of the prosthesis to removal due
to mechanical problems or infection (n=33) or aseptic loosening without
removal of the prosthesis (n=1) was 8.8 years (range 0.5 to 17.9 years).
Aseptic loosening (n=20) was seen after a mean period of 11.1 years
(range 2.2 to 17.9). Infections leading to revision, arthrodesis or
amputation (n=10) occurred after a mean period of 5.4 years (range 0.5
to 13.6 years). The two knees with instability were revised at 6.0 and 8.9
years after insertion. The mean time from the insertion of the prosthesis
to exchange of the polyethylene (n=26) was 11.8 years (range 6.2 to 17.8
years) (see Table 3.2 and Figure 3.1).

Table 3.1. Number of revisions and polyethylene insert exchanges and reasons for revision.

Removal of the prosthesis n % Knees

Total revision:
Total revision due to aseptic loosening 19 5.6
2-stage revision due to infection 4 1.2
Total revision due to (valgus) instability 1 0.3
Total revision due to wear 1 0.3
Total revision, reason unknown 1 0.3

      (Subtotal) (26)

Arthrodesis:
Arthrodesis due to infection 5 1.5
Arthrodesis due to instability (dislocation) 1 0.3

      (Subtotal) (6)

Amputation:
Amputation due to infection 1 0.3

      (Subtotal) (1)

Total removal of prostheses 33 9.7

Change of the polyethylene insert n % Knees

Prosthesis fixed 26 7.6
Prosthesis with signs of loosening* 1 0.3

Total changes of polyethylene inserts 27 7.9

* This prosthesis had radiographic signs of loosening, but was not totally revised because of patient
morbidity. This prosthesis was considered loose in further analysis
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Figure 3.1. Cumulative number of knees versus time from implantation to polyethylene exchange or
removal of the prosthesis due to aseptic loosening or infection.

Table 3.2. Number and mean time from insertion of the prosthesis to revision or removal of the prosthesis
and polyethylene exchange.

n % Revisions % Knees Years ± sd (range)

Revision or removal of prosthesis
Aseptic loosening 20 58.8 5.9 11.1 ± 4.5 (2.2-17.9)
Infection 10 29.4 2.9 5.4 ± 4.8 (0.5-13.6)
Instability 2 5.9 0.6 7.4 ± 2.1 (6.0-8.9)
Wear of metal parts 1 2.9 0.3 9.1
Unknown 1 2.9 0.3 1.0

Total 34 10.0 8.8 ± 5.1 (0.5-17.9)

PE exchange  26  7.6  11.8 ± 2.9 (6.2-17.8)

The cumulative survival rate of the SKI prosthesis with removal of
the prosthesis only due to mechanical problems (n=23) or aseptic
loosening without removal of the prosthesis (n=1) as an endpoint is
86.6% ± 3.2 at 19 years. The cumulative survival rate of the SKI prosthesis
with removal of the prosthesis due to mechanical problems (n=23) or
aseptic loosening without removal of the prosthesis (n=1) and infection
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(n=10) as an endpoint is 83.4% ± 3.5 at 19 years. The cumulative survival
rate of the SKI prosthesis with removal of the prosthesis due to
mechanical problems (n=23), aseptic loosening without removal of the
prosthesis (n=1), infection (n=10) and exchange of the polyethylene
(n=26) as an endpoint is 71.3% ± 4.5 at 19 years (see Figure 3.2).

3.3.3 Survival of the SKI prosthesis after exchange of the polyethylene
At Tc, 26 exchanges of the PE insert had been performed in prostheses
that were well fixed at the time of exchange. One knee with a PE
exchange was lost to follow-up. The mean time of follow-up after PE
exchange was 2.6 ± 1.6 years (range 0.1 to 5.5).

No aseptic loosening or infection was seen at Tc after exchange of
the PE insert. In one knee the PE insert was exchanged a second time

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Years postoperatively

S
u

r
v

iv
a

l
(%

)

Revisions (mechanical problems) without PE exchange

Revisions (mechanical problems and infection) without PE exchange

Revisions (mechanical problems and infection) and PE exchange

Figure 3.2. Survival curves of the SKI knee prosthesis with revision due to mechanical problems as an
endpoint, revision due to mechanical problems and infection as an endpoint, and all revisions including
PE exchange as an endpoint.
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1.9 years after the first exchange. In this case, at the time of the first
revision the prosthesis required a PE insert > 12 mm, but this size was
not available at the time of exchange. The patient continued to be
troubled by instability and therefore a second exchange was performed
with a 17-mm thick insert. This prosthesis showed no clinical or
radiographic signs of loosening 3.5 years after the second PE exchange.

The cumulative survival rate of the SKI prosthesis after PE exchange
with revision or aseptic loosening as an endpoint is 100.0% at 6 years.
The cumulative survival rate of the SKI prosthesis after PE exchange
including re-exchange of the PE insert is 96.2% ± 3.7 (see Figure 3.3).

3.3.4 Complications
Of all 341 procedures, no complications were seen in  157 procedures
(46.0%). A total of 284 complications were seen in 184 knees. In 83 cases
the complication was not related to the prosthesis, and in 201 cases the
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Figure 3.3. Survival curves of the SKI knee prosthesis after PE exchange with revision or aseptic
loosening as an endpoint and re-exchange of the PE insert as an endpoint.
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complication was related to the prosthesis or knee. Three complications
were recorded during the operation (a fissure of the tibial plateau, a
patellar tendon rupture and a failure of instruments). None of these
peroperative complications had serious consequences. Complications
not related to the prosthesis and compli-cations related to the prosthesis
or knee will be discussed in the following sections.

3.3.4.1 Complications not related to the prosthesis
Most of the complications not related to the prosthesis were urinary
tract infections (12.6% of all procedures) and decubitus (6.5%). Six
patients (1.8%) had gastrointestinal complications (peptic ulcer or gastric
hemorrhage). Thromboembolic complications were seen in five patients
(1.5%): pulmonary embolism in four patients and deep vein thrombosis
in one patient. None of the thromboembolic complications were fatal.

Four patients had an amputation of the whole leg or the lower leg:
two because of trauma and two due to circulation problems. One patient
became paraplegic after trauma (see Table 3.3).

Table 3.3. Complications not related to the prosthesis (number of procedures /% of all procedures).

Complications not related to the prosthesis n %

Urinary tract infection 43 12.6
Decubitus 22 6.5
Peptic ulcer / gastric hemorrhage 6 1.8
Pulmonary embolism 4 1.2
Amputation of the leg 3 0.9
Pneumonia 2 0.6
Deep vein thrombosis 1 0.3
Amputation of the lower leg 1 0.3
Paraplegia after trauma 1 0.3

3.3.4.2 Complications related to the prosthesis or knee
All complications related to the prosthesis or knee are listed in Table
3.4. Peroneal nerve palsy was seen in six cases (1.8% of all procedures).
One patient with rheumatoid arthritis had a bilateral peroneal nerve
palsy. Four of these patients had a valgus deformity of more than 15º,
the other two patients had a flexion contracture of 15º. All peroneal nerve
palsies were transient.

Patellar problems were seen in twelve cases (3.5%): eight patients
had patellar pain requiring exploration, and in four cases a patellar
fracture was seen.
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Table 3.4. Complications related to the prosthesis (number of knees /% of all prostheses implanted).

Complications related to the prosthesis or knee n %

Peroneal nerve palsy 6 1.8
Patellar pain requiring exploration 8 2.3
Patellar fracture 4 1.2
Varus/valgus instability of the knee 2 0.6
Dislocation of the prosthesis 2 0.6
Periprosthetic fracture 6 1.8
Rupture of the quadriceps tendon due to trauma 2 0.6
Rupture of the patellar tendon due to trauma 1 0.3
Avulsion fracture of the MCL 1 0.3

Wound problems and infections:
Excessive hematoma 10 2.9
Excessive hematoma with evacuation 5 1.5
Delayed wound healing 11 3.2
Superficial infection 1 0.3
Deep infection 12 3.5

Manipulation:
Manipulation under anesthesia 32 9.4

Screw loosening:
Screw loosening 38 11.1
Screw loosening after locking screw 2 0.6
Screw loosening after tightening screw 1 0.3

Wear:
PE exchange 27 7.9
Revision 18 5.3
Radiographic > 2 mm 10 2.9

Aseptic loosening of prosthesis 20 5.9

Figure 3.4. AP and lateral radiograph of a dislocated SKI prosthesis in a 61-year old male patient with
rheumatoid arthritis.
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Instability was a problem in four cases (1.2%). One patient had a
varus instability and one patient had a valgus instability requiring
revision. Dislocation of the prosthesis was seen two times in one patient
(see Figure 3.4). This was a 61-year old patient with rheumatoid arthritis
with bilateral knee dislocation five and six years postoperatively.
Preoperatively both knees had an anteroposterior instability of 5-10 mm,
a mediolateral instability of 10-14° and a range of motion of 80°. After
dislocation one knee was repositioned under general anesthesia. The

Figure 3.5. AP and lateral radiograph of a periprosthetic fracture in a 77-year old female patient.
Open reduction and fixation was performed.
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other knee remained in a dislocated position even after tenolysis of the
hamstrings. Finally an arthrodesis of this knee was performed.

Six patients (1.8%) had a periprosthetic fracture, five of the distal
femur (see Figure 3.5) and one of the tuberositas tibiae. In two knees an
open reduction and internal fixation was done. The other fractures were
treated conservatively. Two patients had a rupture of the quadriceps
tendon, one of the patellar tendon and one patient had an avulsion
fracture of the medial collateral ligament due to trauma. Wound
problems (excessive hematoma, delayed wound healing or superficial
infection) were seen in 27 knees (7.9%). Deep infection was seen in 12
knees (3.5%).

Manipulation of the knee under anesthesia was performed in 32
knees (9.4%). Screw loosening was seen in 38 knees (11.1%). One screw
loosened again after tightening and two screws loosened after locking
of the screw (see Figure 3.6).

Figure 3.6. AP and lateral radiograph of a SKI prosthesis with loosening of the locking pin 3.5 years
after locking of the screw in a 73-year old male patient.
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Wear was seen in 55 knees (16.1%). Aseptic loosening of the
prosthesis was seen in 20 knees (5.9%). The factors that might contribute
to wound problems, deep infection, manipulation of the knee
postoperatively, screw loosening, wear and aseptic loosening will be
discussed in the following sections.

3.3.5 Wound problems and superficial infection
Excessive hematoma was seen in 15 knees (4.4% of all procedures), five
of which required evacuation of the hematoma. One of the patients with
an excessive hematoma, which was not evacuated, developed a deep
infection. Patients with rheumatoid arthritis had more excessive
hematomas compared to patients with degenerative arthritis (5.0% ver-
sus 2.7%), but the difference was not significant (p=0.337).

Delayed wound healing was seen in 11 knees (3.2%), and in one
knee a superficial infection (0.3%) was seen. Patients with rheumatoid
arthritis and patients with other diagnoses had more wound problems
compared to patients with degenerative arthritis, but the difference was
not significant. An equal rate of wound problems was seen in male and
female patients. Patients with wound problems were younger on ave-
rage compared to patients with no wound problems, but the difference
was not significant. Patients with diabetes mellitus, obese patients,
patients who had had previous surgery or other risk factors did not
have significantly more wound problems compared to patients without
these risk factors. None of the patients who had ulcerations of the legs
in history or patients who had used steroids perioperatively had delayed
wound healing or developed a superficial infection (see Table 3.5).

3.3.6 Deep infection
Deep infection was seen in 12 patients (3.5% of all procedures). In four
patients a 2-stage revision was performed, and in one patient the
prosthesis was maintained after thorough irrigation. In five patients the
infection resulted in an arthrodesis, in one patient an amputation was
performed, and one patient died of sepsis probably arising from an
infection of the knee prosthesis ten years after implantation.

Patients with rheumatoid arthritis had a higher rate of deep infection
compared to patients with degenerative arthritis, but the difference was
not significant. Male and female patients had an equal rate of deep
infection. Patients with a deep infection were younger at the time of
surgery, but the difference was not significant either. Patients with dia-
betes mellitus, obese patients and patients who had had previous surgery
did not have significantly more deep infections compared to patients
without these risk factors. Patients who used steroids perioperatively
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Table 3.5. Logistic regression coefficient (B), standard error (se) and p-value of the relation between
delayed wound healing or superficial infection and the factors that may increase the risk of delayed
wound healing or superficial infection in all knees (n=341). None of the risk factors lead to a statistically
significant increase of either delayed wound healing or superficial infection.

 n Delayed wound No delayed B  se  p-value
healing/ wound healing/

superficial superficial
infection infection

All knees 341 12 (3.5%) 329 (96.5%)

Diagnosis
Degenerative arthritis 112 2 (1.8%) 110 (98.2%)
Rheumatoid arthritis 201 8 (4.0%) 193 (96.0%) 0.487 0.876 0.578
Other 28 2 (7.1%) 26 (92.9%) 1.047 1.116 0.348

Sex
Male 80 3 (3.8%) 77 (96.3%)
Female 261 9 (3.4%) 252 (96.6%) -0.261 0.750 0.728

Age at the time of surgery 341 57.2 ± 17.6 63.7 ± 13.6 -0.031 0.023 0.181
(mean ± sd (range)) (24-78) (19-86)

Diabetes mellitus
Yes 25 1 (4.0%) 24 (96.0%)
No 316 11 (3.5%) 305 (96.5%) -0.472 1.126 0.675

Obesity (BMI > 30)
Yes 56 1 (1.8%) 55 (98.2%)
No 285 11 (3.9%) 274 (96.6%) 0.516 1.124 0.646

Previous surgery
Yes 59 2 (3.4%) 57 (96.6%)
No 282 10 (3.5%) 272 (96.5%) 0.467 0.872 0.592

Other risk factors
Yes 7 1 (14.3%) 6 (85.7%)
No 334 11 (3.3%) 323 (96.7%) -0.963 1.186 0.417

Ulcerations in history
Yes 11 0 (0%) 11 (100%)
No 330 12 (3.6%) 318 (96.4%)

Use of steriods
Yes 32 0 (0%) 32 (100%)
No 309 12 (3.9%) 297 (96.1%)

had a higher rate of deep infection, but the difference was not signifi-
cant either.

Patients with ulcerations of the legs in history had significantly more
deep infections compared to patients without ulcerations in history
(20.0% versus 3,3%). Another factor that contributed significantly to the
development of a deep infection was delayed wound healing (30.0% of
the patients with delayed wound healing developed a deep infection,
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Table 3.6. Logistic regression coefficient (B), standard error (se) and p-value of the relation between
deep infection and the factors that may increase the risk of deep infection in patients with rheumatoid
arthritis or degenerative arthritis (n=313). Patients with ulcerations of the legs in history and patients with
delayed wound healing had a statistically significant increased risk of developing a deep infection.

n Deep No deep B se p-value
infection infection

All knees 313 12 (3.8%) 301 (96.2%)

Diagnosis
Degenerative arthritis 112 2 (1.8%) 110 (98.2%)
Rheumatoid arthritis 201 10 (5.0%) 191 (95.0%) 1.232 0.920 0.180

Sex
Male 69 2 (2.9%) 67 (97.1%)
Female 244 10 (4.1%) 234 (95.9%) -0.794 0.889 0.372

Age at the time of surgery 313 60.9 ± 12.7 63.6 ± 13.8 0.014 0.025 0.574
(mean ± sd (range)) (38-79) (19-86)

Diabetes mellitus
Yes 24 1 (4.2%) 23 (95.8%)
No 289 11 (3.8%) 278 (96.2%) 0.668 1.241 0.590

Obesity (BMI > 30)
Yes 52 2 (3.8%) 50 (96.2%)
No 261 10 (3.8%) 251 (96.2%) -0.606 0.911 0.506

Previous surgery
Yes 48 3 (6.2%) 45 (93.8%)
No 265 9 (3.4%) 256 (96.6%) -1.411 0.799 0.077

Use of steroids
Yes 32 2 (6.3%) 30 (93.8%)
No 281 10 (3.6%) 271 (96.4%) -1.253 0.959 0.192

Ulcerations in history
Yes 10 2 (20.0%) 8 (80.0%)
No 303 10 (3.3%) 293 (96.7%) -2.506 0.936 0.007

Delayed wound healing
Yes 10 3 (30.0%) 7 (70.0%)
No 303 9 (3.0%) 294 (97.0%) -3.309   0.946   <0.001

Other risk factors
Yes 5 1 (20.0%) 4 (80.0%)
No 308 11 (3.6%)   297 (96.4%) -1.663   1.590   0.296

versus 3.0% of the patients who did not have delayed wound healing)
(see Table 3.6).

3.3.7 Manipulation of the knee under anesthesia
Manipulation of the knee under anesthesia was carried out in 32 knees
(9.4%). Significantly more manipulations of the knee were done in
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patients with degenerative arthritis compared to patients with
rheumatoid arthritis (13.4% versus 5.5%).

Female patients had more manipulations compared to male patients,
patients who had a manipulation of the knee were younger compared
to patients who did not have a manipulation, and patients who had
had surgery before total knee replacement required manipulation of the
knee more often compared to patients without previous surgery, but
the differences were not significant. No difference in body weight was
found between patients who had a manipulation of the knee and patients
who had not.

There was no difference in flexion pre-operatively between patients
who had a manipulation and patients who had not, but patients who
needed a manipulation had a significantly worse extension pre-
operatively compared to patients who did not need a manipulation
(-18.3° versus -12.3°) (see Table 3.7).

Table 3.7. Logistic regression coefficient (B), standard error (se) and p-value of the relation between
manipulation and the factors that may influence the need of a manipulation in all knees (n=341). In
patients with rheumatoid arthritis, significantly fewer manipulations were done compared to patients
with degenerative arthritis. Patients who needed a manipulation had a significantly worse extension
preoperatively.

n Manipulation No manipulation B se p

All knees 341 32 (9.4%) 309 (90.6%)

Diagnosis
Degenerative arthritis 112 15 (13.4%) 97 (86.6%)
Rheumatoid arthritis 201 11 (5.5%) 190 (94.5%) -1.783 0.558 0.001
Other 28 6 (21.4%) 22 (78.6%) 0.389 0.617 0.528

Sex
Male 80 5 (6.3%) 75 (93.8%)
Female 261 27 (10.3%) 234 (89.7%) -1.016 0.607 0.094

Body-weight (kg) 341 70.9 ± 12.6 70.6 ± 12.5 -0.003 0.017 0.855
(mean ± sd (range)) (49-100) (36-102)

Age at the time of surgery 341 61.0 ± 15.4 63.8 ± 13.6 -0.026 0.017 0.112
(mean ± sd (range)) (22-81) (19-86)

Previous surgery
Yes 59 7 (11.9%) 52 (88.1%)
No   282 25 (8.9%) 257 (91.1%) 0.180 0.554 0.745

Flexion preoperatively (°) 341 98.0 ± 22.7 99.3 ± 21.5 0.008 0.011 0.446
(mean ± sd (range)) (35-135) (10-140)

Extension preoperatively (°) 341 -18.3 ± 17.3 -12.3 ± 10.8 -0.057 0.019 0.003
(mean ± sd (range)) (-90-0) (-40-0)
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In both follow-up studies, patients who had had a manipulation of
the knee had a slightly better flexion and a slightly worse extension at
follow-up compared to patients who did not undergo manipulation,
but the differences were not significant (see Table 3.8).

3.3.8 Screw loosening
Screw loosening was seen in 38 knees (17.8% of all prostheses that were
available for follow-up or revised) (see Figure 3.7).

In patients with degenerative arthritis and other diagnoses, more
screw loosening was seen compared to patients with rheumatoid
arthritis, but the difference was not significant. Male patients had a
higher rate of screw loosening compared to female patients, but the
difference was not significant either. Patients with screw loosening were
younger at the time of surgery, they were heavier and they had had
more previous surgery than patients with a fixed screw, but the
differences were not significant. A higher rate of screw loosening was
seen in knees with a thicker PE insert, but the PE thickness was not a
significant factor influencing screw loosening. The only factor that
contributed significantly to screw loosening was the Function Score.
Patients with screw loosening had a significantly higher activity level
compared to patients with a fixed screw (mean Function Score 55.7 ±
27.5 versus 32.9 ± 29.2 points) (see Table 3.9 and Figure 3.8).

Table 3.8. Flexion and extension (°) at follow-up (Tp and Tc) in patients who had had a manipulation and
patients who had not. No significant differences were seen.

Manipulation No manipulation p-value*

First follow-up study (n=197) n=32 n=165

Flexion at follow-up (°) 97.4 ± 19.1 (45-125) 96.9 ± 21.2 (0-135) 0.910

Extension at follow-up (°) -4.1 ± 9.8 (-40-0) -1.8 ± 5.9 (-45-0) 0.233

Second follow-up study (n=97) n=16 n=81

Flexion at follow-up (°) 95.6 ± 17.9 (55-120) 90.6 ± 22.2 (0-125) 0.398

Extension at follow-up (°) -6.9 ± 11.8 (-40-0) -4.4 ± 8.9 (-60-0) 0.350

* Independent samples t-test
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Figure 3.7. AP and lateral radiograph of a SKI prosthesis with a loosened screw in a 76 year-old
female patient, 6.7 years after total knee replacement. Wear of the polyethylene is seen at the medial
side.
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Table 3.9. Logistic regression coefficient (B), standard error (se) and p-value of the relation between
screw loosening and the factors that may contribute to screw loosening in 214 knees. Only a high Function
Score contributed significantly to screw loosening.

n Aseptic No aseptic B se p-value
loosening loosening

All knees 214 38 (17.8%) 176 (82.2%)

Diagnosis
Degenerative arthritis 82 17 (20.7%) 65 (79.3%)
Rheumatoid arthritis 111 15 (13.5%) 96 (86.5%) -0.044 0.636 0.944
Other 21 6 (28.6%) 15 (71.4%) 0.043 0.705 0.952

Sex
Male 40 12 (30.0%) 28 (70.0%)
Female 174 26 (14.9%) 148 (85.1%) -0.149 0.615 0.808

Body weight 214 75.5 ± 12.8 70.1 ± 12.9 0.038 0.021 0.065
(mean ± sd (range)) (52-100) (46-102)

Age at the time of surgery 214 57.7 ± 13.2 61.0 ± 15.3 -0.008 0.020 0.678
(mean ± sd (range)) (24-81) (19-86)

Function Score 194 55.7 ± 27.5 32.9 ± 29.2 0.023 0.009 0.008
(mean ± sd (range)) (0-100) (0-100)

Previous surgery
Yes 49 12 (20.3) 37 (62.7)
No 165 26 (9.2) 139 (49.3) -0.240 0.498 0.629

PE thickness 0.151 0.140 0.281
Unknown 3 0 (0%) 3 (100%)
7 170 29 (17.1%) 141 (82.9%)
9 29 5 (17.2%) 24 (82.8%)
11 9 2 (22.2%) 7 (77.8%)
13 3  2 (66.7%) 1 (33.3%)

Time of follow-up 214 11.0 ± 3.8 10.8 ± 3.1 0.062 0.077 0.417
(mean ± sd (range)) (1-18) (1-18)



53

0

10

20

30

40

50

60

70

80

90

100

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Function Score (points)

%
o

f
k

n
ee

s
w

it
h

sc
re

w
lo

o
se

n
in

g

Figure 3.8. Screw loosening and Function Score. A significantly higher rate of screw loosening was
seen in patients with a higher Function Score (logistic regression analysis, B=0.023, se=0.009, p=0.008).

3.3.9 Wear
Wear was seen in 55 prostheses (25.7% of all knees that were available
for follow-up or revised) (See Figure 3.9). Among these, 27 knees had
an exchange of the polyethylene insert because of wear, 18 knees had
wear at the time of revision, and in 10 knees wear was seen upon
radiographic examination at follow-up.

In patients with degenerative arthritis and other diagnoses, more
wear was seen compared to patients with rheumatoid arthritis, but the
difference was not significant. Male patients had more wear compared
to female patients, patients with previous surgery had more wear
compared to patients without previous surgery, and in patients with a
thicker PE insert more wear was seen, but the differences were not sig-
nificant.
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Patients with wear were heavier compared to patients without wear
(mean body weight 76.9 ± 13.6 versus 69.0 ± 12.3 kg). In a logistic
regression analysis, this difference was significant (p<0.001), but
corrected for all other factors, p=0.053. Patients with wear were
significantly younger at the time of surgery (mean age 55.0 ± 14.0 ver-
sus 62.2 ± 14.9 years) (see Table 3.10 and Figure 3.10). Patients with
wear had a significantly higher activity level compared to patients who
had no wear (mean Function Score 58.2 ± 24.8 versus 28.5 ± 27.8 points)
(see Table 3.10 and Figure 3.11).

Knees with screw loosening had significantly more wear compared
to knees with a fixed screw (68.4% of the knees with screw loosening
had wear compared to 16.5% of the knees without screw loosening)
(see Table 3.10).

3.3.10 Aseptic loosening of the prosthesis
Aseptic loosening of the prosthesis was seen in 20 patients (9,3% of all
knees that were available for follow-up or revised) (See Figure 3.12). In
patients with degenerative arthritis and patients with other diagnoses,
more aseptic loosening of the prosthesis was seen compared to patients
with rheumatoid arthritis, but the difference was not significant. Male
patients had a higher rate of aseptic loosening compared to female
patients, but this difference was not significant either. Patients with

Figure 3.9. AP and lateral radiograph of a SKI prosthesis with full thickness wear at the medial side in
a 64-year old female patient with screw loosening. This patient had a Function Score of 100 points.
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Table 3.10. Logistic regression coefficient (B), standard error (se) and p-value of the relation between
wear and the factors that may contribute to wear in 214 knees. Younger age, a higher Function Score and
screw loosening contributed significantly to increased wear. Increased body weight contributed significantly
to increased wear (p<0.001), but corrected for all other factors p=0.053.

n Wear No wear B se p-value

All knees 214 55 (25.7%) 159 (74.3%)

Diagnosis
Degenerative arthritis 82 25 (30.5%) 57 (69.5%)
Rheumatoid arthritis 111 19 (17.1%) 92 (82.9%) -0.946 0.677 0.162
Other 21 11 (52.4%) 10 (47.6%) -0.259 0.700 0.712

Sex
Male 40 16 (40.0%) 24 (60.0%)
Female 174 39 (22.4%) 135 (77.6%) 0.296 0.610   0.628

Body weight 214 76.9 ± 13.6 69.0 ± 12.3 0.041 0.021 0.053
(mean ± sd (range)) (46-102) (46-100)

Age at the time of surgery 214 55.0 ± 14.0 62.2 ± 14.9 -0.053 0.020 0.008
(mean ± sd (range)) (21-84) (19-86)

Function Score 194 58.2 ± 24.8 28.5 ± 27.8 0.027 0.008 0.001
(mean ± sd (range)) (0 -100) (0-90)

Previous surgery
Yes 49  20 (40.8) 29 (59.2)
No 165 35 (21.2) 130 (78.8) -0.272 0.492 0.580

PE thickness 0.150 0.146 0.305
Unknown 3 0 (0.0%) 3 (100%)
7 170 41 (24.1%)  129 (75.9%)
9 29 7 (24.1%) 22 (75.9%)
11 9 5 (55.6) 4 (44.4%)
13 3 2 (66.7%) 1 (33.3%)

Screw loosening
Yes  38  26 (68.4%) 12 (31.6%)
No 176 29 (16.5%) 147 (83.5%) -2.416 0.556 <0.001

Time of follow-up 214 10.9 ± 3.2 10.7 ± 3.9 0.020 0.074 0.788
(mean ± sd (range)) (5-18) (1-18)
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Figure 3.11. Wear and Function Score. Significantly more wear is seen in patients with a higher Function
Score (logistic regression analysis, B=0.027, se=0.008, p=0.001).
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Figure 3.10. Wear and age at the time of surgery. Significantly more wear is seen in patients who were
younger at the time of surgery (logistic regression analysis, B=-0.053, se=0.020, p=0.008).
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Figure 3.12. AP and lateral radiograph of a SKI prosthesis with screw loosening, wear and aseptic
loosening in a 54-year old male patient with rheumatoid arthritis, seven years after implantation.
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Table 3.11. Logistic regression coefficient (B), standard error (se) and p-value of the relation between
aseptic loosening of the prosthesis and the factors that may contribute to aseptic loosening in 214 knees.
A higher Function Score and increased wear were significantly associated with aseptic loosening.

n Aseptic No aseptic B se p-value
loosening loosening

All knees 214 20 (9.3%) 194 (90.7%)

Diagnosis
Degenerative arthritis 82 8 (9.8%) 74 (90.2%)
Rheumatoid arthritis 111 7 (6.3%) 104 (93.7%) 0.332 1.144 0.772
Other 21 5 (23.8%) 16 (76.2%) 1.050 0.981 0.285

Sex
Male 40 7 (17.5%) 33 (82.5%)
Female 174 13 (7.5%) 161 (92.5%) 0.046   0.978   0.963

Body weight 214 79.3 ± 13.3 70.2 ± 12.7 0.031 0.042 0.457
(mean ± sd (range)) (58-102) (46-102)

Age at the time of surgery 214 57.4 ± 11.2 60.8 ± 15.3 -0.009 0.031 0.756
(mean ± sd (range)) (37-80) (19-86)

Function Score 194 70.0 ± 16.4 33.6 ± 29.2 0.033 0.016 0.041
(mean ± sd (range)) (25-85) (0-100)

Previous surgery
Yes 49 6 (12.2) 43 (87.8)
No 165 14 (8.5) 151 (91.5) 0.099   0.752   0.895

PE thickness -0.218 0.214 0.309
Unknown 3 0 (0.0%) 3 (100%)
7 170 16 (9.4%) 154 (90.6%)
9 29 1 (3.4%) 28 (96.6%)
11 9 3 (33.3%) 6 (66.7%)
13 3 0 (0.0%) 3 (100.0%)

Screw loosening
Yes 38 11 (28.9%) 27 (71.1%)
No   176   9 (5.1%) 167 (94.9%) -1.332   0.756   0.078

Wear
Yes  55 17 (30.9%) 38 (69.1%)
No 159 3 (1.9%) 156 (98.1%) -2.873   1.144   0.012

aseptic loosening had more body weight, they were younger at the time
of surgery and they had had more previous surgery compared to patients
who had no aseptic loosening of the prosthesis, but all these factors did
not contribute to aseptic loosening of the prosthesis significantly. The
thickness of the PE insert had no significant influence on aseptic
loosening. More aseptic loosening of the prosthesis was seen in knees
with screw loosening, but screw loosening was not a significant factor
contributing to aseptic loosening. (see Table 3.11).
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Patients with aseptic loosening of the prosthesis had a significantly
higher activity level compared to patients who had no signs of aseptic
loosening (mean Function Score 70.0 ± 16.4 versus 33.6 ± 29.2 points)
(see Table 3.11 and Figure 3.13). Significantly more aseptic loosening
was seen in knees with wear (30.9% of the prostheses with wear had
aseptic loosening compared to 1.9% of the prostheses that had no wear)
(see Table 3.11).

3.4 DISCUSSION

Differences in patient population, length of follow-up and different
definitions of endpoints make a comparison of the results of joint
replacement difficult. Survivorship of total knee prostheses varies from
82% at 14 years 107 to 100% at 10 years 108. Only a few studies with a
follow-up of more than 15 years are published. Ritter et al. 109 found a
cumulative survival rate of 98.86% at 15 years for the AGC total knee
replacement, Gill et al. 110 found a cumulative survival rate of 92.6% at
17 years for the Kinematic Condylar total knee replacement, and Font-
Rodriguez 50 found a cumulative survival rate of 90.8% at 21 years for
the Total Condylar total knee replacement (see Table 3.12).
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Figure 3.13. Aseptic loosening of the prosthesis and Function Score. A significantly higher rate of
aseptic loosening of the prosthesis is seen in patients with a higher Function Score (logistic regression
analysis, B=0.033, se=0,016, p=0.041).



60

T
ab

le
 3

.1
2.

 S
ur

vi
vo

rs
hi

p 
of

 d
if

fe
re

nt
 ty

pe
s 

of
 k

ne
e 

pr
os

th
es

es
 w

ith
 th

e 
nu

m
be

r 
of

 k
ne

es
 in

cl
ud

ed
 in

 th
e 

st
ud

y 
an

d 
de

fi
ni

tio
n 

of
 th

e 
en

dp
oi

nt
.

T
yp

e 
pr

os
th

es
is

A
ut

ho
r

N
um

be
r 

of
 k

ne
es

Su
rv

iv
or

sh
ip

E
nd

po
in

t

A
G

C
R

itt
er

 (
10

9)
45

85
98

.8
6%

 a
t 1

5 
ye

ar
s

R
ev

is
io

n 
or

 l
oo

se
ni

ng

A
G

C
W

or
la

nd
 (

11
1)

56
2

97
%

 a
t 1

4 
ye

ar
s

R
ev

is
io

n 
fo

r 
an

y 
re

as
on

K
in

em
ax

B
ac

k 
(1

12
)

42
2

96
.5

%
 a

t 9
 y

ea
rs

R
ev

is
io

n

K
in

em
at

ic
 C

on
dy

la
r

R
itt

er
 (

49
)

39
4

94
.7

%
 a

t 1
0 

ye
ar

s
R

ev
is

io
n 

or
 r

ec
om

m
en

de
d 

re
vi

si
on

K
in

em
at

ic
 C

on
dy

la
r

G
ill

 (
11

0)
40

4
92

.6
%

 (
87

.6
-9

5.
6)

 a
t 1

7 
ye

ar
s

R
em

ov
al

 o
r 

re
vi

si
on

84
.9

%
 (

76
.5

-9
0.

5)
 a

t 1
7 

ye
ar

s
W

or
st

 c
as

e 
sc

en
ar

io

K
in

em
at

ic
va

n 
L

oo
n 

C
S 

(1
07

)
10

2
82

%
 (

67
-9

2)
 a

t 1
4 

ye
ar

s
R

ev
is

io
n

62
%

 (
46

-7
7)

 a
t 1

4 
ye

ar
s

W
or

st
 c

as
e 

sc
en

ar
io

K
in

em
at

ic
M

al
ka

ni
 (

11
3)

16
8

96
%

 a
t 1

0 
ye

ar
s

R
ev

is
io

n

K
in

em
at

ic
W

ei
r 

(1
14

)
20

8
92

 (
95

-8
7)

 a
t 1

0 
ye

ar
s

R
ev

is
io

n

K
in

em
at

ic
A

ns
ar

i (
11

5)
44

5
96

%
 a

t 1
0 

ye
ar

s
R

ev
is

io
n 

or
 r

ec
om

m
en

de
d 

re
vi

si
on

To
ta

l C
on

dy
la

r
R

an
aw

at
 (

11
6)

11
2

94
.1

 %
 a

t 1
1 

ye
ar

s
R

ev
is

io
n 

or
 r

ec
om

m
en

de
d 

re
vi

si
on

To
ta

l C
on

dy
la

r
R

itt
er

 (
15

)
39

4
96

.8
%

 a
t 1

2 
ye

ar
s

Pr
os

th
et

ic
 r

em
ov

al
 e

xc
lu

di
ng

 in
fe

ct
io

n

To
ta

l C
on

dy
la

r
Fo

nt
-R

od
ri

gu
ez

 (
50

)
21

5
90

.8
%

 a
t 2

1 
ye

ar
s

M
ill

er
 G

al
an

te
 I

B
er

ge
r 

(1
08

)
17

2
84

.1
%

 ±
 4

.1
 a

t 1
0 

ye
ar

s
R

ev
is

io
n

M
ill

er
 G

al
an

te
 II

B
er

ge
r 

(1
08

)
10

9
10

0 
%

 a
t 1

0 
ye

ar
s

R
ev

is
io

n



61

In our study, the majority of the procedures (58.9%) was performed
in knees affected by rheumatoid arthritis. We found a cumulative
survival rate of the SKI knee prosthesis of 83.4 % ± 3.5 at 19 years with
revision, loosening of the prosthesis or infection as endpoint and 86.6%
± 3.2 at 19 years with revision, or loosening only due to mechanical
failure as an endpoint. There are no other long-term studies of the SKI
prosthesis to compare the results.

Babis et al. 117 found a cumulative survival rate of 63.5% at 5.5 years
after isolated tibial insert exchange. Engh et al. 118 advised not to perform
an isolated insert exchange in cases with accelerated wear within ten
years after the index surgery. In our series, only one PE insert was
exchanged a second time due to instability. No aseptic loosening was
seen following PE exchange after a mean follow-up of 2.6 years. Thanks
to regular outpatient visits, wear was recognized early and the PE insert
was exchanged in time. In most cases the exchange was performed with
a thicker PE insert. Engh et al. found a deterioration of the tibial baseplate
locking mechanism in modular total knee components 119. In our study,
most screws were locked with a locking pin to prevent the screw from
loosening again (see Chapter 1). This might explain the high cumulative
survival rate after PE exchange in this study. However, the time of follow-
up after PE exchange was short, and studies with a longer follow-up
time will have to be done to show whether isolated exchange of the PE
insert in the SKI prosthesis is a durable procedure.

More than half of the procedures (54%) had one or more complica-
tions. Of these complications 70.6% were related to the prosthesis or
knee. Thromboembolic disease is not an uncommon occurrence after
total knee arthroplasty. According to venographic data, the incidence of
deep vein thrombosis (DVT) ranges from 50 to 70% 120. DVT based on
clinical diagnosis is reported in 1-10% of the patients after total knee
replacement 121. In this series, clinically apparent DVT was only seen in
one patient (0.3%). As the clinical diagnosis of DVT is difficult, this may
be an underestimation of the real number of DVTs in this series.
Asymptomatic pulmonary embolism may occur in up to 10-18% of the
patients after total knee replacement. Symptomatic pulmonary embolism
is reported in 1.0-1.9% of the patients, and fatal pulmonary embolism in
0.2-0.7% 120;122. In this series, pulmonary embolism was seen in four (1.2%)
patients. None of the pulmonary embolisms was fatal.

Peroneal nerve injury has been reported in 0.3-2.0% of patients after
total knee arthroplasty 123. It is frequently associated with a preoperative
flexion contracture, valgus deformity and prior knee surgery, especially
tibial osteotomy 124. In this series, transient peroneal nerve palsy was
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seen in six (1.8%) patients. Four of these patients had a valgus deformity
of more than 15º, the other two patients had a flexion contracture of 15º.
Peroneal nerve palsy was not seen in patients who had had a tibial
osteotomy.

The patellofemoral joint is exposed to high loads. In activities such
as squatting, the patellofemoral joint is loaded seven times the body
weight, and during stair-climbing three to four times the body weight 125.
The patellofemoral joint is the most common source of pain and
dysfunction after total knee replacement. Excessively thin or thick
patellae, decreased circulation to the patella and patella maltracking have
been associated with patellar fractures 126. Patellar maltracking may be
related to prosthetic design, asymmetric patellar resection, malrotation
of the femoral or tibial component, or patellar malpositioning 124.
Complications of the extensor mechanism are reported in 8-35% of the
patients 125. In this study, complications of the extensor mechanism were
seen in 15 (4.4%) knees. Of these patients, eight (2.3%) had patellar pain
requiring a reoperation, four (1.2%) had a patellar fracture and three
(0.9%) had a rupture of the extensor mechanism. The incidence of patellar
pain will be described in Chapter 4. Patellar instability was not a clinical
problem in this series. This is probably due to the asymmetric femoral
component with a raised lateral border (see Figure 3.14).

Figure 3.14. Skyline view of a SKI prosthesis (left) and an AGC knee prosthesis (right). The SKI prosthesis
has a raised lateral border, which may prevent patellar dislocation.

Wound healing problems (marginal wound necrosis, sinus tract
formation, wound dehiscence and hematoma formation) is reported in
2-37% of the cases (average 1-10%) 127. In this series, wound problems
(superficial infection, delayed wound healing and excessive hematoma)
were seen in 7.9% of all procedures. No risk factor could be identified
that contributed significantly to delayed wound healing or superficial
infection.
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Deep infection rates range from 0-7.0%, with the average at about
3% 127. In this series, deep infection was seen in 12 (3.5%) procedures.
Patients with rheumatoid arthritis, diabetes mellitus or previous surgery
had a higher rate of deep infection, but the main prognostic factor to
develop a deep infection was previous ulceration of the leg and delayed
wound healing. Deep infection is a serious complication. In the group
of patients with a deep infection, the prosthesis could not be maintained
in seven cases (58.3%).

Manipulation of the knee under anesthesia may be performed to
increase the range of motion and to facilitate early rehabilitation. Fox
and Poss 128 found that manipulation was more likely to be necessary if
patients were female, if the primary diagnosis was degenerative arthritis
or if they were over 70 years of age. In this series, manipulation of the
knee was done in 32 (9.4%) knees. More manipulations were done in
female patients, younger patients and patients with previous surgery,
but the main predictive factor for manipulation of the knee was
preoperative flexion contracture or the diagnosis degenerative arthritis.
The long-term benefits of manipulation under anesthesia after total knee
replacement have been questioned 128. Esler et al. 129 found a mean gain
of active flexion of 33º one year after manipulation. Because this was a
retrospective study we were not able to calculate the gain in range of
motion after manipulation under anesthesia, but we found no significant
difference in flexion or extension at follow-up between patients who
had undergone a manipulation of the knee and patients who had not.

A weak point in the design of the SKI prosthesis is the locking
mechanism of the tibial insert with a screw. The screw that has to prevent
rotation of the polyethylene insert on the tibial baseplate appeared to
have the possibility to loosen and to become a loose body in the knee.
At the final follow-up study, screw loosening had occurred in 38 knees
(11.1% of all SKI prostheses implanted and 17.8% of the knees that were
available for follow-up or revised). The most important factor contributing
to screw loosening was the Function Score. In patients with a higher
Function Score, significantly more screw loosening was seen. In this
study we used the Function Score of the American Knee Society Score
to determine the activity level of the patient. The Function Score rates
the walking distance of the patient, the ability to climb stairs and the
use of walking aids. We realize that there may be a high degree of
variability in load on the prosthesis between patients with equal Function
Scores, but in this retrospective study we believe the activity level is
best estimated with this score.

In this study, significantly more wear was seen in patients with a
higher Function Score, in younger patients, and in prostheses with screw
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loosening. In laboratory studies the rate of wear is proportional to load
130;131. Younger patients probably have a higher Function Score and load
their knee prosthesis more, which causes more wear. Patients with screw
loosening had a significantly higher Function Score and significantly
more wear compared to patients with a fixed screw. A higher activity
level may cause loosening of the screw, but it also may cause increased
wear. The wear in knees with screw loosening may therefore be caused
because these patients were more active, because of damage to the
polyethylene by the screw itself, or maybe due to other factors. The
differences in wear rate and damage of retrieved polyethylene inserts
in knees with and without screw loosening will therefore be analyzed
in Chapters 5 and 7.

Aseptic loosening of the prosthesis was seen in 5.9% of all SKI knee
prostheses and in 9.3% of all knees that were available for follow-up or
revised. The main factors contributing to aseptic loosening were activity
level and wear. Patients with a higher activity level load their prosthesis
more, which causes more wear. Increased wear may activate osteoclasts
by the production of inflammatory mediators by macrophages that
phagocytose polyethylene debris 84;132;133. Mirra et al. 82 already found
that excessive polyethylene wear correlated well with the incidence of
loosening.

3.5 CONCLUSIONS

The long-term results of the SKI prosthesis are good. The cumulative
survival rate with removal of the prosthesis only due to mechanical
problems or aseptic loosening as an endpoint is 86.6% ± 3.2 at 19 years
and 83.4% ± 3.5 if infections were included as an endpoint. After PE
exchange, no aseptic loosening of the prosthesis was seen after a mean
follow-up of 2.6 ± 1.6 years.

No risk factor could be identified that contributed significantly to
delayed wound healing or superficial infection. The most important
factors increasing the risk of developing a deep infection in this study
were previous ulceration of the leg and delayed wound healing.

Patients with degenerative arthritis and other diagnoses needed a
manipulation of the knee more often compared to patients with
rheumatoid arthritis, and patients who needed a manipulation had a
significantly worse extension pre-operatively. The pre-operative flexion
was the same in patients who needed a manipulation and patients who
did not need a manipulation. At follow-up, no difference in flexion and
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extension was seen between patients who had had a manipulation and
patients who had not.

Increased activity level was the most important factor that contributed
to screw loosening. Increased activity level, younger age at the time of
surgery and screw loosening were the most important factors contributing
to wear. Increased activity level and increased wear were the most
important factors contributing to aseptic loosening of the SKI prosthesis
(see Figure 3.15).

Because screw loosening was an important factor contributing to
wear, and wear was an important factor contributing to aseptic
loosening, the cumulative survival rate of the SKI prosthesis might have
been higher if the fixation of the PE insert to the tibial baseplate had
been better. *

Figure 3.15. The relation of the factors that contributed significantly to screw loosening, wear and
aseptic loosening of the prosthesis.
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* If patients with screw loosening were excluded from the survival analysis the cumulative survival rate
would have been 91.5% ± 3.0 excluding infection as an endpoint and 88.0 ± 3.5% including infection
as an endpoint. However, it must be mentioned that patients with a higher activity level were also
excluded from this analysis.



66



6 7

Chapter 4

Clinical Performance of the SKI Prosthesis
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4.1 INTRODUCTION

The good clinical performance of a knee prosthesis is what is most im-
portant to the patient. A pain-free, stable knee joint, which allows full
weight-bearing and has a good range of motion, can lead to unrestricted
mobility and fulfillment of a quality lifestyle. To evaluate a knee
replacement, many different knee-rating systems are available. Several
studies have evaluated the patient’s view and used generic health sta-
tus questionnaires to assess outcome 134.

The Oxford 12-Item Questionnaire 135 was developed in 1998
especially for the evaluation of total knee replacement to record the
patients’ perception. It is short, practical, reliable, valid and sensitive to
clinically important changes over time 135, but this score was not available
at the time of our first follow-up study in 1996. Other systems used are
The British Association of the Knee Chart 136, The Hospital for Special
Surgery Score 137 and The Knee Society Clinical Dual Rating System
devised by the American Knee Society 138.

The British Orthopedic Association Score combines subjective and
objective variables. The variables are equally weighed. There are
however several problems with this system. There are no criteria for
determining the category to which the patients belongs. The data are
subject to patient bias, i.e. the patients may upgrade their response in
order to please the questioner, who may have been the surgeon 139. The
British Orthopedic Association Score has low interobserver and
intraobserver variation due to equal weighing of the variables, but this
makes the system less likely to detect changes 140.

The Hospital for Special Surgery Score was developed in the 1970s.
It combines an evaluation of both the operated knee and the patient’s
general function in one score. However, this may cause problems. The
total score may be reduced if a patient cannot walk due to other medical
problems, although he may have no pain or an excellent function.

The Knee Society Clinical Dual Rating System (American Knee Society
Score) was a logical outgrowth of the Hospital for Special Surgery Score.
It separates findings in the operated knee from findings in the patient’s
function. According to Miller et al., the “best buy” of outcome studies
for knee replacement surgery is the American Knee Society Score 139.

To evaluate pain, the Pain Score of the American Knee Society Score
can be used. This is a categorical score. A common complaint of
categorical scales is that the number of descriptors is insufficient and
that the choice of a particular category is forced and limited 141. Pain can
also be scored with a Visual Analogue Scale. Visual Analogue Scales
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were originally developed to measure depression, well-being, sleep and
mood in psychology 142, and were adapted to measure pain 143. It has
been shown that straight, horizontal and ungraded lines are the most
sensitive 144. The theoretical advantages of the Visual Analogue Scales
are that they are simple, quick to score, do not involve imprecise
descriptive terms and provide many points from which to choose 141.

To evaluate the long-term clinical performance of the SKI prosthesis,
we studied all available patients in two consecutive follow-up studies,
as has been already indicated in previous chapters. The Knee Score,
Function Score and Total Score, the factors that may have influence on
it and the course in time of all patients in both studies will be analyzed
in sections 4.3.1, 4.3.5 and 4.3.6. Pain, the factors that may have influence
on it and the course of the pain in time will be analyzed in section 4.3.2
with the Pain Score of the American Knee Society Score, a VAS Score for
pain and the presence of anterior knee pain. The range of motion, flexion
and flexion contractures, the factors that may have influence on it and
the course in time will be analyzed in section 4.3.3. The pre- and
postoperative stability and alignment will be described in section 4.3.4.
In section 4.3.7 the pre- and postoperative scores of patients with
degenerative arthritis and rheumatoid arthritis, and in section 4.3.8 the
scores before and after polyethylene exchange will be described.

4.2 MATERIAL AND METHODS

Most patients with an SKI prosthesis are seen at regular intervals at
Groningen University Hospital for many years after total knee
replacement. To evaluate the clinical performance of the SKI prosthesis,
two consecutive large follow-up studies were carried out. The first study
was done by observer 1 from January 1996 to November 1997 (Tp). The
second study was done by observer 2 from July 1999 to July 2001 (Tc). If
patients did not have an appointment to visit the outpatient clinic at Tp
or at Tc, they were invited to visit the clinic. If they were not able to visit
the clinic, they were seen at home.

Of all 341 SKI prostheses implanted in 255 patients, 194 knees (146
patients) were available for clinical follow-up at Tp and 97 knees (79
patients) at Tc (see Figure 2.2). All patients seen at Tc by observer 2 (Group
III) were also seen at Tp by observer 1 (Group II). For details of all patients
see Appendix 2. The mean time of follow-up of the patients seen at Tp
was 9.8 ± 2.6 years (range 5.1-15.5) and at Tc 14.0 ± 2.6 years (range 9.2-
18.7) (see Figure 4.1).
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Because the patients were seen by two different observers at two
separate moments, and because the patients seen at Tc were a selection
of all patients seen at Tp, the results of the patients seen at Tp and at Tc
will be discussed separately.

At the final follow-up study, 23 knees (21 patients) had had an
exchange of the polyethylene insert. In one knee only a PE exchange
was performed due to patient morbidity in a knee prosthesis with clinical
signs of loosening. This knee was excluded from the analysis. The de-
tails of these patients (Group IV) are described in Appendix 2. Of the
knees with a PE exchange, 19 were both seen in the first follow-up study
before PE exchange and in the second follow-up study after the PE
exchange. The mean time of follow-up of these knees was 14.0 ± 2 6
years (range 9.2-18.3) and the mean time of follow-up after PE exchange
was 2.6 years ± 1.6 (range 0.1-5.1).

4.2.1. Scoring systems
The American Knee Society Score 138 was used to evaluate the clinical
performance of the knee (Knee Score) and patient function (Function
Score) pre- and postoperatively and in the course of time (see Appendix
3). The Knee Score considers pain, stability and range of motion, with
deductions for flexion contractures, extension lag and malalignment.
The Knee Score ranges from 0 to 100 points. A patient with a well-aligned
knee with no pain, 125 degrees of motion and no anteroposterior or
mediolateral instability has a Knee Score of 100 points. A Knee Score of
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Figure 4.1. Number of knees and time of follow-up of patients seen at Tp by observer 1 (n=194) and at
Tc by observer 2 (n=97).
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100-85 points is considered excellent, a Knee Score of 84-70 points is
considered good, one of 60-69 points is considered fair and a score below
60 points is considered poor.

The Function Score ranges from 0 to 100 points. A patient with a
Function Score of 100 points has unlimited walking ability, is able to
climb stairs up and down normally, and uses no walking aids. The
patient function may be undermined by factors other than the knee in
question. For this reason, a categorization system is included. Patients
in category A have had one or both knees replaced and are relatively
healthy. Patients in category B have had one knee replaced with the
contralateral knee being symptomatic at the time of evaluation. Patients
in category C have multiple joint involvement or other systemic illness
that affects their functional status. The Knee Score is independent of
multiple joint involvement. The Function Score may decline with mul-
tiple joint involvement or generalized debility.

To evaluate the pain pre- and postoperatively and in the course of
time, the Pain Score of the American Knee Society Score and a Visual
Analogue Score (VAS) were used. In the Pain Score of the American
Knee Society Score the score is 50 points if a patient has no pain and 0
points if the patient has severe pain. The Visual Analogue Score was
obtained by measuring the distance between the end of a straight
horizontal and ungraded line of 10 cm length, which represents no pain
and the patients mark (see Figure 4.2). The VAS-Score was only scored
at follow-up. The Score ranges from 0 (no pain) to 10 (severe pain).

Figure 4.2. The VAS Score for pain was obtained by measuring the distance between the end of a 10-
cm long straight horizontal and ungraded line, which represents no pain and the patient’s mark.

Severe pain
(Worst possible pain)No pain

2.0 cm

VAS Pain Score = 2.0

The presence of anterior knee pain was only registered at follow-up.
Anterior knee pain was defined as pain around the patella occurring
for example when standing up, climbing stairs or cycling. Range of
motion, flexion and flexion contractures were evaluated pre- and
postoperatively. Range of motion was measured with a goniometer. All
values were expressed in degrees. Stability and alignment were
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evaluated using the American Knee Society Score. The score for
anteroposterior (AP) stability ranges from 0 (movement > 10 mm) to 10
points (movement < 5 mm). The mediolateral (ML) stability ranges from
0 (movement > 15°) to 15 points (movement < 5°). The score for alignment
ranges from 0 (valgus alignment 5° to 10°) to 20 points (varus or valgus
alignment > 15°) (see Appendix 3).

4.2.2 Statistical analysis
The pre- and postoperative Knee Score, Pain Score, Function Score and
Total Score, range of motion, flexion, flexion contractures, stability and
alignment were compared with a paired samples t-test. The difference
was considered significant if the p-value was <0.05.

Many factors may influence the clinical performance of the knee
joint and patient function after total knee replacement. We considered
the factors that might influence clinical performance:

- sex
- the primary diagnosis
- previous high tibial osteotomy
- previous synovectomy
- previous arthrotomy
- body weight
- age at the time of surgery
- time of follow-up
- exchange of the polyethylene insert (only in the second follow-up

study)

To study the influence of all above-mentioned factors on the Knee Score,
Pain Score, VAS Score, range of motion, flexion, flexion contractures,
Function Score and Total Score, a univariate analysis of variance
(ANOVA) was performed for each factor separately. A factor was
considered significant if the p-value was <0.05. The factors with a sig-
nificant influence will be mentioned in the text. To correct for the
influence of all factors together, a multilevel regression analysis was
performed. The analysis was performed as a multilevel analysis because
knees are nested within patients. The test statistic F-value and the p-
value will be presented in the tables. A factor was considered signifi-
cant if the p-value was <0 05.

To study the influence of all these factors on the presence of anterior
knee pain, a logistic regression analysis was performed for each factor
separately. A factor was considered significant if the p-value was <0.05.
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The factors with a significant influence will be mentioned in the text. To
correct for the influence of all factors together, a multilevel logistic
regression analysis was performed. The regression coefficients (B),
standard error (se) and p-value will be presented in the tables. The odds
ratio can be calculated with the formula eB. A factor was considered
significant if the p-value was <0.05.

The pre- and postoperative scores in patients with rheumatoid
arthritis and degenerative arthritis were compared with an independent
samples t-test. The difference in anterior knee pain in these patients
was evaluated with a logistic regression analysis. Differences were
considered significant if the p-value was <0.05.

The scores before and after PE exchange were evaluated with a paired
samples t-test. The difference in anterior knee pain was evaluated with
a Cochran’s Q-test. Differences were considered significant if the p-value
was <0.05.

4.3 RESULTS

4.3.1 Knee Score
The mean Knee Score of all patients seen in the first follow-up study at
Tp was 26.0 points ± 15.9 preoperatively and 78.6 points ± 15.5 at follow-
up. The mean Knee Score of all patients seen in the second follow-up
study at Tc was 27.6 points ± 17.1 preoperatively and 69.7 points ± 19.3
at follow-up (see Table 4.1). In both groups, the improvement of the
Knee Score at follow-up was significant compared to the Knee Score
preoperatively (paired samples t-test, p<0.001).

Table 4.1. Knee Score preoperatively (n=327) and at follow-up at Tp (n=194) and at Tc (n=97).

n Knee Score Knee Score p-value¹
(mean ± sd (min-max)) (mean ± sd (min-max))

preoperatively at follow-up

All patients 327 26.7 ± 15.9 (0-76)

Patients seen at Tp 194 26.0 ± 15.9 (0-70) 78.6 ± 15.5 (23-100) <0.001

Patients seen at Tc 97 27.6 ± 17.1 (0-70) 69.7 ± 19.3 (23-97) <0.001

¹ Paired samples t-test
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Preoperatively, none of the knees had an excellent Knee Score and
only 4 knees (1.2%) had a good Knee Score. At Tp, 139 knees (71.7%)
had an excellent or good Knee Score. At Tc, 59 knees (60.8%) had an
excellent or good Knee Score (see Table 4.2).

In the group of patients seen at Tp, female patients had a higher
Knee Score compared to male patients, and patients with degenerative
arthritis had a higher Knee Score on average compared to patients with
rheumatoid arthritis and other diagnoses, but the differences were not
significant. The Knee Score was lower in patients who had had an
arthrotomy or a synovectomy compared to patients who had not, but
the differences were not significant. High tibial osteotomy before total
knee replacement, body weight and time of follow-up did not have a
significant influence on the Knee Score.

In a univariate analysis of variance for each factor separately, patients
who had undergone a synovectomy and younger patients had a
significantly lower Knee Score on average compared to patients who
had not (F=4.36, p=0.038 and F=12.61, p<0.001 respectively).

Corrected for all factors in a multilevel regression analysis, the only
factor that had a significant influence on the Knee Score was age at the
time of surgery. Patients who were younger at the time of surgery had
significantly worse Knee Scores at follow-up (see Table 4.3 and Figure 4.3).

In the group of patients seen in the second follow-up study at Tc,
male patients, patients with degenerative arthritis and other diagnoses,
and patients who had had a PE exchange had a higher Knee Score on
average compared to female patients, patients with rheumatoid arthritis
and patients who did not have a PE exchange, but the differences were
not significant. The Knee Score was lower in patients who had undergone

Table 4.2. Number (%) of patients with an excellent, good, fair or poor Knee Score preoperatively (n=327),
at Tp (n=194) and at Tc (n=97).

Knee Score Preoperatively (n=327) Tp (n=194) Tc (n=97)

Excellent 0 (0%) 88 (45.4%) 22 (22.7%)

Good 4 (1.2%) 51 (26.3%) 37 (38.1%)

Fair 6 (1.8%) 33 (17.0%) 11 (11.3%)

Poor 317 (96.9%) 22 (11.3%) 27 (27.8%)
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Table 4.3. Multilevel regression analysis with the test statistic F-value and p-value of the factors that may
have an influence on the Knee Score in the group of patients seen in the first follow-up study at Tp (n=194
knees, 146 patients). Age at the time of surgery was the only significant factor.

Factors that may have an n Knee Score at Tp F-value p-value
influence on the Knee Score mean ± sd (min-max)

Sex 0.01 0.917
Male 28 76.1 ± 16.4 (43-99)
Female 118 79.1 ± 15.3 (23-100)

Primary diagnosis
Degenerative arthritis 62 81.2 ± 13.8 (38-100)
Rheumatoid arthritis 64 78.0 ± 16.5 (23-100) 0.02 0.880
Other 20 72.0 ± 14.5 (43-94) 2.41 0.128

Previous high tibial osteotomy 0.11 0.742
Yes 8 77.8 ± 12.0 (60-95)
No 186 78.6 ± 15.6 (23-100)

Previous synovectomy 0.34 0.562
Yes 18 71.4 ± 18.1 (44-97)
No 176 79.3 ± 15.1 (23-100)

Previous arthrotomy 0.66 0.421
Yes 25 74.9 ± 16.5 (43-97)
No 169 79.1 ± 15.3 (23-100)

Body weight 146 0.02 0.881

Age at the time of surgery 194 5.25 0.027

Time of follow-up 194 0.50 0.481
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Figure 4.3. The influence of age at the time of surgery as expressed by the Knee Score at Tp. Patients
who were younger at the time of surgery had significantly worse Knee Scores at follow-up.
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a high tibial osteotomy, a synovectomy or an arthrotomy compared to
patients who had not, but the differences were not significant either.
Body weight, age at the time of surgery and time of follow-up did not
have a significant influence on the Knee Score in the group of patients
seen at Tc (see Table 4.4).

Analyzing the course of the Knee Score in time in the first and second
follow-up studies separately shows no deterioration with a longer time
of follow-up within each group of patients. The mean Knee Score
remained higher than preoperatively even after 18 years of follow-up
(see Figure 4.4).

Table 4.4. Multilevel regression analysis with the test statistic F-value and p-value of the factors that may
have an influence on the Knee Score in the group of patients seen in the second follow-up study at Tc
(n=97 knees, 79 patients). None of the factors had a significant influence on the Knee Score.

Factors that may have an n Knee Score at Tc F-value p-value
influence on the Knee Score mean ± sd (min-max)

Sex 0.73 0.407
Male 13 74.2 ± 20.3 (38-97)
Female 66 68.9 ± 19.1 (23-95)

Primary diagnosis
Degenerative arthritis 33 71.8 ± 18.7 (25-95)
Rheumatoid arthritis 34 67.6 ± 19.1 (23-96) 0.55 0.470
Other   12 72.6 ± 22.3 (30-97) 0.02 0.885

Previous high tibial osteotomy 2.56 0.131
Yes 3 55.7 ± 27.2 (38-87)
No 94 70.1 ± 19.1 (23-97)

Previous synovectomy 0.34 0.568
Yes 15 64.9 ± 19.3 (28-94)
No 82 70.1 ± 19.3 (23-97)

Previous arthrotomy 1.32 0.269
Yes 13 66.7 ± 19.7 (38-95)
No 84 70.1 ± 19.3 (23-97)

PE exchange 0.69 0.418
Yes 22 72.7 ± 19.1 (25-97)
No 75 68.8 ± 19.4 (23-96)

Body weight 79 0.09 0.764

Age at the time of surgery 97 0.18 0.680

Time of follow-up 97 0.71 0.412
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4.3.2 Pain
4.3.2.1 Pain Score
Patients seen in the first follow-up study had a mean Pain Score of 11.6
points ± 8.8 preoperatively and 42.2 points ± 10.3 at follow-up. Patients
seen in the second follow-up study had a mean Pain Score of 11.3 points
± 9.3 preoperatively and 38.8 points ± 14.2 at follow-up. In both patient
groups the improvement in Pain Score at follow-up was significant
compared to the preoperative Pain Score (paired samples t-test, p<0.001).

Figure 4.4. Mean Knee Score preoperatively and at follow-up of patients seen in the first and second
follow-up studies. Within each group no deterioration of the Knee Score was seen in time. At follow-up,
the mean Knee Score remained higher postoperatively than preoperatively.
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Table 4.5. Pain Scores preoperatively (n=327) and at follow-up at Tp (n=194) and Tc (n=97). A significant
reduction in pain was seen at follow-up compared to the preoperative Pain Scores in both groups.

n Pain Score Pain Score p-value¹
(mean ± sd (min-max)) (mean ± sd (min-max))

preoperatively at follow-up

All patients 327 10.6 ± 8.9 (0-40)

Patients seen at Tp 194 11.6 ± 8.8 (0-30) 42.2 ± 10.3 (10-50) < 0.001

Patients seen at Tc 97 11.3 ± 9.3 (0-30) 38.8 ± 14.2 (0-50) < 0.001

¹ Paired samples t-test
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In the group of patients seen at Tp, the Pain Score in male and female
patients was equal. Patients with rheumatoid arthritis and other dia-
gnoses had slightly more pain compared to patients with degenerative
arthritis, but the differences were not significant. Patients who had had
a high tibial osteotomy before total knee replacement did not have
significantly more pain compared to patients who had not. Patients who
had undergone a synovectomy or an arthrotomy before total knee
arthroplasty had slightly more pain compared to patients who had not,
but the differences were not significant either. Body weight, age at the
time of surgery and time of follow-up did not have a significant influence
on the Pain Score (see Table 4.6).

Table 4.6. Multilevel regression analysis with the test statistic F-value and p-value of the factors that may
have an influence on the Pain Score in the group of patients seen in the first follow-up study at Tp (n=194
knees, 146 patients). None of the factors had a significant influence on the Pain Score.

Factors that may have an n Pain Score at Tp F-value p-value
influence on the Pain Score mean ± sd (min-max)

Sex 0.43 0.517
Male 28 42.2 ± 10.1 (10-50)
Female 118 42.2 ± 10.5 (10-50)

Primary diagnosis
Degenerative arthritis 62 43.2 ± 9.9 (10-50)
Rheumatoid arthritis 64 41.2 ± 10.7 (10-50) 0.43 0.517
Other 20 41.4 ± 10.6 (20-50) 0.13 0.716

Previous high tibial osteotomy 0.12 0.736
Yes 8 44.4 ± 6.2 (30-50)
No 186 42.1 ± 10.5 (10-50)

Previous synovectomy 0.09 0.768
Yes 18 38.9 ± 11.8 (20-50)
No 176 42.5 ± 10.2 (10-50)

Previous arthrotomy 0.04 0.841
Yes 25 40.8 ± 12.0 (10-50)
No 169 42.4 ± 10.1 (10-50)

Body weight 146 0.75 0.392

Age at the time of surgery 194 1.87 0.179

Time of follow-up 194 0.01 0.941
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Among the group of patients seen at Tc, female patients and patients
who had had a high tibial osteotomy or an arthrotomy had slightly more
pain compared to male patients and patients who had not had prior
surgery, but the differences were not significant. Diagnosis, synovectomy
before total knee replacement, PE exchange, body weight, age at the
time of surgery and time of follow-up did not have a significant influence
on the Pain Score (see Table 4.7).

Analyzing the course of the Pain Score in time in the first and second
follow-up studies separately shows no increase in pain with a longer
time of follow-up within each group of patients. In the course of time,
patients continued to have less pain than preoperatively (see Figure 4.5).

Table 4.7. Multilevel regression analysis with the test statistic F-value and p-value of the factors that may
have an influence on the Pain Score in the group of patients seen in the second follow-up study at Tc
(n=97 knees, 79 patients). None of the factors had a significant influence on the Pain Score.

Factors that may have an n Pain Score at Tc F-value p-value
influence on the Pain Score mean ± sd (min-max)

Sex 0.53 0.476
Male 13 41.0 ± 14.7 (10-50)
Female 66 38.4 ± 14.2 (0-50)

Primary diagnosis
Degenerative arthritis 33 37.2 ± 15.9 (0-50)
Rheumatoid arthritis 34 39.8 ± 13.0 (0-50) 0.40 0.536
Other 12 38.9 ± 15.2 (10-50) 0.01 0.927

Previous high tibial osteotomy 0.89 0.360
Yes 3 30.0 ± 20.0 (10-50)
No 94 39.0 ± 14.1 (0-50)

Previous synovectomy 0.02 0.895
Yes 15 41.3 ± 10.4 (10-50)
No 82 38.3 ± 14.8 (0-50)

Previous arthrotomy 1.29 0.274
Yes 13 34.6 ± 15.3 (10-50)
No 84 39.4 ± 14.1 (0-50)

PE exchange 0.07 0.788
Yes 22 38.0 ± 13.9 (10-50)
No 75 39.0± 14.4 (0-50)

Body weight 79 0.73 0.408

Age at the time of surgery 97 0.76 0.397

Time of follow-up 97 0.00 0.953
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4.3.2.2 VAS Score
In the group of patients seen in the first follow-up study at Tp, the mean
VAS Score for pain at follow-up was 1.7 points ± 1.9. Male patients,
patients with degenerative arthritis and other diagnoses, and patients
who had had a high tibial osteotomy, a synovectomy or an arthrotomy
before total knee replacement recorded slightly more pain on a VAS Score
compared to female patients, patients with rheumatoid arthritis and
patients who had not had prior surgery, but the differences were not
significant. Age at the time of surgery and time of follow-up did not
have a significant influence on the VAS Score for pain.

Heavier patients recorded more pain. In a logistic regression analysis
for each factor separately, body weight had a significant influence on
the VAS Score (F=4.12, p=0.044), but corrected for all factors in a multi-
level regression analysis the influence was not significant (see Table 4.8).

In the group of patients seen at Tc, the mean VAS Score was 3.0 points
± 2.7 at follow-up. Female patients, patients with degenerative arthritis,
patients who had had a high tibial osteotomy, a synovectomy, an
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Figure 4.5. Mean Pain Score preoperatively and at follow-up. Both within the group of patients seen at
Tp and at Tc, no increase in pain was seen in time. Patients continued to have significantly less pain
than preoperatively.
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arthrotomy or a PE exchange recorded slightly more pain compared to
male patients, patients with rheumatoid arthritis and other diagnoses,
and patients who had not had surgery before total knee replacement or
a PE exchange, but the differences were not significant. Body weight,
age at the time of surgery and time of follow-up did not have a signifi-
cant influence on the VAS Score (see Table 4.9).

Analyzing the course of the VAS Score in time in the first and second
follow-up studies separately shows no increase in pain with a longer
time of follow-up within each group of patients (see Figure 4.6).

Table 4.8. Multilevel regression analysis with the test statistic F-value and p-value of the factors that may
have an influence on the VAS Score for pain in the group of patients seen in the first follow-up study at Tp
(n=194 knees, 146 patients). None of the factors had a significant influence on the VAS Score.

Factors that may have an n VAS Score at Tp F-value p-value
influence on the VAS Score mean ± sd (min-max)

All patients 1.7 ± 1.9 (0-9)

Sex 0.93 0.339
Male 28 1.9 ± 1.9 (0-8)
Female 118 1.7 ± 1.9 (0-9)

Primary diagnosis
Degenerative arthritis 62 1.8 ± 2.1 (0-9)
Rheumatoid arthritis 64 1.6 ± 1.7 (0-8) 1.19 0.281
Other 20 2.0 ± 2.2 (0-8) 0.03 0.869

Previous high tibial osteotomy 0.00 0.961
Yes 8  2.4 ± 1.4 (0-4)
No 186 1.7 ± 1.9 (0-9)

Previous synovectomy 0.77 0.384
Yes 18 2.4 ± 2.0 (0-8)
No 176 1.6 ± 1.9 (0-9)

Previous arthrotomy 1.83 0.184
Yes 25 2.4 ± 2.6 (0-9)
No 169 1.6 ± 1.8 (0-8)

Body weight 146 2.71 0.107

Age at the time of surgery 194 3.62 0.064

Time of follow-up 194 0.00 0.971
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4.3.2.3 Anterior knee pain
Anterior knee pain was recorded at Tp in 32 knees (16.5%). Sex and
body weight had no significant influence on the presence of anterior
knee pain. Patients who had had a high tibial osteotomy or an arthrotomy
before total knee replacement and patients with a larger size prosthesis
recorded anterior knee pain more frequently, but the differences were
not significant.

In a logistic regression analysis for each factor separately, previous
synovectomy (B=1.623, se=0.523, p=0.002), age at the time of surgery

Table 4.9. Multilevel regression analysis with the test statistic F-value and p-value of the factors that may
have an influence on the VAS Score for pain in the group of patients seen in the second follow-up study
at Tc (n=97 knees, 79 patients). None of the factors had a significant influence on the VAS Score.

Factors that may have an n VAS Score at Tc F-value p-value
influence on the VAS Score mean ± sd (min-max)

All patients 97 3.0 ± 2.7 (0-10)

Sex 1.18 0.294
Male 13 2.5 ± 2.7 (0-7)
Female 66 3.1 ± 2.7 (0-10)

Primary diagnosis
Degenerative arthritis 33 3.4 ± 3.0 (0-10)
Rheumatoid arthritis 34 2.7 ± 2.5 (0-10) 0.11 0.742
Other 12 2.9 ± 2.8 (0-7) 0.13 0.719

Previous high tibial osteotomy 0.99 0.335
Yes 3 4.8 ± 3.3 (1-7)
No 94 2.9 ± 2.7 (0-10)

Previous synovectomy 0.43 0.521
Yes 15 3.2 ± 2.0 (0-7)
No 82 2.9 ± 2.8 (0-10)

Previous arthrotomy 0.64 0.437
Yes 13 3.6 ± 2.6 (0-7)
No 84 2.9 ± 2.7 (0-10)

PE exchange 1.14 0.302
Yes 22 3.7 ± 2.7 (0-9)
No 75 2.8 ± 2.7 (0-10)

Body weight 79 2.22 0.157

Age at the time of surgery 97 0.19 0.673

Time of follow-up 97 0.03 0.868
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(B=-0.033, se=0.012, p=0.006), time of follow-up (B=0.205, se=0.080,
p=0.011) and the primary diagnosis had a significant influence on the
presence of anterior knee pain.

Corrected for all factors in a multilevel regression analysis, the only
factor contributing significantly to the presence of anterior knee pain
was the primary diagnosis. Patients with rheumatoid arthritis and other
diagnoses had significantly more anterior knee pain compared to patients
with degenerative arthritis (18.8% and 35.0% versus 8.1%) (see Table
4.10).

In the group of patients seen at Tc, anterior knee pain was recorded
in 22 knees (22.7%). Male patients, patients who had had a high tibial
osteotomy or a synovectomy and younger patients recorded anterior
knee pain more often compared to female patients, and patients who
had not had a high tibial osteotomy or synovectomy, but the differences
were not significant. Diagnosis, arthrotomy before total knee replace-
ment, PE exchange, size of the prosthesis, body weight, and time of
follow-up did not have a significant influence on the presence of anterior
knee pain (see Table 4.11)
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Figure 4.6. VAS Scores and time of follow-up in patients seen at Tp and at Tc. For both groups, no
increase in pain is seen in the course of time.
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Table 4.10. Multilevel logistic regression analysis. Logistic regression coefficient (B), standard error (se)
and p-value of the relation between anterior knee pain and the factors that may contribute to the presence
of anterior knee pain in the first follow-up study (n=194 knees, 146 patients). Patients with rheumatoid
arthritis and other diagnoses had significantly more anterior knee pain compared to patients with
degenerative arthritis.

Factors that may influence n Anterior knee No anterior knee B se p-value
anterior knee pain pain at Tp pain at Tp

All patients 194 32 (16.5%) 162 (83.5%)

Sex 0.940 0.779 0.228
Male 28 4 (14.3%) 24 (85.7%)
Female 118 20 (16.9%) 98 (83.1%)

Diagnosis
Degenerative arthritis 62 5 (8.1%) 57 (91.9%)
Rheumatoid arthritis 64 12 (18.8%) 52 (81.2%) 1.471 0.731 0.044
Other 20 7 (35.0%) 13 (65.0%) 1.949 0.845 0.021

High tibial osteotomy 0.942 1.089 0.387
Yes 8 3 (37.5%) 5 (62.5%)
No 186 29 (15.6%) 157 (84.4%)

Synovectomy 1.168 0.761 0.125
Yes 18 8 (44.4%) 10 (55.6%)
No 176 24 (13.6%) 152 (86.4%)

Arthrotomy 0.662 0.697 0.342
Yes 25 7 (28.0%) 18 (72.0%)
No 169 25 (14.8%) 144 (85.2%)

Size prosthesis 0.727 0.561 0.195
Unknown 2 0 (0%) 2 (100%)
2 8 0 (0%) 8 (100%)
3 130 22 (16.9%) 108 (83.1%)
4 54 10 (18.5%) 44 (81.5%)

Body weight (kg) 146 69.8 ± 12.6 70.9 ± 13.2 0.017 0.023 0.460
mean ± sd (rmin-max) (50-100) (46-102)

Age at the time of surgery 194 53.2 ± 16.1 61.7 ± 14.9 -0.012 0.020 0.549
(years) mean ± sd (min-max) (22-81) (19-86)

Time of follow-up (years) 194 10.9 ± 2.3 9.6 ± 2.6 0.128 0.098 0.192
mean ± sd (min-max) (6.6-14.4) (5.1-15.5)
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Table 4.11. Multilevel logistic regression analysis. Logistic regression coefficient (B), standard error (se)
and p-value of the relation between anterior knee pain and the factors that may contribute to the presence
of anterior knee pain in the second follow-up study (n=97 knees, 79 patients). None of the factors had a
significant influence on the presence of anterior knee pain.

Factors that may influence n Anterior knee No anterior knee B se p-value
anterior knee pain pain at Tc pain at Tc

All patients 97 22 (22.7%) 75 (77.3%)

Sex -0.681 0.922 0.460
Male 13 4 (30.8%) 9 (69.2%)
Female 66 15 (22.7%) 51 (77.3%)

Diagnosis
Degenerative arthritis 33 9 (27.3%) 24 (72.7%)
Rheumatoid arthritis 34 8 (23.5%) 26 (76.5%) -1.062 0.902 0.239
Other 12 2 (16.7%) 10 (83.3%) -0.685 1.078 0.525

High tibial osteotomy 0.542 1.466 0.712
Yes 3 1 (33.3%) 2 (66.7%)
No 94 21 (22.3%) 73 (77.7%)

Synovectomy 1.124 0.839 0.180
Yes 15 6 (40.0%) 9 (60.0%)
No 82 16 (19.5%) 66 (80.5%)

Arthrotomy -0.718 0.938 0.444
Yes 13 2 (15.4%) 11 (84.6%)
No 84 20 (23.8%) 64 (76.2%)

PE exchange -0.013 0.692 0.985
Yes 22 5 (22.7%) 17 (77.3%)
No 75 17 (22.7%) 58 (77.3%)

Size prosthesis -0.133 0.626 0.832
Unknown 2 1 (50%) 1 (50%)
2 6 0 (0%) 6 (100%)
3 65 17 (26.2%) 48 (73.8%)
4 24 4 (16.7%) 20 (83.3%)

Body weight (kg) 79 68.5 ± 13.6 69.1 ± 12.5 -0.016 0.031 0.606
mean ± sd (min-max) (50-90) (46-102)

Age at the time of surgery 97 51.5 ± 19.4 56.2 ± 15.5 -0.019 0.025 0.447
(years) mean ± sd (min-max) (22-83) (19-84)

Time of follow-up (years) 97 13.5 ± 2.5 14.2 ± 2.6 -0.133 0.626 0.832
mean ± sd (min-max) (9.2-18.0) (10.0-18.7)
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4.3.3 Range of motion
The mean range of motion of all knees seen at Tp was 84.6º ± 27.2
preoperatively and 94.8º ± 22.6 at follow-up. The improvement in range
of motion at follow-up compared to the range of motion preoperatively
was significant in the first follow-up study (paired samples t-test,
p<0.001).

In the group of patients seen at Tc the mean range of motion
preoperatively was 83.8º ± 30.4 and 86.6º ± 25.6 at follow-up. In the
second study the improvement in range of motion at follow-up
compared to the range of motion preoperatively was not significant
(paired samples t-test, p=0.325) (see Table 4.12).

Analyzing the presence of anterior knee pain in time in the first and
second follow-up studies separately shows no significant increase in
the presence of anterior knee pain with a longer time of follow-up within
each group of patients (see Figure 4.7).
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Figure 4.7. Percentage of patients with anterior knee pain at follow-up in the first follow-up study at Tp
and in the second follow-up study at Tc. In the first follow-up study, an increase in the presence of
anterior knee pain was seen in the course of time. However, in a multilevel logistic regression analysis
the increase was not significant. In the second study no increase in anterior knee pain was seen.
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Table 4.12. Range of motion preoperatively and at follow-up in patients seen at Tp and at Tc. In the group
of patients seen at Tp a significant gain in range of motion was seen at follow-up compared to the preoperative
range of motion.

n Range of motion (°) Range of motion (°) p-value¹
(mean ± sd (min-max)) (mean ± sd (min-max))

preoperatively at follow-up

All patients 327 86.1 ± 28.0 (0-140)

Patients seen at Tp 194 84.6 ± 27.2 (0-135) 94.8 ± 22.6 (0-135) <0.001

Patients seen at Tc 97 83.8 ± 30.4 (0-135) 86.6 ± 25.6 (0-125) 0.325

¹ Paired samples t-test

In the group of patients seen at Tp, female patients, patients with
rheumatoid arthritis, patients who had had a high tibial osteotomy or a
synovectomy before total knee replacement had less range of motion at
follow-up compared to male patients, patients with degenerative arthritis
and other diagnoses and patients who had not had a high tibial
osteotomy or synovectomy, but the differences were not significant.
Arthrotomy prior to total knee replacement and time of follow-up did
not have a significant influence on the range of motion.

In a univariate analysis of variance for each factor separately, heavier
patients and younger patients had a significantly higher range of motion
(F=6.08, p=0.015 and F=8.71, p=0.004 respectively).

Corrected for all factors in a multilevel regression analysis, age at
the time of surgery was the only factor that had a significant influence
on the range of motion (see Table 4.13 and Figure 4.8).

In the group of patients seen at Tc, female patients, patients with
rheumatoid arthritis and patients who had had a synovectomy before
total knee replacement had less range of motion compared to male
patients, patients with degenerative arthritis and other diagnoses, and
patients who had not had a synovectomy, but the differences were not
significant. High tibial osteotomy or arthrotomy prior to total knee
replacement, age at the time of surgery and time of follow-up did not
have a significant influence on the range of motion.

In a univariate analysis of variance for each factor separately, patients
who had had a PE exchange had a significantly smaller range of motion
compared to patients with the original PE insert in situ, and heavier
patients had a significantly higher range of motion (F=4.49, p=0.037 and
F=8.50, p=0.004 respectively).
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Table 4.13. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the range of motion in the group of patients seen in the first follow-up study at
Tp (n=194 knees, 146 patients). Younger patients had a significantly worse range of motion at follow-up.

Factors that may have an n ROM (°) at Tp F-value p-value
influence on the ROM mean ± sd (min-max)

Sex 0.20 0.655
Male 28 97.8 ± 25.5 (40-135)
Female 118 94.2 ± 22.0 (0-125)

Diagnosis
Degenerative arthritis 62 96.0 ± 20.3 (40-125)
Rheumatoid arthritis 64 93.7 ± 24.4 (0-125) 2.76 0.104
Other 20 96.0 ± 22.3 (40-135) 1.59 0.215

Previous high tibial osteotomy 0.57 0.453
Yes 8 88.8 ± 17.3 (50-100)
No 186 95.1 ± 22.8 (0-135)

Previous synovectomy 0.11 0.736
Yes 18 85.6 ± 26.8 (40-125)
No 176 95.8 ± 22.0 (0-135)

Previous arthrotomy 0.47 0.495
Yes 25 99.8 ± 21.0 (40-135)
No 169 94.1 ± 22.8 (0-125)

Body weight 146 2.01 0.163

Age at the time of surgery 194 8.38 0.006

Time of follow-up 194 0.18 0.672
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Figure 4.8. Range of motion and age at the time of surgery in the group of patients seen at Tp. Patients
who were younger at the time of surgery had significantly less range of motion at follow-up.



8 9

Table 4.14. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the range of motion in the group of patients seen in the second follow-up study
at Tc (n= 97 knees, 79 patients). None of the factors had a significant influence on the range of motion.

Factors that may have an n ROM (°) at Tc F-value p-value
influence on the ROM mean ± sd (min-max)

Sex 0.76 0.396
Male 13 95.0 ± 22.4 (40-125)
Female 66 85.1 ± 26.0 (0-125)

Diagnosis
Degenerative arthritis 33 91.5 ± 20.8 (20-125)
Rheumatoid arthritis 34 81.3 ± 28.4 (0-120) 0.10 0.761
Other 12 95.4 ± 22.0 (40-125) 0.27 0.612

Previous high tibial osteotomy 0.46 0.507
Yes 3 103.3 ± 11.5 (90-110)
No 94 86.1 ± 25.8 (0-125)

Previous synovectomy 0.44 0.517
Yes 15 81.7 ± 32.2 (15-120)
No 82 87.5 ± 24.3 (0-125)

Previous arthrotomy 1.59 0.227
Yes 13 99.6 ± 26.1 (40-125)
No 84 84.6 ± 25.1 (0-120)

PE exchange 0.34 0.571
Yes 22 96.6 ± 22.1 (40-125)
No 75 83.7 ± 26.0 (0-120)

Body weight 79 1.52 0.236

Age at the time of surgery 97 2.43 0.140

Time of follow-up 97 0.16 0.698

Corrected for all factors in a multilevel regression analysis, none of
the factors had a significant influence on the range of motion (see Table
4.14).

Analyzing the range of motion in time in the first and second follow-
up studies separately shows no significant deterioration in range of
motion with a longer time of follow-up within each group of patients
(see Figure 4.9).
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4.3.3.1 Flexion
The mean flexion of all patients seen at Tp was 98.2º ± 20.4 preoperatively
and 97.0º ± 20.8 at follow-up. The difference in flexion preoperatively
and at follow-up in the first follow-up study was not significant
(p=0.452).

In the group of patients seen at Tc, the mean flexion preoperatively
was 97.4º ± 23.1 and 91.4º ± 21.5 at follow-up. The loss in flexion at
follow-up compared to the preoperative flexion in the group of patients
seen in the second follow-up study was significant (paired samples t-
test, p=0.021) (see Table 4.15).

Table 4.15. Flexion (°) preoperatively and at follow-up at Tp and at Tc. The loss of flexion at follow-up
compared to the preoperative flexion in the group of patients seen at Tc is significant.

n Flexion (°) Flexion (°) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 99.0 ± 21.9 (10-140)

Patients seen at Tp 194 98.2 ± 20.4 (15-140) 97.0 ± 20.8 (0-135) 0.452

Patients seen at Tc 97 97.4 ± 23.1 (15-135) 91.4 ± 21.5 (0-125) 0.021

¹ Paired samples t-test
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Figure 4.9. Range of motion and time of follow-up of the patients seen at Tp and at Tc. No significant
deterioration in range of motion was seen in the course of time within each group of patients.
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In the group of patients seen at Tp, female patients and patients
who had had a high tibial osteotomy or a synovectomy before total knee
replacement had less flexion at follow-up compared to male patients
and patients who had not had a high tibial osteotomy or a synovectomy,
but the differences were not significant. Diagnosis, arthrotomy prior to
knee replacement and time of follow-up did not have a significant
influence on the flexion at follow-up.

In a univariate analysis of variance for each factor separately, heavier
patients had significantly more flexion and younger patients had signi-
ficantly less flexion (F=4.58, p=0.034 and F=7.01, p=0.009 respectively).

Corrected for all factors in a multilevel regression analysis, age at
the time of surgery was the only factor that had a significant influence
on the flexion at follow-up (see Table 4.16 and Figure 4.10).

Table 4.16. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the flexion in the group of patients seen in the first follow-up study at Tp
(n=194 knees, 146 patients). Younger patients had significantly less flexion at follow-up.

Factors that may have an n Flexion (°) at Tp F-value p-value
influence on the flexion mean ± sd (min-max)

Sex 0.46 0.500
Male 28 100.2 ± 23.5 (45-135)
Female 118 96.3 ± 20.2 (0-135)

Diagnosis
Degenerative arthritis 62 97.7 ± 19.2 (45-125)
Rheumatoid arthritis 64 96.2 ± 22.5 (0-135) 2.76 0.104
Other 20 98.3 ± 18.9 (50-135) 1.50 0.227

Previous high tibial osteotomy 1.15 0.290
Yes 8 88.8 ± 17.3 (50-100)
No 186 97.4 ± 20.9 (0-135)

Previous synovectomy 0.48 0.492
Yes 18 91.7 ± 20.3 (60-125)
No 176 97.6 ± 20.8 (0-135)

Previous arthrotomy 0.89 0.351
Yes 25 102.2 ± 18.4 (50-135)
No 169 96.2 ± 21.1 (0-135)

Body weight 146 1.59 0.214

Age at the time of surgery 194 8.59 0.005

Time of follow-up 194 0.21 0.646
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Table 4.17. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the flexion in the group of patients seen in the second follow-up study at Tc (n=
97 knees, 79 patients). None of the factors had a significant influence on the flexion.

Factors that may have an n Flexion (°) at Tc F-value p-value
influence on the flexion mean ± sd (min-max)

Sex 0.24 0.637
Male 13 96.3 ± 20.7 (50-125)
Female 66 90.1 ± 21.7 (0-125)

Diagnosis
Degenerative arthritis 33 94.1 ± 17.7 (40-125)
Rheumatoid arthritis 34 87.8 ± 24.0 (0-120) 0.06 0.805
Other 12 99.6 ± 18.3 (50-125) 0.84 0.375

Previous high tibial osteotomy 0.31 0.586
Yes 3 103.3 ± 11.5 (90-110)
No 94 91.1 ± 21.7 (0-125)

Previous synovectomy 1.64 0.220
Yes 15 92.7 ± 17.2 (55-120)
No 82 91.2 ± 22.3 (0-125)

Previous arthrotomy 1.35 0.264
Yes 13 101.5 ± 22.5 (50-125)
No 84 89.9 ± 21.1 (0-120)

PE exchange 0.02 0.902
Yes 22 97.7 ± 21.6 (40-125)
No 75 89.6 ± 21.3 (0-120)

Body weight 79 0.85 0.372

Age at the time of surgery 97 0.97 0.341

Time of follow-up 97 0.20 0.659
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Figure 4.10. Flexion and age at the time of surgery in the group of patients seen at Tp. Patients who
were younger at the time of surgery had significantly less flexion at follow-up.
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In the group of patients seen at Tc, female patients and patients with
rheumatoid arthritis had less flexion at follow-up compared to male
patients and patients with degenerative arthritis or other diagnoses, but
the differences were not significant. Patients who had had a PE exchange
had more flexion compared to patients with the original PE insert in
situ, but the difference was not significant either. High tibial osteotomy,
synovectomy or arthrotomy prior to total knee replacement, body weight,
age at the time of surgery and time of follow-up did not have a signifi-
cant influence on the flexion at Tc (see Table 4.17).

Analyzing the flexion in time in the first and second follow-up stu-
dies separately shows no significant deterioration in flexion with a longer
time of follow-up within each group of patients (see Figure 4.11).
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Figure 4.11. Flexion and years of follow-up in the group of patients seen at Tp and at Tc. No significant
deterioration in flexion was seen in the course of time within each group of patients.

4.3.3.2 Flexion contractures
The knees seen in the first follow-up study at Tp had a mean flexion
contracture of 13.6º ± 12.8 preoperatively and 2.2º ± 6.7 at follow-up.
The knees seen in the second follow-up study at Tc had a mean flexion
contracture of 13.7º ± 14.1 preoperatively and 4.9º ± 9.5 at follow-up.
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The decrease in flexion contractures at follow-up compared to the flexion
contractures preoperatively was significant, both in the first and in the
second follow-up study (paired samples t-test, p<0.001) (see Table 4.18).

In the group of patients seen at Tp, patients with degenerative
arthritis had less flexion contractures compared to patients with
rheumatoid arthritis and other diagnoses, but the differences were not
significant. Sex, arthrotomy or high tibial osteotomy before total knee
replacement, body weight, age at the time of surgery and time of follow-
up had no significant influence on flexion contractures.

In a univariate analysis of variance for each factor separately, knees
that had had a synovectomy before total knee replacement had
significantly higher flexion contractures (F=7.11, p=0.008).

Corrected for all factors in a multilevel regression analysis, none of
the factors had a significant influence on flexion contractures at Tp (see
Table 4.19).

In the group of patients seen at Tc, male patients and patients with
degenerative arthritis had less flexion contractures compared to female
patients and patients with rheumatoid arthritis or other diagnoses, but
the differences were not significant. Arthrotomy or high tibial osteotomy
prior to total knee replacement, body weight and time of follow-up did
not have a significant influence on flexion contractures.

In a univariate analysis of variance for each factor separately, knees
that had had a synovectomy before total knee replacement, knees with

Table 4.18. Flexion contractures (°) preoperatively and at follow-up at Tp and at Tc. In both groups of
patients, the decrease in flexion contractures at follow-up compared to the preoperative flexion contractures
is significant.

n Flexion contracture (°) Flexion contracture (°) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 12.9 ± 11.8 (90-0)

Patients seen at Tp 194 13.6 ± 12.8 (90-0) 2.2 ± 6.7 (45-0) <0.001

Patients seen at Tc 97 13.7 ± 14.1 (90-0) 4.9 ± 9.5 (60-0) <0.001

¹ Paired samples t-test
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Table 4.19. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on flexion contractures in the group of patients seen in the first follow-up study at
Tp (n=194 knees, 146 patients). None of the factors had a significant influence on flexion contractures.

Factors that may have an n Flexion contracture (°) at Tp F-value p-value
influence on flexion contractures mean ± sd (min-max)

Sex 0.46 0.503
Male 28 2.4 ± 6.5 (30-0)
Female 118 2.2 ± 6.7 (45-0)

Diagnosis
Degenerative arthritis 62 1.7 ± 5.8 (30-0)
Rheumatoid arthritis 64 2.5 ± 7.5 (45-0) 0.18 0.671
Other 20 2.4 ± 5.4 (20-0) 0.16 0.695

Previous high tibial osteotomy 0.40 0.532
Yes 8 0.0 ± 0.0 (0-0)
No 186 2.3 ± 6.8 (45-0)

Previous synovectomy 2.00 0.164
Yes 18 6.1 ± 13.9 (45-0)
No 176 1.8 ± 5.3 (30-0)

Previous arthrotomy 0.28 0.601
Yes 25 2.4 ± 6.6 (30-0)
No 169 2.2 ± 6.7 (45-0)

Body weight 146 0.89 0.350

Age at the time of surgery 194 0.28 0.600

Time of follow-up 194 0.00 0.995

the original PE insert in situ and younger patients had significantly
higher flexion contractures compared to knees that had not had a
synovectomy, a PE exchange and older patients (F=8.08, p=0.005, F=4.55,
p=0.036 and F=5.89, p=0.017 respectively).

Corrected for all factors in a multilevel regression analysis, age at
the time of surgery was the only factor that had a significant influence
on flexion contractures at Tc (see Table 4.20 and Figure 4.12).

Analyzing the flexion contractures in time in the first and second
follow-up studies separately shows no significant increase in flexion
contractures with a longer time of follow-up within each group of
patients. The mean flexion contracture at follow-up remained below
the mean flexion contracture preoperatively in both patient groups (see
Figure 4.13).
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Table 4.20. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the flexion contractures in the group of patients seen in the second follow-up
study at Tc (n= 97 knees, 79 patients). Younger patients had significantly higher flexion contractures.

Factors that may have an n Flexion contracture (°) at Tc F-value p-value
influence on flexion contractures mean ± sd (min-max)

Sex 1.92 0.186
Male 13 1.3 ± 3.5 (10-0)
Female 66 5.5 ± 10.1 (60-0)

Diagnosis
Degenerative arthritis 33 2.7 ± 5.5 (20-0)
Rheumatoid arthritis 34 6.5 ± 11.5 (60-0) 0.16 0.697
Other 12 4.2 ± 7.6 (25-0) 0.65 0.433

Previous high tibial osteotomy 0.34 0.570
Yes 3 0.0 ± 0.0 (0-0)
No 94 5.0 ± 9.6 (60-0)

Previous synovectomy 1.53 0.235
Yes 15 11.0 ± 18.3 (60-0)
No 82 3.7 ± 6.3 (25-0)

Previous arthrotomy 0.51 0.486
Yes 13 1.9 ± 4.8 (15-0)
No 84 5.3 ± 9.9 (60-0)

PE exchange 4.07 0.062
Yes 22 1.1 ± 2.6 (10-0)
No 75 5.9 ± 10.4 (60-0)

Body weight 79 1.74 0.207

Age at the time of surgery 97 4.99 0.041

Time of follow-up 97 0.41 0.522
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Figure 4.12. Flexion contractures at Tc and age at the time of surgery. Patients who were younger at
the time of surgery had significantly more flexion contractures.
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4.3.4 Stability and alignment
In the group of patients seen at Tp, the mean score for stability in
anteroposterior (AP) direction was 7.6 points ± 2.9 preoperatively and
8.2 points ± 2.9 at follow-up. In the group of patients seen at Tc, the
mean score for stability in AP direction was 7.8 points ± 3.0
preoperatively and 8.5 points ± 2.9 at follow-up. In the group of patients
seen at Tp, the improvement in stability in AP direction at follow-up
compared to the stability pre-operatively was significant (paired samples
t-test, p=0.037), in the group of patients seen at Tc this was not signifi-
cant (p=0.096) (see Table 4.21).

In the group of patients seen at Tp, the mean score for stability in
mediolateral (ML) direction was 9.9 points ± 4.3 preoperatively and 12.7
points ± 3.6 at follow-up. In the group of patients seen at Tc, the mean
score for stability in ML direction was 10.1 points ± 4.5 preoperatively
and 11.9 points ± 4.2 at follow-up. In both groups of patients seen at Tp
and at Tc, the improvement in stability in ML direction at follow-up
compared to the ML stability preoperatively was significant (paired
samples t-test, p<0.001 and p=0.005 respectively) (see Table 4.22).

Figure 4.13. Flexion contractures and time of follow-up. Within the group of patients seen at Tp and at
Tc, no significant increase in flexion contracture was seen in time. The mean flexion contracture at
follow-up remained below the mean flexion contracture preoperatively in both patient groups.
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Table 4.22. Stability Score in mediolateral (ML) direction preoperatively and at follow-up. In both groups
of patients seen at Tp and at Tc, the improvement in ML stability at follow-up was significant compared
to the ML stability preoperatively.

n Stability score ML (points) Stability score ML (points) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 9.9 ± 4.6 (0-15)

Patients seen at Tp 194 9.9 ± 4.3 (0-15) 12.7 ± 3.6 (0-15) <0.001

Patients seen at Tc 97 10.1 ± 4.5 (0-15) 11.9 ± 4.2 (0-15) 0.005

¹ Paired samples t-test

In the group of patients seen at Tp, the mean score for alignment
was 11.6 points ± 9.2 preoperatively and 1.9 points ± 5.6 at follow-up. In
the group of patients seen at Tc, the mean score for alignment was 10.3
points ± 3.9 preoperatively and 3.9 points ± 7.0 at follow-up. In both
groups of patients seen at Tp and at Tc, the improvement in alignment
at follow-up compared to the alignment preoperatively was significant
(paired samples t-test, p<0.001) (see Table 4.23).

4.3.5 Function Score
The mean Function Score of all patients seen at Tp was 20.8 points ±
18.8 preoperatively and 36.2 points ± 30.0 at follow-up. The mean
Function Score of all patients seen at Tc was 22.1 points ± 20.6
preoperatively and 37.8 points ± 31.6 at follow-up. The improvement of
the Function Score at follow-up compared with the Function Score
preoperatively was significant in both follow-up studies (paired samples
t-test, p<0.001) (see Table 4.24).

Table 4.21. Stability score in anteroposterior (AP) direction preoperatively and at follow-up. In the group
of patients seen at Tp, the improvement in AP stability at follow-up was significant compared to the AP
stability preoperatively.

n Stability score AP (points) Stability score AP (points) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 7.7 ± 3.1 (0-10)

Patients seen at Tp 194 7.6 ± 2.9 (0-10) 8.2 ± 2.9 (0-10) 0.037

Patients seen at Tc 97 7.8 ± 3.0 (0-10) 8.5 ± 2.9 (0-10) 0.096

¹ Paired samples t-test
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Table 4.24. Function Score preoperatively and at follow-up. At Tp as well as at Tc, the Function Score
had improved significantly compared to the Function Score preoperatively.

n Function Score (points) Function Score (points) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 19.3 ± 18.5 (0-85)

Patients seen at Tp 194 20.8 ± 18.8 (0-85) 36.2 ± 30.0 (0-90) <0.001

Patients seen at Tc 97 22.1 ± 20.6 (0-85) 37.8 ± 31.6 (0-100) <0.001

¹ Paired samples t-test

Table 4.23. Alignment score preoperatively and at follow-up. Both at Tp and at Tc the alignment had
improved significantly compared to the alignment preoperatively.

n Alignment score (points) Alignment score (points) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 10.9 ± 9.4 (0-20)

Patients seen at Tp 194 11.6 ± 9.2 (0-20) 1.9 ± 5.6 (0-20) <0.001

Patients seen at Tc 97 10.3 ± 9.4 (0-20) 3.9 ± 7.0 (0-20) <0.001

¹ Paired samples t-test

In the group of patients seen at Tp, patients who had had a
synovectomy before total knee replacement had a higher Function Score
on average compared to patients who had not, but the difference was
not significant. Body weight did not have a significant influence on the
Function Score.

In a univariate analysis of variance for each factor separately, female
patients had significantly lower Function Scores compared to male
patients (F=9.73, p=0.002) and patients who had had a high tibial
osteotomy or an arthrotomy before total knee replacement had a
significantly higher Function Score compared to patients who had not
(F=7.98, p=0.005 and F=7.85, p=0.006 respectively). These factors were
not significant anymore in an analysis corrected for all factors that may
have an influence on the Function Score.

Corrected for all factors, patients with rheumatoid arthritis and
patients in categories B (symptomatic contralateral knee) and C (multi-
ple joint involvement) had significantly lower Function Scores compared
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to patients with degenerative arthritis and patients in category A
(unilateral involvement of the knee or successful replacement of the
contralateral knee). Younger patients and patients with other diagnoses
had significantly higher Function Scores compared to patients with
degenerative arthritis (see Figure 4.14). The Function Score decreased
significantly with a longer time of follow-up (see Table 4.25 and Figure
4.15).
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Figure 4.14. Function Score and age at the time of surgery at Tp (left) and at Tc (right). Both at Tp and
at Tc, patients who were younger at the time of surgery had a significantly higher Function Score
compared to older patients.
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Figure 4.15. Function Score and time of follow-up. In the group of patients seen at Tp, patients with a
longer time of follow-up had a significant decrease in Function Score (Multilevel regression analysis,
F=6.22, p=0.017). In the group of patients seen at Tc, no significant deterioration in Function Score
was seen (Multilevel regression analysis, F=0.00, p=0.998).
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Table 4.25. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the Function Score in the group of patients seen in the first follow-up study at
Tp (n=194 knees, 146 patients). Patients with rheumatoid arthritis and patients in categories B and C had
significantly lower Function Scores compared to patients with degenerative arthritis and patients in category
A. Younger patients and patients with other diagnoses had significantly higher Function Scores compared
to patients with degenerative arthritis. The Function Score decreased significantly with a longer time of
follow-up.

Factors that may have an n Function Score at Tp F-value p-value
influence on the Function Score mean ± sd (min-max)

Sex 0.48 0.491
Male 28 50.4 ± 33.3 (0-100)
Female 118 33.2 ± 28.4 (0-100)

Diagnosis
Degenerative arthritis 62 37.6 ± 29.7 (0-100)
Rheumatoid arthritis 64 29.2 ± 28.0 (0-100) 5.52 0.023
Other 20 63.8 ± 23.6 (0-90) 5.05 0.030

Category 8.33 0.004
A 21 60.9 ± 31.1 (0-100)
B 4 44.2 ± 33.7 (0-90)
C 116 31.8 ± 28.2 (0-90)
Unknown 5 42.9 ± 28.5 (5-85)

Previous high tibial osteotomy 0.97 0.330
Yes 8 65.0 ± 21.5 (20-90)
No 186 35.0 ± 29.7 (0-100)

Previous synovectomy 0.23 0.633
Yes 18 41.1 ± 27.9 (0-100)
No 176 35.7 ± 30.2 (0-100)

Previous arthrotomy 0.69 0.412
Yes 25 51.6 ± 30.1 (0-90)
No 169 33.9 ± 29.4 (0-100)

Body weight 146 0.12 0.730

Age at the time of surgery 194 15.21 <0.001

Time of follow-up 194 6.22 0.017

In the group of patients seen at Tc, male patients, patients with other
diagnoses and patients in category A had a higher Function Score on
average compared to female patients, patients with degenerative arthritis
and rheumatoid arthritis and patients in categories B and C, but the
differences were not significant. Previous high tibial osteotomy or
synovectomy, body weight and time of follow-up did not have a signi-
ficant influence on the Function Score in the group of patients seen at Tc
(see Figure 4.15).
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Table 4.26. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the Function Score in the group of patients seen in the second follow-up study
at Tc (n= 97 knees, 79 patients). Younger patients had significantly higher Function Scores.

Factors that may have an n Function Score at Tc F-value p-value
influence on the Function Score mean ± sd (min-max)

Sex 0.15 0.704
Male 13 52.3 ± 34.9 (0-100)
Female 66 35.1 ± 30.5 (0-100)

Diagnosis
Degenerative arthritis 33 32.7 ± 30.3 (0-100)
Rheumatoid arthritis 34 35.1 ± 30.8 (0-100) 0.21 0.655
Other 12 63.8 ± 28.6 (0-100) 2.94 0.107

Category 0.86 0.357
A 14 54.3 ± 43.2 (0-100)
B 3 16.0 ± 25.3 (0-60)
C 62 36.2 ± 28.6 (0-90)

Previous high tibial osteotomy 0.03 0.866
Yes 3 51.7 ± 46.5 (0-90)
No 94 37.3 ± 31.3 (0-100)

Previous synovectomy 0.65 0.431
Yes 15 48.7 ± 23.2 (20-90)
No 82 35.8 ± 32.7 (0-100)

Previous arthrotomy 1.19 0.292
Yes 13 61.5 ± 24.2 (0-90)
No 84 34.1 ± 31.2 (0-100)

PE exchange 0.59 0.454
Yes 22 53.9 ± 33.8 (0-100)
No 75 33.1 ± 29.6 (0-100)

Body weight 79 0.16 0.691

Age at the time of surgery 97 5.83 0.029

Time of follow-up 97 0.00 0.998

In a univariate analysis of variance for each factor separately, patients
who had had an arthrotomy before total knee replacement, patients who
had had a PE exchange and younger patients had a significantly higher
Function Score compared to patients who had not had an arthrotomy or
a PE exchange and older patients (F=9.179, p=0.003, F=7.872, p=0.006
and F=11.77, p=0.001 respectively).

Corrected for all factors that may have an influence on the Function
Score in a multilevel regression analysis, only age at the time of surgery
had a significant influence on the Function Score (see Table 4.26 and
Figure 4.14).
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Table 4.27. Total Score preoperatively and at follow-up. Both at Tp and at Tc, the improvement of the
Total Score at follow-up compared to the Total Score preoperatively was significant.

n Total Score (points) Total Score (points) p-value¹
mean ± sd (min-max) mean ± sd (min-max)

preoperatively at follow-up

All patients 327 46.0 ± 26.7 (0-132)

Patients seen at Tp 194 46.9 ± 26.1 (0-132) 114.8 ± 35.6 (33-197) <0.001

Patients seen at Tc 97 49.6 ± 26.8 (0-132) 107.5 ± 41.8 (25-197) <0.001

¹ Paired samples t-test

4.3.6 Total Score
The mean Total Score of all patients seen at Tp was 46.9 points ± 26.1
preoperatively and 114.8 points ± 35.6 at follow-up. The mean Total Score
of all patients seen at Tc was 49.6 points ± 26.8 preoperatively and 107.5
points ± 41.8 at follow-up. Both at Tp and at Tc, the improvement in
Total Score at follow-up compared with the Total Score preoperatively
was significant (paired samples t-test, p<0.001) (see Table 4.27).

In the group of patients seen at Tp, high tibial osteotomy, synovectomy
or arthrotomy before total knee replacement, body weight, age at the
time of surgery and time of follow-up did not have a significant influence
on the Total Score

In a univariate analysis of variance for each factor separately, male
patients and patients with degenerative arthritis and other diagnoses
had a significantly higher Total Score compared to female patients and
patients with rheumatoid arthritis (F=4.60, p=0.033 and F=6.70, p=0.002
respectively).

Corrected for all factors that may have an influence on the Total
Score in a multilevel regression analysis, none of the factors had a signi-
ficant influence (see Table 4.28).

In the group of patients seen at Tc, the Total Score in male patients
and patients with other diagnoses was higher compared to female
patients and patients with degenerative arthritis and rheumatoid
arthritis, but the differences were not significant. High tibial osteotomy,
synovectomy or arthrotomy before total knee replacement, PE exchange,
body weight, age at the time of surgery and time of follow-up did not
have a significant influence on the Total Score in the group of patients
seen at Tc (see Table 4.29).
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Table 4.28. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the Total Score in the group of patients seen in the first follow-up study at Tp
(n=194 knees, 146 patients). None of the factors had a significant influence on the Total Score.

Factors that may have an n Total Score at Tp F-value p-value
influence on the Total Score mean ± sd (min-max)

Sex 0.26 0.612
Male 28 126.6 ± 39.3 (45-189)
Female 118 112.3 ± 34.4 (33-197)

Diagnosis
Degenerative arthritis 62 118.8 ± 35.1 (38-197)
Rheumatoid arthritis 64 107.2 ± 35.2 (33-193) 3.87 0.055
Other 20 135.8 ± 30.0 (69-183) 1.00 0.322

Previous high tibial osteotomy 0.57 0.454
Yes 8 142.8 ± 25.1 (85-166)
No 186 113.6 ± 35.6 (33-197)

Previous synovectomy 0.58 0.449
Yes 18 112.5 ± 37.1 (59-193)
No 176 115.0 ± 35.6 (33-197)

Previous arthrotomy 0.59 0.448
Yes 25 126.5 ± 35.9 (45-180)
No 169 113.0 ± 35.4 (33-197)

Body weight 146 0.11 0.739

Age at the time of surgery 194 3.72 0.060

Time of follow-up 194 1.85 0.181
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Analyzing the Total Score in time in the first and second follow-up
studies separately shows no significant deterioration in Total Score with
a longer time of follow-up within each group of patients. The Total Score
at follow-up remained higher than the preoperative Total Score (see
Figure 4.16).

4.3.7 Scores in patients with degenerative arthritis and rheumatoid
arthritis
The preoperative Scores and the Scores at follow-up of all patients with
degenerative arthritis and rheumatoid arthritis seen in the first and
second follow-up study are listed in Tables 4.30 and 4.31. In the group

Table 4.29. Multilevel regression analysis with the test statistic F-value and p-value of the factors that
may have an influence on the Total Score in the group of patients seen in the second follow-up study at Tc
(n= 97 knees, 79 patients). None of the factors had a significant influence on the Total Score.

Factors that may have an n Total Score at Tc F-value p-value
influence on the Total Score mean ± sd (min-max)

Sex 0.26 0.618
Male 13 126.5 ± 45.0 (38-197)
Female 66 104.0 ± 40.5 (25-186)

Diagnosis
Degenerative arthritis 33 104.4 ± 41.4 (25-183)
Rheumatoid arthritis 34 102.7 ± 40.4 (27-186) 0.71 0.412
Other 12 136.3 ± 40.2 (53-197) 1.85 0.194

Previous high tibial osteotomy 0.43 0.520
Yes 3 107.3 ± 60.9 (38-152)
No 94 107.5 ± 41.5 (25-197)

Previous synovectomy 0.11 0.741
Yes 15 113.5 ± 35.4 (48-155)
No 82 106.4 ± 42.9 (25-197)

Previous arthrotomy 0.16 0.698
Yes 13 128.2 ± 36.7 (53-175)
No 84 104.3 ± 41.8 (25-197)

PE exchange 0.16 0.691
Yes 22 126.6 ± 46.4 (25-197)
No 75 101.9 ± 38.9 (27-186)

Body weight 79 0.17 0.689

Age at the time of surgery 97 3.38 0.086

Time of follow-up 97 0.02 0.882
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Figure 4.16. Total Score and time of follow-up. In both the first and second follow-up studies, no
significant deterioration in Total Score was seen in the course of time. At follow-up the Total Score
remained higher than the preoperative Total Score.

of patients seen in the first follow-up study at Tp, patients with
degenerative arthritis had a significantly better range of motion, flexion,
AP stability, Function Score and Total Score, and significantly less flexion
contractures preoperatively compared to patients with rheumatoid
arthritis. Patients with rheumatoid arthritis had a significantly better
alignment preoperatively. At follow-up, patients with degenerative
arthritis had a significantly better Total Score and significantly less
anterior knee pain. All other Scores were comparable.

In the group of patients seen in the second follow-up study at Tc,
patients with degenerative arthritis had a significantly better range of
motion, Function Score and Total Score, and significantly less flexion
contractures preoperatively compared to patients with rheumatoid
arthritis. Patients with rheumatoid arthritis had a significantly better
alignment preoperatively.

At follow-up, patients with degenerative arthritis had significantly
less flexion contractures and a significantly better AP stability compared
to patients with rheumatoid arthritis. All other Scores were comparable.
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Table 4.30. Differences in preoperative scores and scores at follow up of all patients with degenerative
arthritis and rheumatoid arthritis seen in the first follow-up study at Tp. Preoperatively, patients with
degenerative arthritis had a significantly better range of motion, flexion, AP stability, Function Score and
Total Score, and significantly less flexion contractures; patients with rheumatoid arthritis had a significantly
better alignment. At Tp, patients with degenerative arthritis had a significantly better Total Score and
significantly less anterior knee pain compared to patients with rheumatoid arthritis.

PREOPERATIVE SCORE (MEAN ± SD (MIN-MAX))

Degenerative arthritis (n=75) Rheumatoid arthritis (n=98) p-value¹

Knee Score 27.2 ± 15.6 (0-70) 25.1 ± 15.7 (0-65) 0.395

Pain Score 10.9 ± 7.6 (0-30) 11.9 ± 9.4 (0-30) 0.436

Range of motion (°) 92.7 ± 20.0 (40-130) 77.5 ± 29.6 (0-135) <0.001

Flexion (°) 101.9 ± 16.5 (45-140) 94.7 ± 21.7 (15-135) 0.018

Flexion contracture (°) 9.3 ± 9.3 (-30-0) 17.2 ± 14.2 (-90-0) <0.001

Stability AP 8.2 ± 2.4 (5-10) 7.1 ± 3.1 (0-10) 0.009

Stability ML 9.5 ± 4.5 (0-15) 10.3 ± 4.4 (0-15) 0.291

Alignment Score 14.2 ± 8.4 (0-20) 9.4 ± 9.3 (0-20) 0.001

Function Score 23.6 ± 16.3 (0-70) 14.8 ± 16.1 (0-60) 0.001

Total Score 50.8 ± 26.1 (5-123) 39.9 ± 23.3 (0-120) 0.005

SCORE AT FOLLOW-UP (TP) (MEAN ± SD (MIN-MAX))

Degenerative arthritis (n=75) Rheumatoid arthritis (n=98) p-value¹ p-value²

Knee Score 81.2 ± 13.8 (38-100) 78.0 ± 16.5 (23-100) 0.175

Pain Score 43.2 ± 9.9 (10-50) 41.6 ± 10.7 (10-50) 0.310

VAS Score 1.8 ± 2.1 (0-9) 1.6 ± 1.7 (0-8) 0.367

Range of motion (°) 96.0 ± 20.3 (40-125) 93.7 ± 24.4 (0-125) 0.505

Flexion (°) 97.7 ± 19.2 (45-125) 96.2 ± 22.5 (0-135) 0.631

Flexion contracture (°) 1.7 ± 5.8 (-30-0) 2.5 ± 7.5 (-45-0) 0.464

Stability AP 8.3 ± 2.7 (0-10) 8.4 ± 2.6 (0-10) 0.710

Stability ML 12.7 ± 3.6 (0-15) 13.0 ± 3.4 (0-15) 0.675

Alignment 1.3 ± 4.8 (0-20) 1.6 ± 5.2 (0-20) 0.713

Function Score 37.6 ± 29.7 (0-100) 29.2 ± 28.0 (0-100) 0.058

Total Score 118.8 ± 35.1 (38-197) 107.2 ± 35.2 (33-193) 0.033

Anterior knee pain 6.7% 20.4% 0.015

¹ Independent samples t-test ² Logistic regression analysis
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Table 4.31. Differences in preoperative scores and scores at follow up of all patients with degenerative
arthritis and rheumatoid arthritis seen in the second follow-up study at Tc. Preoperatively patients with
degenerative arthritis had a significantly better range of motion, Function- and Total Score and significantly
less flexion contractures and patients with rheumatoid arthritis had a significantly better alignment. At Tc,
patients with degenerative arthritis had significantly better AP stability and significantly less flexion
contractures compared to patients with rheumatoid arthritis.

PREOPERATIVE SCORE (MEAN ± SD (MIN-MAX))

Degenerative arthritis (n=34) Rheumatoid arthritis (n=51) p-value¹

Knee Score 30.7 ± 16.7 (1-64) 25.9 ± 15.9 (0-60) 0.192

Pain Score AKSS 11.2 ± 8.8 (0-30) 11.2 ± 9.1 (0-30) 1.000

Range of motion (°) 94.1 ± 21.0 (40-130) 77.3 ± 33.6 (0-135) 0.006

Flexion (°) 102.4 ± 18.0 (45-13) 94.7 ± 25.1 (15-135) 0.129

Flexion contracture (°) 8.2 ± 8.6 (-30-0) 17.5 ± 16.4 (-90-0) 0.001

Stability AP 8.4 ± 2.4 (5-10) 7.4 ± 3.4 (0-10) 0.102

Stability ML 10.3 ± 4.6 (0-15) 10.1 ± 4.6 (0-15) 0.196

Alignment Score 13.0 ± 8.9 (0-20) 8.3 ± 9.2 (0-20) 0.023

Function Score 26.8 ± 16.7 (0-70) 15.3 ± 18.0 (0-60) 0.004

Total Score 57.4 ± 26.5 (20-123) 41.2 ± 23.3 (0-100) 0.004

SCORE AT FOLLOW-UP (TC) (MEAN ± SD (MIN-MAX))

Degenerative arthritis (n=34) Rheumatoid arthritis (n=51) p-value¹ p-value²

Knee Score 71.8 ± 18.7 (25-95) 67.6 ± 19.1 (23-96) 0.325

Pain Score AKSS 37.2 ± 15.9 (0-50) 39.8 ± 13.0 (0-50) 0.412

VAS Score 3.4 ± 3.1 (0-10) 2.7 ± 2.5 (0-10) 0.257

Range of motion (°) 91.5 ± 20.8 (20-125) 81.3 ± 28.4 (0-120) 0.059

Flexion (°) 94.1 ± 17.7 (40-125) 87.8 ± 24.0 (0-120) 0.188

Flexion contracture (°) 2.7 ± 5.5 (-20-0) 6.7 ± 11.5 (-60-0) 0.044

Stability AP 9.3 ± 2.5 (0-15) 7.8 ± 3.4 (0-10) 0.028

Stability ML 11.9 ± 3.9 (0-15) 11.6 ± 4.5 (0-15) 0.719

Alignment 3.0 ± 6.3 (0-20) 4.1 ± 7.0 (0-20) 0.450

Function Score 32.7 ± 30.3 (0-100) 35.1 ± 30.8 (0-100) 0.719

Total Score 104.4 ± 41.4 (25-183) 102.7 ± 40.4 (27-186) 0.851

Anterior knee pain 26.5% 21.6% 0.602

¹ Independent samples t-test ² Logistic regression analysis
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4.3.8 Scores before and after polyethylene exchange
An exchange of the polyethylene insert was performed if significant
wear was seen radiographically in prostheses that had no clinical or
radiographic signs of loosening. After a PE exchange, no significant
change in Knee Score, Pain Score, VAS Score, range of motion, flexion,
extension, anteroposterior and mediolateral stability, alignment,
Function Score or Total Score was seen compared with the scores before
exchange (see Table 4.32).

Table 4.32. Clinical performance of the SKI prosthesis before and after exchange of the polyethylene
insert. No significant changes were seen after a PE exchange.

Before PE Exchange (n=19) After PE Exchange (n=19) p-value¹ p-value²

Knee Score 74.8 ± 15.9 (43-97) 73.5 ± 18.2 (25-97) 0.790

Pain Score AKSS 39.5 ± 10.4 (20-50) 38.7 ± 13.2 (10-50) 0.793

VAS Score for pain 2.4 ± 2.3 (0-7) 3.5 ± 2.7 (0-8) 0.185

Range of motion (°) 100.8 ± 19.2 (60-135) 98.9 ± 18.0 (60-125) 0.590

Flexion (°) 100.8 ± 19.2 (60-135) 100.0 ± 17.5 (60-125) 0.804

Flexion contracture (°) 0 ± 0 (0-0) 1.1 ± 2.7 (-10-0) 0.104

Stability AP 7.6 ± 3.1 (0-10) 8.2 ± 3.4 (0-10) 0.542

Stability ML 11.6 ± 4.1 (5-15) 11.8 ± 4.2 (0-15) 0.853

Alignment 3.2 ± 7.5 (0-20) 4.4 ± 7.0 (0-20) 0.408

Function Score 57.1 ± 26.6 (15-100) 55.5 ± 33.6 (0-100) 0.820

Total Score 131.9 ± 39.3 (58-197) 129.1 ± 44.0 (25-197) 0.776

Anterior knee pain 26.3% 21.1% 0.705

¹ Paired samples t-test ² Cochran’s Q-test

Analyzing the Knee Score in time before and after a PE exchange
shows a slight decrease in Knee Score before the exchange, but the
deterioration is not significant (ANOVA, p=0.329). No deterioration of
the Knee Score in the course of time was seen after the PE exchange,
even after five years of follow-up (ANOVA, p=0.929) (see Figure 4.17).
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4.4 DISCUSSION

If the results of the first follow-up study at Tp are compared with the
results of the second follow-up study at Tc, there seems to be a
deterioration in clinical performance in time. Patients seen at Tc had a
lower Knee Score and Total Score, a smaller range of motion, an increase
in pain on the VAS Score and more flexion contractures compared to
the patients seen at Tp. However, these results cannot be compared,
because of two reasons:
1. The patients seen in the second follow-up study (Group III) were

younger at the time of surgery, they had had more previous surgery,
and there were relatively more patients with degenerative arthritis
compared to the group of patients who were only seen in the first
follow-up study (Group II) (see Appendix 2). Analysis of the results
of the group of patients seen in the second follow-up study (Group
III), when seen at Tp, showed that these patients already had a
significantly lower Knee Score and Pain Score, significantly less range
of motion and flexion, and a significantly higher VAS Score for pain
at Tp compared to the patients who were only seen in the first follow-
up study (Group II-A). The patients in Group III also had a signifi-
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Figure 4.17. Knee Score before and after PE exchange. A slight decrease in the Knee Score is seen
before PE exchange, but the deterioration was not significant (ANOVA, p=0.329). No deterioration in
the Knee Score was seen after PE exchange (ANOVA, p=0.929).
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Table 4.33. Mean scores at Tp of the group of patients only seen in the first follow-up study (Group II-A)
and the patients seen at both follow-up studies (Group III). The patients in Group III already had
significantly lower Knee Scores and Pain Scores, significantly less range of motion and flexion, and a
significantly higher VAS Score for pain at Tp compared to the patients in Group II-A. The patients in
Group III also had a significantly higher Function Score at Tp compared to the patients in Group II-A.

SCORE AT Tp (MEAN ± SD (MIN-MAX))

Patients only seen at Tp Patients seen at Tp  and Tc p-value¹ p-value²
(Group II-A) (n=97) (Group III) (n=97)

Knee Score 82.6 ± 12.2 (45-100) 74.6 ± 17.3 (23-99) < 0.001

Pain Score AKSS 44.5 ± 8.4 (10-50) 39.9 ± 11.6 (10-50) 0.002

Range of motion (°) 99.2 ± 17.9 (45-125) 90.4 ± 25.8 (0-135) 0.006

Flexion (°) 101.4 ± 16.3 (45-135) 92.6 ± 23.8 (0-135) 0.003

Flexion contracture (°) 2.2 ± 6.3 (30-0) 2.2 ± 6.9 (45-0) 0.957

Function Score 31.0 ± 30.1 (0-90) 41.3 ± 29.2 (0-100) 0.016

Total Score 113.6 ± 33.4 (45-180) 115.9 ± 37.9 (33-197) 0.656

VAS Score for pain 1.3 ± 1.4 (0-5) 2.1 ± 2.3 (0-9) 0.001

Anterior knee pain 13 (13.4%) 19 (19.6%) 0.248

¹ Independent samples t-test ² Logistic regression analysis

cantly higher Function Score at Tp compared to the patients in Group
II-A (see Table 4.33). Therefore, the group of patients who were seen
in the second follow-up study can be considered a selection of
patients who already had a worse clinical performance but a higher
Function Score at the first follow-up study.

2. The patients were seen by two different observers at two separate
moments. Liow et al. 140 found a high inter-observer variation in the
Knee Score of the American Knee Society Score. They stated that if
two different observers saw a patient at two visits, a change was
real if it exceeded 22 points. However, they included nurses and
inexperienced observers in their study. If they were excluded from
this study, the inter-observer agreement was fair to moderate.In our
study, the interobserver variation of the two investigators was not
known. Because time of follow-up and interobserver variation could
not be separated in this study, it was not possible to ascribe the
deterioration in clinical performance to interobserver variation or to
a deterioration of the clinical performance in time.
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Analyzing the results in the course of time within the group of patients
seen at Tp and at Tc, we only found a significant deterioration of the
Function Score in time in the group of patients seen at Tp. This might be
caused by ageing of the patients. All other scores showed no significant
deterioration in time. All scores were significantly higher at follow-up
compared with the preoperative scores, except for the flexion in the group
of patients seen at Tp and the range of motion and AP stability in the
group of patients seen at Tc.

In this study a univariate analysis of variance and a logistic regression
analysis was performed for each factor separately. We also performed a
multilevel analysis to correct for the influence of all factors together
and to correct for patient factors and knee factors. Several factors that
seemed significant in the first analyses turned out to be not significant
in the multilevel analyses. This means that the clinical performance of a
knee prosthesis is dependent on many different factors, which must be
taken into account when analyzing the long-term outcome.

Some authors stated that male patients benefit more from total knee
arthroplasty than female patients 145-147. In the Swedish Knee Arthroplasty
Register, men had a higher revision rate than women 148;149. In our study,
male patients had a higher Function Score and Total Score, but in a mul-
tilevel regression analysis the difference was not significant. Comparing
the clinical performance of the SKI prosthesis in male and female patients
shows no significant differences in this study. The differences may have
not been detected because there were proportionately more women than
men (80.8% of the patients was female at Tp and 83.5% at Tc).

Joint replacement in patients with rheumatoid arthritis is often
thought to provide better long-term durability when compared with
joint replacement in patients with degenerative arthritis because of the
low demand status of patients with rheumatoid arthritis. This is
supported by the long-term functional scores documented for these
patients when compared with the scores in patients with degenerative
arthritis 150-152. Other authors reported that patients with degenerative
arthritis did better than those with rheumatoid arthritis 153;154. Nafei et
al. 155 reported a 97% survivorship of total knee arthroplasty in patients
with degenerative arthritis versus a 87% survivorship at 12 years for patients
with rheumatoid arthritis. Several authors 156-158 claim no difference exists.
In Chapter 3 we found no significant difference in revision rate between
patients with rheumatoid arthritis and patients with degenerative
arthritis. Comparison of the clinical performance of the SKI prosthesis
in patients with rheumatoid arthritis and degenerative arthritis showed
that patients with degenerative arthritis seen in the first follow-up study
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had significantly less anterior knee pain and a significantly higher
Function Score at follow-up. These differences were not seen in the
second follow-up study. Preoperatively, patients with rheumatoid
arthritis had a significantly smaller range of motion, significantly less
flexion, significantly more flexion contractures and significantly lower
Function Score and Total Score in both follow-up studies. At follow-up
the outcome in patients with rheumatoid arthritis and degenerative
arthritis was comparable, although patients with rheumatoid arthritis
complained of anterior knee pain more frequently. We have no
explanation for the higher amount of anterior knee pain in patients with
rheumatoid arthritis. As the preoperative scores in patients with rheuma-
toid arthritis were significantly worse compared to patients with
degenerative arthritis, patients with rheumatoid arthritis benefit more
from total knee replacement compared to patients with degenerative
arthritis.

Several authors have studied the results of total knee arthroplasty
after previous high tibial osteotomy with different results. Total knee
replacement after high tibial osteotomy may be technically difficult,
because the knee may be tight, the patellar tendon may be short and
access to the lateral compartment may be difficult 159-162. Rotation and
inclination of the tibial plateau may be confusing 162;163. There may be
bone loss or overcorrection 164;165, and a quadricepsplasty or other
extended exposures may be necessary 166-169. Some authors report inferior
results in patients who have undergone previous high tibial osteotomy
160-162. Other authors report similar results after total knee replacement
with or without a previous high tibial osteotomy 163;170-172. In our study
we found no significant difference between patients who had had a
high tibial osteotomy before total knee replacement and patients who
had not.

Nelissen 173 found a worse range of motion and a higher percentage
of early complications in total knee arthroplasty after synovectomy. In
our study, patients who had had a synovectomy prior to total knee
replacement had a worse Knee Score on average, more anterior knee
pain and more flexion contractures in the first follow-up study. However,
in a multilevel regression and a multilevel logistic regression analysis
none of these differences appeared to be significant.

An arthrotomy performed before total knee replacement may induce
scar tissue formation and consequently cause more complications. In
our study, an arthrotomy (excluding a synovectomy) performed before
total knee replacement had no significant influence on the clinical
performance of the SKI prosthesis at follow-up.
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Increased body weight may induce wear, and wear may cause aseptic
loosening of the prosthesis (see Chapter 3). Deshmuck et al. 174 and
Stickles et al. 175 showed no substantial influence of body weight on
short-term outcome. In our study, patients with increased body weight
seemed to have more pain on a VAS score, but corrected for all factors
we found no significant influence of body weight on the clinical
performance of the SKI prosthesis.

Short- to intermediate-term results in patients 55 years or younger
have been reported to be in the good-to-excellent range in 98 to 100% of
total knee replacements 110;176-178. Promising results for total knee
arthroplasty in young patients were found by other authors 179-181, but
this may also be associated with many problems, including patello-
femoral symptoms, polyethylene wear and aseptic loosening of the
prosthesis in young active individuals 182;183. In our first follow-up study,
younger patients with a SKI prosthesis had significantly lower Knee
Scores, and significantly less range of motion and flexion. A multilevel
regression analysis showed no significant influence of the diagnosis on
the clinical performance. Consequently, the worse clinical performance
in younger patients could not be attributed to the higher amount of
patients with rheumatoid arthritis in this group of patients. We also
found that younger patients had a significantly better Function Score at
follow-up. In Chapter 3 we already found that younger patients and
patients with a higher activity level had significantly more wear. We
also found that wear contributed to aseptic loosening. Younger patients
not only have a higher risk of aseptic loosening due to increased activity
level which may cause more wear, they also have a worse clinical
performance.

In this study no significant difference was found between patients
who had had a PE exchange and patients who had the original PE insert
in situ. Patients who had had a PE exchange seemed to have a higher
Function Score, but corrected for all other factors the difference was not
significant. No significant difference in clinical performance was found
before and after a PE exchange, except for an increase in anterior knee
pain after a PE exchange. We have no explanation for this. However,
these latter results must be interpreted with caution, because they were
obtained by two different observers and there may be an interobserver
variation. Babis et al. 117 found a high rate of early failure after isolated
tibial insert exchange. In our study we not only found no aseptic
loosening of the prosthesis after a PE exchange (see Chapter 3), we also
found no deterioration of the Knee Score in time.
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4.5 CONCLUSIONS

Total knee replacement with the SKI prosthesis provides a significant
decrease in pain and a significant improvement in range of motion,
stability, alignment and patient function in patients with primary and
secondary knee arthritis. The improvement in clinical performance is
durable, except for a slight decrease in patient function in time.

The clinical performance after total knee replacement is influenced
by many different factors. Evaluating the influence of a single factor on
the result of total knee replacement may show significant differences,
which may not be significant if other factors are taken into account.
Evaluation of the long-term clinical outcome at different moments by
different observers may affect the outcome not only by interobserver
variability, but also by patient selection.

Taking into account all factors that might influence the clinical
performance, no significant difference in clinical performance was seen
between male and female patients, between patients with degenerative
arthritis, rheumatoid arthritis and other diagnoses, or between patients
who had had a previous high tibial osteotomy, a synovectomy, an
arthrotomy or a PE exchange and patients who had not. Younger patients
had a significantly worse clinical performance after total knee replace-
ment with the SKI prosthesis, especially less range of motion and less
flexion. Younger patients had a significantly better Function Score at
follow-up, which may increase wear and the risk of aseptic loosening.

Patients with rheumatoid arthritis and patients with degenerative
arthritis have comparable outcome after total knee replacement with
the SKI prosthesis, but patients with rheumatoid arthritis benefit more
from total knee replacement with the SKI prosthesis compared to patients
with degenerative arthritis.

After a PE exchange, no change in clinical performance of the SKI
prosthesis was seen compared to the clinical performance before PE
exchange. No significant deterioration of the clinical performance in time
was seen after a PE exchange at follow-up.
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Chapter 5

Radiographic Examination:

Alignment and Wear
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5.1 INTRODUCTION

Next to the clinical performance of an arthroplasty, which relies on
symptoms such as pain at rest and during walking, range of motion
and stability, the value of radiographic analysis is of prime importance.
Correlating the clinical symptoms with the radiographic findings can
render a rather accurate estimate of the (stable) fixation of the prosthesis
in the bone and the (change of) position of the components of the
prosthesis relative to each other, inside the bone and relative to the
loading axis of the extremity. To this end, in this chapter and the next a
description will be offered of the way wear, alignment of the prosthesis,
the loading axis of the extremity and radiolucencies can be studied
radiographically in vivo.

Wear is the abrasion of material that occurs as a result of the relative
motion between two opposing surfaces under load. Most studies on
polyethylene wear in total knee replacement are analyses of failed
prostheses in retrieval analyses (93-96). To analyze the factors that might
influence wear and wear rate, studies should not only be performed in
failed prostheses, but also in the remaining group of patients with the
knee prosthesis in situ. To analyze the factors that may have an influence
on wear and wear rate in patients with the knee prosthesis in situ, the
amount of wear must be quantified first. Radiographically, the distance
between the metal femoral and tibial components represents the
remaining PE thickness. By subtracting the remaining PE thickness from
the original PE thickness, the amount of wear can be quantified. The
remaining PE thickness can only be measured on a true AP radiograph
in a weight-bearing patient, with the X-ray beam perfectly parallel to
the metal tibial tray. On most radiographs at routine outpatient visits,
these conditions are not fulfilled. In this chapter we will first describe
the methods used to fluoroscopically centralize the SKI knee prosthesis
(section 5.2).

In section 5.3 the reliability of the radiographic measurements of
the PE thickness was determined by comparing the original thickness
of different unused inserts with radiographic measurements of the PE
thickness of these unused inserts.

The alignment of the leg can be determined by measuring the
femorotibial angle (FTA), which represents the varus or valgus angle of
the lower extremity. To determine the influence of the alignment of the
leg on wear and wear rate after total knee replacement, the measurements
of the FTA on short and full-length leg radiographs were compared first
(see section 5.4). The FTA can be drawn through the true anatomical
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axes of the femur and tibia and through the knee center. Intramedullary
guidance instruments, used to align a knee prosthesis, are entered into
the knee center. Therefore we also compared the difference with
measuring the FTA through the true anatomical axes of the femur and
tibia and through the knee center (see section 5.4).

In section 3.3.9 the factors that might contribute to wear were
already described. In section 5.5 the factors that might contribute to wear
and wear rate were analyzed in the selected group of patients with
fluoroscopically centralized radiographs seen at Tc. In section 5.6 the
influence of the alignment of the prosthesis in the bone on the wear rate
will be described. Finally, the influence of the alignment of the leg on
the wear rate will be described in section 5.7.

5.2 TECHNIQUE OF RADIOGRAPHIC EXAMINATION

At follow-up four radiographs were taken of each knee:
1. A standing, full-length leg radiograph of the lower extremity taken

with the patella facing forward.
2. A fluoroscopically centralized anteroposterior (AP) radiograph. To

centralize the knee prosthesis, the leg was rotated on a board under
fluoroscopic control, until the anterior and posterior sides of the
raised border were projected in parallel fashion (see Figure 5.1a-c).
After this, the fluoroscopic beam was rotated in the saggital plane
until it was parallel with the surface of the tibial tray. When the beam
was perfectly parallel with the tibial tray, the X-ray was taken (see
Figure 5.1d).

3. A fluoroscopically centralized lateral radiograph. To centralize the
knee prosthesis in the lateral view, the leg was rotated on a board
until the fixation pegs of the femoral component were parallel. The
fluoroscopic beam was then moved in the coronal plane until it was
parallel with the tibial tray. When the beam was perfectly parallel
with the tibial tray, the X-ray was taken (see Figure 5.2a-b).

4. An axial view of the patella with the knee in 45° flexion (skyline
view) 184 (see Figure 5.3).
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Figure 5.1a-d. Fluoroscopic centralizing of the knee prosthesis in the AP view. On a standard X-ray
that is not centralized, it is not possible to determine the amount of wear (Figure 5.1a). To centralize
the knee prosthesis, the leg was rotated on a board under fluoroscopic control (Figure 5.1b) until the
anterior and posterior sides were projected in parallel fashion (see arrow) (Figure 5.1c). After this, the
fluoroscopic beam was rotated in the saggital plane until it was parallel with the surface of the tibial
tray. When the beam was perfectly parallel with the tibial tray, the X-ray was taken (Fig 5.1d).

Fig. 5.1a Fig. 5.1b

Fig. 5.1c Fig. 5.1d

�

�
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Figure 5.3. Skyline view of the patella. The knee is bent at 45° and the X-ray beam is directed axially
toward the patella.

Figure 5.2a-b. Fluoroscopic centralizing of the knee prosthesis in the lateral view. On a standard X-
ray that is not centralized, the position of the components cannot be determined accurately (Figure
5.2a). To centralize the radiograph, the leg was rotated on a board and the fluoroscopic beam was
moved in the coronal plane until the fixation pegs of the femoral components were parallel and the X-
ray beam was perfectly parallel with the tibial tray (Figure 5.2b).

Fig. 5.2a Fig. 5.2b
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5.3 RELIABILITY OF THE RADIOGRAPHIC MEASUREMENTS

With a fluoroscopically centralized radiograph, the thickness of the PE
can be determined radiographically, by measuring the distance between
the metal femoral and tibial components of the prosthesis. To determine
the reliability of the measurements of the PE thickness on a radiograph,
we first determined the original thickness of unused PE inserts. With
the radiographic measurements and the original thickness of these
unused inserts, an intraclass correlation coefficient could be calculated
to determine if the thickness of the PE measured on a radiograph
corresponded with the true thickness.

5.3.1 Determination of the original thickness of the polyethylene insert
To determine the original thickness of the polyethylene insert, we first
measured the loaded area of different unused PE inserts with a Vernier
calliper. We found an actual thickness of the loaded portion of the
polyethylene of 2.0 ± 0.04 mm for size 7, a thickness of 4.0 ± 0.03 mm for
size 9, a thickness of 6.0 ± 0.04 mm for size 11 and a thickness of 8.0 ±
0.08 mm for size 13 (see Table 5.1).

Table 5.1. Actual thicknesses of different unused PE inserts as measured with a Vernier calliper.

Size Original thickness n
mean ± sd

7 2.0 ± 0.04 5

9 4.0 ± 0.03 12

11 6.0 ± 0.04 6

13 8.0 ± 0.08 13

5.3.2 Radiographic measurement of the thickness of the polyethylene
insert
To determine the thickness of the unused PE inserts radiographically,
we made X-rays of different unused SKI prostheses positioned in an
empty bottle. The prosthesis was centralized as described above. To
determine the thickness of the PE, the smallest distance between the
metal femoral condyle and the tibial tray (h) was measured.
Magnification was corrected for by dividing the measured width of the
tibial tray (w) by the original width (see Figure 5.4).
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At radiographic examination of different unused PE inserts, we
found a thickness of 2.0 ± 0.00 mm for size 7, a thickness of 4.0 ± 0.04
mm for size 9, a thickness of 6.0 ± 0.08 mm for size 11 and a thickness of
8.0 ± 0.15 mm for size 13 (see Table 5.2).

Figure 5.4. The thickness of the PE insert radiographically was calculated by the formula: h/(w/original
width of the tibial tray).

Table 5.2. Projected thicknesses of different unused PE inserts as measured on radiographs.

Size Thickness measured radiographically n
 mean ± sd

7 2.0 ± 0.00 2

9 4.0 ± 0.04 25

11 6.0 ± 0.08 6

13 8.0 ± 0.15 8

w

h
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5.3.3 Determination of the intraclass correlation coefficient
Reliability of the radiographic measurements compared to the original
thickness was determined with an intraclass correlation coefficient 185.
With an analysis of variance, no significant difference was found bet-
ween measurements with a Vernier calliper and those on a radiograph
(p=0.971). Because no difference was found between these methods of
measurement, an intraclass correlation coefficient could be determined
in a one-way model for the average score. The intraclass correlation
coefficient for measurement of the PE thickness with a Vernier calliper
and on a radiograph was 0.999.

5.3.4 Discussion
Bartel et al. 71 found an increase in stresses on the polyethylene with
decreasing thickness. They recommended a polyethylene thickness of
at least eight to ten millimeters. The original thickness of the load-bearing
area of the PE insert of the SKI prosthesis we found was only 2.0 and 4.0
mm for the sizes 7 and 9, which were used mostly (see Appendix 1).
This is far less than the recommended thickness.

There is little information about in vivo wear measurement, because
of practical issues related to the patient’s positioning and reproduction
of the X-ray beam projection 97. Because of the raised border on the tibial
plateau of the SKI prosthesis it can be centralized fluoroscopically. The
PE thickness of the SKI prosthesis could be measured accurately on a
fluoroscopically centralized X-ray (intraclass correlation coefficient =
0.999). When manufacturers of knee prostheses add a marker to the PE
insert in future designs, it is possible to centralize the knee prosthesis
radiographically to be able to determine the amount of wear in vivo.

5.3.5 Conclusions
The PE thickness of the SKI prosthesis is far less than the recommended
eight to ten millimeters for the sizes 7, 9 and 11.

The PE thickness of the SKI prosthesis can be measured accurately
on a fluoroscopically centralized X-ray, with an intraclass correlation
coefficient of 0.999.

5.4 SHORT OR FULL-LENGTH LEG RADIOGRAPHS?

Alignment of the leg can be determined on full-length leg and short
radiographs by measuring the femoro-tibial angle (FTA). It represents
the varus or valgus angle of the lower extremity. In some studies no



125

significant difference was found between measurements of the FTA on
long and short radiographs 3, but in other studies significant differences
were found 173;188;189. In this study the differences between measurements
on a long and a short radiograph were determined.

With an intramedullary guidance instrument a knee prosthesis is
aligned through the knee center. We also determined the differences
between measuring the FTA through the true anatomical axes of the
femur and tibia and through the knee center.

The FTA is the angle on the lateral side between the femoral
anatomical axis and the tibial anatomical axis. The anatomical axis of
the shaft can be drawn in two different ways:
1. through four points representing the shaft centers of the femur and

tibia. The point of intersection of these lines may be beyond the knee
center (see Figure 5.5a and 5.5c).

2. through two points representing the shaft centers of the femur and
tibia, and the knee center. The knee center can be defined as the
intersection of the line through the center of the stem of the tibial
component and the line touching both femoral condyles (see Figure
5.5b and 5.5d).

We analyzed the difference between the FTAs measured in four diffe-
rent ways:
- FTA I: the anatomical axis was drawn through the femoral and tibial

shaft centers on a full-length leg radiograph (see Figure 5.5a).
- FTA II: the anatomical axis was drawn through the femoral and tibial

shaft centers and the knee center and on a full-length leg radiograph
(see Figure 5.5b).

- FTA III: the anatomical axis was drawn through the femoral and
tibial shaft centers on a short radiograph (see Figure 5.5c).

- FTA IV: the anatomical axis was drawn through the femoral and
tibial shaft centers and the knee center on a short radiograph (see
Figure 5.5d).

FTA I represents the true anatomical axis. To determine the position of
the knee prosthesis intraoperatively with an intramedullary guidance
instrument, the knee is aligned through the lines representing FTA II.

To determine the difference between the FTA measured on a full-
length leg radiograph and the FTA measured on a short radiograph (FTA
I versus III and FTA II versus IV), a paired samples t-test was used. The
difference between the true anatomical axis (FTA I) and the axis used to
determine the alignment of the prosthesis with an intramedullary
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Fig. 5.5a

Fig. 5.5dFig. 5.5c

Fig. 5.5b

Figure 5.5a-d.
5.5a: FTA I: the anatomical axis is drawn through the femoral and tibial shaft centers on a full-length

leg radiograph.
5.5b: FTA II: the anatomical axis is drawn through the femoral and tibial shaft centers and the knee

center and on a full-length leg radiograph.
5.5c: FTA III: the anatomical axis is drawn through the femoral and tibial shaft centers on a short

radiograph.
5.5d: FTA IV: the anatomical axis is drawn through the femoral and tibial shaft centers and the knee

center on a short radiograph.
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guidance instrument (FTA II) was determined with a paired samples t-
test. A difference was considered significant if the p-value was <0.05.

To know how much FTA I and III, II and IV, and I and II differed, a
Bland Altman 186 plot was drawn. In this plot, the differences between
two measurements are plotted against their mean. The mean difference
and the standard deviation of the differences estimate the bias. In 68
knees of the patients seen in the second follow-up study, the set of X-

Table 5.3. Mean values of FTA I, II, III and IV measured in 68 knees. Comparing the FTA measured on a
full-length leg radiograph with the FTA measured on a short radiograph (FTA I with III and FTA II with
IV) shows a significant difference. Measuring the FTA through the true anatomical axis of the femur and
tibia (FTA I) shows a significant difference with the FTA measured through the center of the knee (FTA II).

femoro-tibial angle (FTA) FTA II FTA III
mean ± sd (min-max)

FTA I 172.1 ± 6.1 (153-184) * *

FTA II 174.1 ± 5.1 (160-187)

FTA III 175.1 ± 5.4 (159-190)

FTA IV 177.3 ± 4.1 (167-190) *

* p-value <0.001, paired samples t-test

rays was complete, to measure all four different FTA angles.

5.4.1 Results
The mean values of FTA I, II, III and IV are listed in Table 5.3. The FTA
measured on a full-length leg radiograph (FTA I and II) was smaller on
average, compared with the FTA measured on a short radiograph (FTA
III and IV). The difference between the FTA measured on a full-length
leg radiograph and the FTA measured on a short radiograph (FTA I ver-
sus III and FTA II versus IV) was significant (p<0.001).

The difference between the FTA measured through the true
anatomical axis of the femur and tibia (FTA I) and the axis measured
through the center of the knee, used to align a knee prosthesis with an
intramedullary guidance instrument (FTA II), was significant too
(p<0.001).

The mean difference between FTA I and FTA III was 3.0° ± 3.1. This
means that the measurements of the FTA on a short radiograph through
the true anatomical axis of the femur and tibia may be 9.2° above or 3.3°
below the measurements of the FTA on a full-length leg radiograph (see
Figure 5.6).
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Figure 5.6. Bland Altman plot of FTA I and
III. Measurements of the FTA on a short
radiograph through the true anatomical axis
of the femur and tibia may be 9.2° above or
3.3° below the measurements of the FTA on
a full-length leg radiograph, with a mean
difference of 3.0°.

Figure 5.7. Bland Altman plot of FTA II and
IV. Measurements of the FTA on a short
radiograph through the knee center may be
8.8° above or 2.5° below the measurements
of the FTA on a full-length leg radiograph,
with a mean difference of 3.2°.

Figure 5.8. Bland Altman plot of FTA I and
II. Measurements of the FTA measured
through the knee center may be 5.8° above
or 2.3° below the FTA on a full-length leg
radiograph through the true anatomical axis
of the femur and tibia, with a mean difference
of 1.8°.
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The mean difference between FTA II and FTA IV was 3.2° ± 2.8. This
means that measurements of the FTA on a short radiograph through the
knee center may be 8.8° above or 2.5° below the measurements of the
FTA on a full-length leg radiograph (see Figure 5.7).

The mean difference between FTA I and II was 1.8° ± 2.0. This means
that the measurements of the FTA measured through the knee center
may be 5.8° above or 2.3° below the FTA on a full-length leg radiograph
through the true anatomical axis of the femur and tibia (see Figure 5.8)

5.4.2 Discussion
To determine the varus or valgus angle of the lower extremity, FTA I is
probably the most reliable measurement, because it is measured through
the true anatomical axes of the femur and tibia on a full-length leg
radiograph. Measuring the FTA on a short radiograph may under-
estimate or overestimate the femoro-tibial angle by bowing of the tibia
or femur, previous tibial osteotomies or flexion contractures 173;173;187;188.
Some authors 3 found no significant difference between measurements
on long and short radiographs, but others 173;188;189 found significant
differences. In our study, a difference of 3.0° ± 3.1 was found between
measurements of the FTA on long and short radiographs if the FTA was
measured through the true anatomical axes of the femur and the tibia,
and a difference of 3.2° ± 2.8 if the FTA was measured through the knee
center. Clinically this is a large difference.

Moreland et al. 90 stated that the anatomical axis of the femur did
not pass through the center of the knee. To position a knee prosthesis,
the intramedullary guidance instruments are entered into the knee cen-
ter of the femur and tibia. Comparison of the measurements of the FTA
through the true anatomical axis (FTA I) and the axis guided by an
intramedullary rod through the knee center (FTA II) shows a significant
difference, with a mean of 1.8° ± 2.0.

5.4.3 Conclusions
In our study, the FTA cannot be measured on a short radiograph. With
an intramedullary guidance instrument, a knee prosthesis is not aligned
through the real anatomical axis of the femur and tibia. The mean FTA
determined with an intramedullary guidance instrument through the
knee center is 1.8° ± 2.0 higher compared to the FTA through the true
anatomical axis of the femur and tibia.
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Table 5.4. Number of knees with and without wear.

Wear No wear

Exchange of the PE insert (n=17) n=40
> 2mm loss in height radiographically (n=14)

Total 31 (43.7%) 40 (56.3%)

5.5 WEAR AND WEAR RATE

With the reliable radiographic measurement of wear in vivo as described
in section 5.3, we were able to analyze the factors that might have an
influence on the presence of wear and on the wear rate.

5.5.1 Materials and methods
5.5.1.1 Patient characteristics
All patients seen in the second follow-up study were included in the
radiographic study. At Tc, 79 patients (97 knees) were available for
follow-up. Eleven patients (12 knees) were seen at home without
radiographic examination, leaving 68 patients (85 knees) available for
radiographic examination of the SKI prosthesis. Of all the knees available
for radiographic examination, the wear could not be determined in 14
knees because of flexion contractures or because they were not properly
centralized, incomplete or taken in a non-weight bearing position. This
left 58 patients (71 knees) available for determination of wear and wear
rate. All details of the patients included in the radiographic study are
described in Appendix 2.

The mean time of follow-up of the patients included in the radio-
graphic study was 14.0 ± 2.5 years (range 10.0-19.1). Of all the knees
included in the radiographic study, 18 knees (21.2%) had had an
exchange of the PE insert prior to radiographic examination. In 12 of
these knees the wear rate could also be determined on fluoroscopically
centralized X-rays in the first follow-up study, before PE exchange.

5.5.1.2 Determining the amount of wear and wear rate
To determine the thickness of the PE insert at follow-up, the smallest
distance between the metal femoral condyle and the tibial tray on the
fluoroscopically centralized AP radiograph was measured. This was
done for the medial and for the lateral side. Magnification was corrected
by dividing the measured width of the tibial tray by the known width
(see Figure 5.4). To determine the amount of wear, the distance measured
on the radiograph was subtracted from the original thickness of the PE
insert (see section 5.3), giving the wear in millimeters.



131

By measuring both the medial and lateral side of the PE insert, we
occasionally found that the measured thickness was more than the
original thickness. This is probably due to lift-off of the femoral compo-
nent, which is already seen at very small eccentric loads and can be
caused by implant design and soft-tissue laxity 190-193. Therefore, to
determine the amount of wear of each prosthesis we only used the
amount of wear measured on the loaded side.

Knees with wear were determined as knees that had had a PE
exchange or knees with a loss in height of the PE insert > 2 mm
radiographically. The limit was set at 2 mm, because this means a loss
of the total height of the thinnest available insert. A loss in height of less
than 2 mm could also be caused by creep or surface deformation and
may not be caused by wear 101;102. The annual wear rate was determined
by dividing the total amount of wear by the number of years the
prosthesis was in situ. If there had been a PE exchange, the total amount
of wear was divided by the number of years after a PE exchange.

5.5.2 Statistical analysis
We analyzed and considered the factors that may influence and
contribute to the presence of wear and the wear rate (see section 3.2.3):
- the primary diagnosis
- sex
- body weight
- age at the time of surgery
- activity level *

- PE thickness
- time of follow-up
- screw loosening

To analyze the factors that might contribute to the presence of wear, a
univariate logistic regression analysis at knee level was performed for
each factor separately. To correct for all factors that might influence the
presence of wear, a multivariate logistic regression analysis was
performed. The regression coefficients (B), standard error (se) and p-
value will be presented in Table 5.5. The odds ratio can be calculated by
the formula eB. A factor was considered significant if the p-value was
<0.05.

* To determine the activity level of the patients, we used the Function Score of the American Knee
Society Score (see Appendix 3 and Chapter 4).
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Table 5.6. Wear rate in all knees available for radiographic examination of wear (n=71). The wear rate
was determined in knees with wear (n=31) and without wear (n=40). No significant difference in wear
rates was found before and after a PE exchange (n=12).

n Mean wear rate (mm/year) ± sd (min-max)

All knees 71 0.14 ± 0.25 (0.00-1.50)

Prostheses with wear: 31 0.29 ± 0.33 (0.04-1.50)
No PE exchange² 14 0.24 ± 0.21 (0.08-0.89)
After PE exchange (at Tc) 17 0.27 ± 0.43 (0.00-1.50)¹

Before PE exchange 12 0.16 ± 0.11 (0.04-0.45)¹

Prostheses with no wear or slight wear³ 40 0.05 ± 0.04 (0.00-0.17)

¹ Paired samples t-test, p=0.219
² > 2 mm loss in height of the PE insert at radiographic examination
³ < 2 mm loss in height of the PE insert at radiographic examination

Table 5.5. Multivariate logistic regression analysis with the Logistic regression coefficient (B), standard
error (se) and p-value of the relation between the presence of wear and the factors that may influence the
presence of wear in 71 knees. The only significant factor that contributed to the presence of wear was
screw loosening.

n Wear n (%) No wear n (%) B se p-value

Diagnosis
Degenerative arthritis 26 15 (57.7%) 11 (42.3%)
Rheumatoid arthritis 35 12 (34.3%) 23 (65.7%) -0.594 0.879 0.499
Other 10 4 (40.0%) 6 (60.0%) -0.949 0.973 0.330

Sex
Male 14 9 (62.3%) 5 (35.7%)
Female 57 22 (38.6%) 35 (61.4%) 0.655 0.876   0.455

Body weight 71 76.0 ± 14.2 68.0 ± 10.5 0.034 0.030 0.256
(mean ± sd (min-max)) (46-102) (52-90)

Age at the time of surgery 71 54.8 ± 14.6 57.9 ± 14.9 -0.022 0.027 0.424
(mean ± sd (min-max)) (28-84) (24-83)

Function Score 71 51.7 ± 25.7 41.2 ± 29.1 0.016 0.012 0.181
(mean ± sd (min-max)) (0-100) (0-90)

PE thickness 71 -0.018 0.197 0.929
7 31 (54.4%) 26 (45.6%)
9 7 (70.0%) 3 (30.0%)
11 1 (50.0%) 1 (50.0%)
13 1 (50.0%) 1 (50.0%)

Time of follow-up 71 13.7 ± 2.6 14.3 ± 2.5 -0.037 0.122 0.760
(mean ± sd (min-max)) (10-19) (10-19)

Screw loosening
Yes 13 11 (84.6%) 2 (15.4%)
No 58 20 (34.5%) 38 (65.5%) -2.194 0.884 0.013
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To analyze the factors that might influence the wear rate, a univariate
analysis of variance (ANOVA) was performed at knee level for each
factor separately and for all factors together. The test statistic F-value
and the p-value will be presented in Table 5.7. A factor was considered
significant if the p-value was <0.05.

5.5.3 Results
5.5.3.1 Presence of wear
Of all knees available for the analysis of wear, 31 knees (43.7%) had
wear and 40 knees (56.3%) had no wear or slight wear. The group of
knees with wear consisted of 17 knees that had had an exchange of the
PE insert and 14 knees that had a loss in height of the PE insert > 2 mm
at radiographic examination (see Table 5.4).

In the group of patients included in the radiographic analysis, in
patients with degenerative arthritis more wear was seen compared to
patients with rheumatoid arthritis and other diagnoses, more wear was
seen in male patients compared to female patients and patients with
wear were younger on average, but the differences were not significant.
The PE thickness had no influence on the presence of wear.

In a logistic regression analysis, patients with increased body weight
had significantly more wear (p=0.009), patients with a higher activity
level had significantly more wear (p=0.027), and knees with screw
loosening had significantly more wear (p=0.004). Corrected for all factors,
the only significant factor contributing to the presence of wear was
loosening of the screw. Wear was seen in 84.6% of the knees with screw
loosening, while 34.5% of the knees with a fixed screw had wear (see
Table 5.5).

5.5.3.2 Wear rate
The mean annual wear rate of all prostheses included in the radiographic
analysis was 0.14 ± 0.25 mm. The mean annual wear rate of all prostheses
with wear was 0.29 ± 0.33 mm (n=31). For prostheses with wear with
the original PE insert in situ, the annual wear rate was 0.24 ± 0.21 mm
(n=14). For prostheses with wear that had an exchange of the PE insert
this was 0.27 ± 0.43 mm (n=17) after the exchange. In 12 of the knees
that had a PE exchange, in which the wear rate could also be determined
before exchange, we found an annual wear rate of 0.16 ± 0.11 mm.
Although the mean wear rate seemed to increase after PE exchange, a
paired t-test showed no significant difference between the wear rates
before and after exchange of the PE insert (p=0.219). The mean annual
wear rate of prostheses with no wear or slight wear was 0.05 ± 0.04 mm
(n=40) (see Table 5.6).
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5.5.4 Discussion
In Chapter 3 we found that patients with wear had a significantly higher
activity level, were younger at the time of surgery and had significantly
more screw loosening. In the group of patients available for radiographic
examination, patients with wear had a higher activity level, were slightly
younger at the time of surgery, had more body weight, and had more

Table 5.7. Univariate analysis of variance with the test statistic F-value and p-value of the factors that
might influence the wear rate, corrected for all factors (n=71).

Factors that may have an n Annual wear rate (mm) F-value p-value
influence on the wear rate mean ± sd (min-max)

Diagnosis 0.514 0.601
Degenerative arthritis 26 0.17 ± 0.19 (0.00-0.89)
Rheumatoid arthritis 35 0.14 ± 0.31 (0.00-1.50)
Other 10 0.07 ± 0.08 (0.00-0.22)

Sex
Male 14 0.15 ± 0.13 (0.01-0.50)
Female 57 0.14 ± 0.27 (0.00-1.50)   0.077   0.783

Body weight 71 0.011 0.919

Age at the time of surgery 71 1.545 0.219

Function Score 71 0.019 0.892

PE thickness 0.490 0.486
7 56 0.13 ± 0.26 (0.00-1.50)
9 10 0.12 ± 0.12 (0.00-0.31)
11 2 0.46 ± 0.61 (0.03-0.89)
13 2 0.17 ± 0.12 (0.09-0.25)

Time of follow-up 71 0.498 0.483

Screw loosening
Yes 13 0.39 ± 0.45 (0.04-1.50)
No 58 0.09 ± 0.13 (0.00-0.89)   15.474   <0.001

Patients with degenerative arthritis had a higher annual wear rate
compared to patients with rheumatoid arthritis and other diagnoses,
but the difference was not significant. Sex, body weight, age at the time
of surgery, activity level, PE thickness and time of follow-up had no
significant influence on the wear rate.

The only factor that had a significant influence on the wear rate was
screw loosening. Knees with screw loosening had an annual wear rate
that was more than four times higher compared to knees with a fixed
screw (0.39 ± 0.45 mm versus 0.09 ± 0.13 mm) (see Table 5.7).
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screw loosening. Corrected for all factors, the only factor that had signi-
ficant influence on the presence of wear and the wear rate was screw
loosening. The group of patients included in the radiographic study is a
selection of patients with the longest follow-up time. Therefore, activity
level and age at the time of surgery may not be significant anymore in
this selected group of patients. Knees with loosening of the screw had a
wear rate that was more than four times higher compared to knees with
a fixed screw. Knees with screw loosening had a mean annual wear rate
of 0.39 mm. This means a full thickness wear of the thinnest PE insert in
five years. The wear rate in knees with screw loosening may even be
higher, because some of the screws were tightened again or locked.

Most studies about polyethylene wear in total knee replacement are
retrieval analyses. Benjamin et al. 194 found an average annual wear rate
of 0.35 mm in 33 retrieved polyethylene inserts from three different
posterior cruciate-retaining knee systems. Few reports have been
published about in vivo polyethylene wear in total knee replacement.
Hoshino et al. 97 used a computer-vision technique and found an annual
wear rate of 0.23 mm. Matsuda et al. 195 found an annual wear rate of
0.13 mm in 20 posterior cruciate-retaining knee prostheses on a standard
AP radiograph after a mean follow-up of 7 years. Sanzen et al. 196

described the amount of wear in 158 PCA knees with fluoroscopically
guided X-ray measurement. After a mean follow-up of 7 years, they
found an average wear of 1.4 mm at the medial compartment and an
average wear of 0.7 mm at the lateral component in patients with
degenerative arthritis. In patients with rheumatoid arthritis they found
an average wear of 0.7 mm at the medial compartment and an average
wear of 0.4 mm at the lateral component. The annual wear rate is not
described, but it is similar to our results from a rough calculation. In
our study we found a mean annual wear rate of 0.14 ± 0.25 mm for all
prostheses that were available for radiographic analysis. Prostheses with
wear had a mean annual wear rate of 0.29 ± 0.33 mm. After a PE exchange
there seemed to be an increase in the wear rate, but this was not signifi-
cant.

To determine the wear rate, we assumed a linear wear rate in time.
However, the wear rate may be non-linear, with an increase if wear is
already present. The amount of wear can only be determined accurately
on fluoroscopically centralized X-rays. Because most of radiographs that
were made on earlier outpatient visits were not centralized fluoro-
scopically, we were not able to determine the course of the wear rate in
time.
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5.5.5 Conclusions
The annual wear rate of all knees included in the radiographic analysis
was 0.14 mm. The annual wear rate for prostheses with wear was 0.29
mm. No significant change in wear rate was seen after a PE exchange.

In the group of patients included in the radiographic analysis,
loosening of the screw was the only factor that contributed significantly
to the presence of wear and the wear rate. Knees with loosening of the
screw had a wear rate that was more than four times higher compared
to knees with a fixed screw. We were not able to determine the course of
the wear rate in time.

5.6 WEAR AND ALIGNMENT OF THE PROSTHESIS

In the next section, the relation between the wear rate and the alignment
of the femoral and tibial components on the AP and lateral fluoroscopically
centralized radiographs will be described.

5.6.1 Material and Methods
5.6.1.1 Patient characteristics
To analyze the most homogeneous group of knees to determine the
influence of alignment of the prosthesis on the wear rate, the analysis
was performed in knees that had had no PE exchange (54 knees, 47
patients). The patient characteristics are described in Appendix 2. The
mean time of follow-up of these patients was 14.0 years ± 2.6 (range
10.0-19.1).

5.6.1.2 Alignment of the prosthesis
The position of the prosthesis was determined on the short, fluoro-
scopically centralized AP and lateral radiographs, as recommended by
the Knee Society 197 (see Figure 5.9).

The anatomical axes of the femur and tibia were drawn through
two points representing the shaft centers of the distal femur and the
proximal tibia. On the AP radiograph, the position of the femoral com-
ponent was determined by the angle on the medial side between the
anatomical axis of the femur and the line touching both condyles (angle
α). The position of the tibial component was determined by the angle
on the medial side between the anatomical axis of the tibia and the line
parallel to the tibial tray (angle β).

On the lateral radiograph the position of the femoral component
was determined by angle γ, that of the tibial component by angle σ.
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β

σ

γ

α

Figure 5.9.  Angles α, β, γ and σ:
- Angle α represents the position of the femoral component in the AP view: the angle on the medial

side between the anatomical axis of the femur and the line touching both condyles.
- Angle β represents the position of tibial component in the AP view: the angle on the medial side

between the anatomical axis of the tibia and the line parallel to the tibial tray.
- Angle γ represents the position of the femoral component in the lateral view: the angle between

the anatomical axis of the femur and the stem of the femoral component.
- Angle σ represents the slope of the tibial component in the lateral view: the angle between the

anatomical axis of the tibia and the line parallel to the tibial tray.

Angle γ is the angle between the anatomical axis of the femur and the
stem of the femoral component. The angle has a negative value for
extension of the femoral component and a positive value if the femoral
component is placed in flexion. Angle σ is the angle between the
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anatomical axis of the tibia and the line parallel to the tibial tray. It
represents the slope of the tibial component.

The femoral component should be within 4º to 11º of valgus (angle
α 94º-101º) 87;188;198;199. On the lateral view, the alignment of the femoral
component should be parallel or nearly parallel to the long axis of the
femur (angle γ 0º ± 5) 87;198. The alignment of the tibial component should
be perpendicular to the tibial shaft or in slight valgus position on the
AP view (angle β 84º-90º). On the lateral view, the tibial component
should be horizontal or should slope downwards posteriorly no more
than 10º (angle σ 80º-90º) 87;198-200.

5.6.2 Statistical analysis
We assumed finding a low wear rate at an optimal alignment of the
prosthesis and an increase in wear rate in a more valgus or varus position,
or if the prosthesis was placed in more flexion or extension. A non-linear
regression analysis was performed for angles α, β, γ and σ in order to
study a quadratic relation (see Appendix 5).

5.6.3 Results
5.6.3.1 Angle α
The mean angle α of the knees that had had no PE exchange in the
second follow-up study was 99.0° ± 3.7 (range 86-104). There were 42
knees (77.7%) with a correct alignment of the femoral component (angle
α between 94º and 101º), four knees (7.4%) with an extreme varus
position (angle α < 94º) and seven knees (13.0%) with an extreme valgus
position (angle α > 101º). In one knee, angle α could not be determined
because only a small part of the distal femur was seen on the radiograph.
Non-linear regression analysis showed no significant relation between
angle a and the wear rate (p=0.563).

5.6.3.2 Angle β
The mean angle β was 85.7º ± 3.3 (range 76-93). Of all tibial components,
39 (72.2%) had a correct alignment (angle β between 84º and 90º), 12
(22.2%) had an extreme varus position (angle β < 84º) and three (5.5%)
had a valgus position (angle β > 90º). No significant relation was found
between the position of the tibial component in AP direction and the
wear rate (p=0.305) (see Figure 5.10).

5.6.3.3 Angle γ
The mean angle γ was -5.7º ± 5.3 (range -17-9). Of all femoral components,
22 (40.7%) had a correct alignment in the saggital plane (angle γ between
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-5º and 5º), 28 (51.9%) had a position in extension (angle γ < -5º) and
two (3.7%) had a position in flexion (angle γ > 5º). In two knees, angle γ
could not be determined because only a small part of the distal femur
was seen on the radiograph.

Prostheses with the femoral component placed in more flexion and
especially in more extension seemed to have a higher wear rate, but
non-linear regression analysis showed no significant influence of angle
γ on the wear rate (p=0.092) (see Figure 5.11).

5.6.3.4 Angle σ
The mean angle σ was 86.5º ± 3.7 (78-96). Of all tibial components, 42
(77.7%) had a correct alignment in the saggital plane (angle σ between
80º and 90º), one knee (1.9%) had a backslope of more than 10º and

Figure 5.10. AP radiograph of a SKI prosthesis in an 86-year old female patient, 16 years after
implantation, with malalignment of both components (angle α = 102°, angle β = 79°). The annual
wear rate in this knee was only 0.06 mm.
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Figure 5.11. Angle γ and wear rate. Knees with a femoral component in flexion (Angle γ >0°) and
especially in extension (Angle γ <0°) seemed to have a higher wear rate, but the relation was not
significant (non-linear regression analysis, p=0.092)
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Figure 5.12. Angle σ and wear rate. Knees with more backslope or an upslope seemed to have a higher
wear rate, but the relation was not significant (p=0.113).
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eight knees (14.8%) had an upslope (angle σ > 90º). In three knees, angle
σ could not be determined because only a small part of the proximal
tibia was seen. Knees with more backslope or an upslope seemed to
have a higher wear rate, but this relation was not significant (p=0.113)
(see Figure 5.12).

5.6.4 Discussion
Prosthetic alignment is assumed to be crucial for the success of total
knee arthroplasty 198.

In this study the analysis of the influence of the prosthesis alignment
on the wear rate was performed after a mean follow-up of 14.0 years.
The group of patients studied was a selection of all patients with a SKI
prosthesis. The knees with malalignment may have been revised before
the start of this radiographic study. In the knees included in the analysis,
the alignment of the prosthesis may have been changed in time. Because
radiographs on earlier outpatient visits were not centralized properly,
we were not able to determine if there had been a change in position of
the prosthesis. As the knees included in this study had no clinical or
radiographic signs of loosening, we assume there had been no change
in position of the prosthesis in the course of time.

In the group of patients available for radiographic examination,
20.4% of the knees had malalignment of the femoral component in the
AP view and 55.6% in the lateral view. In 27.7% of the knees, malalignment
of the tibial component was seen in the AP view, and in 16.7% in the
lateral view. Although the position of the prosthesis may have changed
in time, and the study was performed in a selected group of patients, it
seems that the external guidance instruments used in the SKI prosthesis
did not accurately align the components.

In this group of patients, prostheses with the femoral component
placed in flexion and especially in extension seemed to have higher wear
rates, but a significant relation could not be demonstrated. The
polyethylene insert in the SKI prosthesis is relatively flat. The posterior
side of the femoral component is sharply curved. Positioning of the
femoral component in flexion and especially in extension may cause a
higher point loading and may induce a higher wear rate (see Figure
5.13). An increased backslope or an upslope also seemed to cause more
wear, but the relation was not significant either.

No significant relation was found between the wear rate and the
position of the femoral or tibial components. Considering three degrees
of freedom for each component (varus/valgus, flexion/extension and
internal/external rotation) with three major possibilities for each degree
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of freedom (varus-neutral-valgus, flexion-neutral-extension and internal-
neutral-external rotation), there are 9 (3x3) possibilities of prosthetic
placement for each component. For placement of both components there
are 81 (9x9) possibilities. Because of this large number of possibilities
and the small number of patients, it is not surprising to find no relation
between the wear rate and the position of the femoral or tibial component
separately. It is more likely that the alignment of the limb, especially the
mechanical axis, may influence the wear rate. In addition to the alignment
of the prosthesis or limb, there are probably other factors in this small
number of patients that may influence the wear rate, such as body
weight, activity level and screw loosening (see Chapter 3 and section
5.5).

5.6.5 Conclusions
The external guidance instruments used in the SKI prosthesis did not
accurately align the components. In particular, malalignment of the
femoral component in the lateral view was seen in the majority of the
knees available for radiographic examination.

Figure 5.13. Lateral radiograph of a SKI prosthesis with the femoral component placed in extreme
extension (angle γ = -17°). The sharply curved posterior side of the femoral component may cause a
higher wear rate due to a higher point loading.
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The position of the femoral or the tibial component of the SKI
prosthesis had no significant influence on the wear rate. Placement of
the femoral component of the SKI prosthesis in flexion and especially
in extension, or the tibial component with an increased backslope or an
upslope, seemed to cause a higher wear rate, but a significant relation
could not be demonstrated.

5.7 WEAR AND ALIGNMENT OF THE LIMB

The wear rate may be influenced by the loading axis of the lower
extremity, resulting from the position of the components separately. In
the next section the relation between the wear rate and the alignment of
the lower extremity, measured on full-length leg radiographs, will be
described.

5.7.1 Materials and methods
5.7.1.1 Patient characteristics
To analyze the most homogeneous group of knees to determine the
influence of the alignment of the limb on the wear rate, the analysis was
performed only for knees that had had no PE exchange (54 knees, 47
patients). All details of the patients are described in Appendix 2.

5.7.1.2 Alignment of the limb
In section 5.4 we showed that short radiographs in our study could not
be used to determine the femoro-tibial angle. In this study we used the
FTA measured on a full-length leg radiograph through the anatomical
axes of the femur and the tibia, as represented by FTA I (see Figure 5.14a).
The correct postoperative alignment has been defined by Kettelkamp et
al. 201 as a femoro-tibial angle of 173º. Others considered a femoro-
tibial angle of 173º-177º acceptable 202.

The mechanical axis of the lower limb is determined by drawing a
line from the center of the hip to the center of the talus. The Weight
Bearing Ratio (WBR), as used by Matsuda et al. 195, is calculated by
dividing the distance from this line to the medial side of the tibial pla-
teau, through the entire width of the tibial plateau (see Figure 5.14b). In
the ideal situation, when the mechanical axis crosses the center of the
knee, the WBR is 50%. If the mechanical axis crosses the medial side of
the knee, as is seen in a varus alignment, the WBR is <50%. If the
mechanical axis crosses the lateral side of the knee, as is seen in a valgus
alignment, the WBR is >50%.
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5.7.2 Statistical analysis
We assumed finding a low wear rate at an optimal alignment of the
limb and an increase in wear rate either in a more valgus or a varus
position of the leg. For both the FTA and WBR, a non-linear regression
analysis was performed in order to study a quadratic relation (see
Appendix 5).

5.7.3 Results
5.7.3.1 Femoro-tibial angle
The mean femoro-tibial angle of all knees included in the analysis was
172.0º ± 5.9 (range 160-184). Correct alignment of the leg (FTA 173º-177º)
was seen in 14 knees (25.9%). Extreme valgus of the leg (FTA < 173º)

Figure 5.14 a and b. Femoro-tibial angle (FTA) (Figure 5.14a) and Weight Bearing Ratio (WBR) (Figure
5.14b) on a full-length leg radiograph. For measurement of the FTA, the anatomical axes of the femur
and tibia are drawn through four points representing the shaft centers. The WBR is calculated by
dividing the distance from the medial side of the plateau to the mechanical axis (a) through the entire
width of the plateau (b), the mechanical axis being the line that connects the center of the femoral head
with the center of the talus.

FTA
WBR =

a/b x 100%

Fig. 5.14a Fig. 5.14b
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was seen in 30 knees (55.6%) and a varus position of the leg (FTA >
177º) was seen in 10 knees (18.5%).

Legs with an increasing valgus and especially legs with an increasing
varus alignment seemed to have a higher wear rate, but non-linear
regression analysis showed no significant influence of the FTA on the
wear rate (p=0.647) (see Figure 5.15).

5.7.3.2 Weight Bearing Ratio
The mean Weight Bearing Ratio in all knees included in the analysis
was 48.1% ± 25.6 (range 0-110). There were 28 knees (51.9%) with a
mechanical axis through the medial side of the prosthesis, 25 knees
(46.2%) with a mechanical axis through the lateral side of the knee, and
in one knee (1.9%) the mechanical axis went exactly through the center
of the prosthesis.

Knees with a mechanical axis through the medial side of the knee
(WBR < 50%) and to a lesser extent through the lateral side of the knee
(WBR > 50%) seemed to have a higher wear rate if the mechanical axis
was further from the center of the knee. However, non-linear regression
analysis showed no significant influence of the WBR on the wear rate
(p=0.841) (see Figure 5.16).
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Figure 5.15. Femoro-tibial angle and wear rate in the prostheses that had had no PE exchange at the
second follow-up study. Legs with an increasing valgus and especially legs with an increasing varus
alignment seemed to have a higher wear rate, but non-linear regression analysis showed no significant
influence of the FTA on the wear rate (p=0.647).
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5.7.4 Discussion
Correct alignment of the limb is important to reduce the amount of wear.
Malalignment of the limb may lead to higher wear rates, and this may
contribute to failure and early loosening of the prosthetic components
195;203;204. Walker 205 described a simple relationship between the tibiofemoral
angle and total load on the knee joint, in which a 9º varus shift from
normal alignment will cause a 50% increase in total load on the knee.
Volz 206 related that the joint reactive force will approximately double
for every 5º of increased angular deformity. Johnson et al. 207 also
described a trend of increasing total load in the knee with increasing
malalignment in a gait analysis study. Ritter et al. 204 found a significantly
higher revision rate in knees with a varus alignment. Jeffery et al. 203

reported that an error in alignment of more than 3° from the mechanical
axis significantly increased the incidence of loosening.

To determine the influence of the alignment of the leg on the wear
rate in this study, radiographs were used after a mean follow-up period
of 14.0 years. Because the study was retrospective and no full-length
leg radiographs had been made shortly after implantation of the
prosthesis, we were not able to analyze the influence of the initial
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Figure 5.16. Weight Bearing Ratio and wear rate in the prostheses that had had no PE exchange at the
second follow-up study. Knees with a mechanical axis through the medial side of the knee (WBR <
50%) and to a lesser extent through the lateral side of the knee (WBR > 50%) seemed to have a higher
wear rate if the mechanical axis was further from the center of the knee, but non-linear regression
analysis showed no significant influence of the WBR on the wear rate (p=0.841).
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alignment of the leg on the wear rate. The alignment of the leg may
have changed in the course of time, due to increasing ligament laxity of
the knee or polyethylene wear. The mean amount of wear in the knees
included in the study was 1.1 ± 1.0 mm. Therefore, we assume the
influence of changes in limb alignment due to wear to be small. However,
we cannot deny that there may be an influence on the limb alignment
by wear and/or ligament laxity.

In the group of knees available for radiographic examination, 74.1%
of the knees had malalignment of the leg. A valgus malalignment was
seen in the majority of the knees (FTA < 173º). The malalignment may
be due to incorrect placement of the prosthesis, because of the inaccurate
external guidance instrument or because of increasing ligament laxity
in time.

No significant relation was found between alignment of the limb
and the wear rate, but in varus alignment of the limb and to a lesser
extent in valgus alignment knees seemed to have a higher wear rate.
The analysis was performed in a selection of all patients with a SKI
prosthesis. Knees with malalignment may have been revised before the
start of the radiographic study. Because wear is a multifactorial process
63;85;86;208, an analysis in a larger group of patients with documentation of
the initial alignment should be performed.

5.7.5 Conclusions
Malalignment of the leg, especially valgus malalignment, was seen in
the majority of knees available for radiographic analysis. In varus
alignment of the limb and to a lesser extent in valgus alignment, the SKI
prosthesis seemed to have a higher wear rate, but the relation was not
significant.
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Chapter 6

Radiographic Examination:

the Evaluation of Radiolucency
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6.1 INTRODUCTION

As was shown in Chapter 5, the radiographic evaluation of a knee
prosthesis can render data that can lead to a proper perspective on its
longevity and durability. Whereas up to now wear has been the main
subject of the radiographic assessment of the knee prosthesis, we know
that the prosthesis-cement-bone construct can show radiographic signs
of impending failure at an early stage. Serial radiographic follow-up
studies can predict to a large extent the longevity of the arthroplasty by
careful evaluation of radiolucencies developing in the interface between
prosthesis and bone. The consistent and structured study of the pattern
in which radiolucencies appear and expand can tell us to a certain extent
whether the arthroplasty is stable or may be in danger of failing. With
the first generation of one-piece tibial components, osteolysis was not
reported as a clinical problem in cemented knee arthroplasty. The SKI
prosthesis is a modular prosthesis. After introduction of modular
polyethylene inserts, failure due to osteolysis was recognized as a clinical
problem 81;84.

The aim of this study was to determine the radiographic long-term
result of the SKI prosthesis. Therefore the presence, increase and patterns
of radiolucency around the three components were analyzed on two
consecutive, comparable radiographs. To correlate the radiographic
result with the clinical performance, the radiolucency around prostheses
with clinical signs of loosening (see section 6.4.7) and without clinical
signs of loosening (see sections 6.4.1 and 6.4.4) was studied separately.
In the group of prostheses without clinical signs of loosening, the factors
that might contribute to the presence and increase of radiolucent lines
were analyzed (see sections 6.4.5 and 6.4.6). Additionally, the correlation
between radiolucency and osteophytes around the patellar component
and the presence of anterior knee pain was studied (see sections 6.4.2
and 6.4.3).

6.2 MATERIAL AND METHODS

6.2.1 Patients
The patients seen in the second follow-up study at Tc, with comparable
fluoroscopically centralized radiographs of the first follow-up study,
were included in the study. All details of the patients (85 knees, 68
patients) are described in Appendix 2. The mean time of follow-up in
the first study was 9.9 years ± 2.6 (range 6.1 to 15.5) and in the second
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study 14.0 years ± 2.6 (range 10.0 to 19.1). The mean passage of time
between both radiographic examinations was 4.1 years ± 0.22 (range
3.6 to 4.8).

At Tc, three patients had clinical signs of loosening of the prosthesis.
Two of these knees were revised within four months after radiographic
examination. The other knee had an exchange of the polyethylene two
months before radiographic evaluation. The surgeon found evidence of
loosening of the prosthesis at the time of PE exchange, but decided to
change the polyethylene only because of patient morbidity. This
prosthesis was considered loose upon further evaluation.

Not all radiographs that were made could be judged, because of
extreme flexion contracture of the knee or because the knee was not
properly centralized. The numbers of radiographs available for
measurement of radiolucency around all components in prostheses with
and without clinical signs of loosening are listed in Table 6.1.

Table 6.1. Numbers of radiographs available for measurement of radiolucency in cases with and without
clinical signs of loosening.

Radiograph No clinical signs of loosening Clinical signs of loosening

Femoral component 78 3

Tibial component AP 80 2

Tibial component lateral 78 3

Patella 75

Total prosthesis 70 2

6.2.2 Measurement of radiolucency
Section 5.2 describes the method used to fluoroscopically centralize the
SKI prosthesis. Radiolucency was defined as a radiolucent zone of any
size between the cement and the bone (see Figure 6.1). The radiolucent
zone was measured at the maximum width with a goniometer and
expressed in millimeters. All radiographs were judged by one observer.
The magnification factor of the radiograph was calculated by dividing
the measured width of the tibial component by the known width. To
correct for magnification, the width of the radiolucent lines measured
was divided by the magnification factor of the radiograph.
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6.2.3 Scoring system
For measurement of the radiolucency around the three components of
the knee prosthesis, the roentgenographic evaluation and scoring system
of the Knee Society described by Ewald et al. 197 was used. Radiolucency
around the femoral component was determined in seven zones on the
lateral X-ray. Zones 1 and 2 represent the area behind the anterior flange;
zones 5, 6 and 7 represent the fixation of the stem; zones 3 and 4 represent
the posterior area (see Figure 6.2).

Radiolucency around the tibial component was determined from
both the AP and the lateral view. From the AP view, zones 1 and 2
represent the area beneath the medial plateau, zones 3 and 4 represent
the area beneath the lateral plateau, and zones 5, 6 and 7 represent the
fixation of the stem (Figure 6.3).

From the lateral view of the tibial component, zone 1 represents the
anterior area, zone 2 represents the posterior area and zone 3 represents
the distal stem fixation (Figure 6.4).

Figure 6.1. AP and lateral radiograph of a SKI prosthesis in a 56-year old male, 10 years after
implantation due to post-traumatic arthritis. The patient had clinical signs of loosening. Marked
radiolucency is seen around the tibial component in both the AP and lateral views. Only a slight amount
of radiolucency is seen around the femoral component.
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Figure 6.2. Radiolucency zones 1 to 7 around
the femoral component.

Figure 6.3. Radiolucency zones 1 to 7 around
the tibial component (AP view).
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Figure 6.4. Radiolucency zones 1 to 3 around
the tibial component (lateral view).
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Radiolucency around the patellar component was determined in
three zones from the skyline view (see section 5.2). Zone 1 represents
the medial part, zone 2 represents the lateral part and zone 3 represents
the fixation of the patellar button (see Figure 6.5)

1

3

2

MED LAT

Figure 6.5. Radiolucency zones 1 to 3 around
the patellar component.

The scoring for each component of the prosthesis was determined
by measuring the width of the radiolucent lines for each zone in milli-
meters and adding the width of all zones. This total produces a numerical
score for each component. The radiolucency score of the total prosthesis
is obtained by adding the total scores of all three components.

The Knee Society 197 only rated the score for a seven-zone tibial com-
ponent as follows: a score < 4 and nonprogressive is probably not signi-
ficant; a score of 5-9 should be closely followed for progression, and a
score > 10 signifies possible or impending failure. A rating for the score
of the femoral and patellar components or the tibial component from
the lateral view was not described in this article.

6.3 STATISTICAL ANALYSIS

To determine the amount and increase of radiolucency, the knees with
and without clinical signs of loosening were analyzed separately. The
prosthesis was considered loose if the patient had pain upon weight-
bearing and/or swelling of the knee joint and/or progressive
radiolucency around the prosthesis and/or a change in position or tilting
of any of the components. Because none of the patellar components had
signs of loosening at revision, all patellar components were analyzed
together.

In the group of knees without clinical signs of loosening, the amount
of radiolucency in both studies was compared with a paired samples t-
test. A difference was considered significant if the p-value was <0.05.
We considered the factors that might have influence on the presence
and increase of radiolucency:



155

- sex
- the primary diagnosis
- wear
- screw loosening
- body weight
- age at the time of surgery
- activity level *

- time of follow-up

To study the influence of these factors on the amount and increase of
radiolucency around the prostheses with no clinical signs of loosening,
a univariate analysis of variance (ANOVA) was performed at knee le-
vel for each factor separately, and for all factors together. The test statistic
F-value and the p-value will be presented in Tables 6.10 to 6.12. A factor
was considered significant if the p-value was <0.05.

To study the influence of the presence of radiolucency and
osteophytes on the presence of anterior knee pain, a logistic regression
analysis at knee level was performed. The regression coefficients (B),
standard error (se) and p-value will be presented in Table 6.6. The odds
ratio can be calculated with the formula eB. A difference was considered
significant if the p-value was <0.05.

Only three prostheses had clinical signs of loosening. Therefore the
amount and increase of radiolucency around these prostheses will only
be described.

6.4 RESULTS

6.4.1 Prostheses without clinical signs of loosening
6.4.1.1 Radiolucency around the femoral component
In both the first and the second follow-up studies, most radiolucency
around the prostheses without clinical signs of loosening was seen
behind the anterior flange in zones 1 and 2 and on the posterior side in
zone 4 of the femoral component. Radiolucency was rarely seen behind
the fixation stem in zones 6 and 7 (see Figure 6.6). The mean amount of
radiolucency of all femoral components without clinical signs of

* To determine the activity level of the patients, we used the Function Score of the American Knee
Society Score (see Appendix 3 and Chapter 4).
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loosening was 1.1 mm ± 0.6 (range 0 to 5) at Tp and 1.5 mm ± 0.9 (range
0 to 6) at Tc. In none of the femoral components was a decrease in
radiolucency seen at Tc. The increase in radiolucency around the femoral
component was significant (paired samples t-test, p=0.001), on the
anterior side in zones 1 and 5 (both +6 mm) (paired samples t-test,
p=0.013).

In the first follow-up study, 23 knees (29.5%) with a well-fixed
femoral component had radiolucency around the femoral component
at follow-up (range 1 to 5 mm). In the second follow-up study, 32 knees
(41.0%) had radiolucency around the femoral component (range 1 to 6
mm) (see Table 6.2).

Figure 6.6. Number of knees and amount of radiolucency in mm around all well-fixed femoral
components in the first follow-up study at Tp (first column) and in the second follow-up study at Tc
(second column) (n=78). Most radiolucency was seen in zones 1, 2 and 4. A significant increase in
radiolucency was seen in zones 1 and 5 (+6 mm).
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Table 6.2. Number of knees and total amount of radiolucency around the femoral component of prostheses
with no clinical signs of loosening at Tp and at Tc (n=78). More radiolucency was seen at Tc and around
more femoral components.

Total amount of radiolucency (mm) Tp Tc
n (%) n (%)

0 55 (70.5) 46 (59.0)

1 9 (11.5) 14 (17.9)

2 6 (7.7) 6 (7.7)

3 4 (5.1) 6 (7.7)

4 2 (2.6) 4 (5.1)

5 2 (2.6) 1 (1.3)

6 1 (1.3)

6.4.1.2 Radiolucency around the tibial component (anteroposterior view)
In knees with no clinical signs of loosening, both in the first and the
second follow-up study, most radiolucency around the tibial compo-
nent from the anteroposterior (AP) view was seen at the edges of the
tibial plateau in zones 1 and 4 (see Figure 6.7). The mean amount of
radiolucency was 1.7 mm ± 1.2 (range 0 to 6) at Tp and 2.0 mm ± 1.5
(range 0 to 10) at Tc. The increase in radiolucency was significant (paired
samples t-test, p=0.010). None of these components showed a decrease
in radiolucency. Most increase in radiolucency was seen around the tibial
stem in zone 6 (+9 mm), in zone 5 (+5 mm) and in zone 7 (+5 mm). The
increase in zone 6, on the lateral side of the tibial stem, was significant
(paired samples t-test, p=0.012). In all other zones, the increase was not
significant.

In the first follow-up study, 38 knees (47.5%) without clinical signs
of loosening had radiolucency around the tibial component from the
AP view (range 1 to 7 mm). More than 5 mm radiolucency was seen in
seven knees (8.8%). In the second follow-up study, 44 knees (55.0%)
had radiolucency around the tibial component (range 1 to 10 mm).
Eleven knees (13.8%) had more than 5 mm radiolucency (see Table 6.3).



158

Table 6.3. Number of knees and total amount of radiolucency at Tp and at Tc around the tibial component
(AP view) in knees with no clinical signs of loosening (n=80). At Tc, more radiolucency was seen and a
higher amount of prostheses was at risk for failure.

Total amount of radiolucency (mm) Tp Tc
n (%) n (%)

0 42 (52.5) 36 (45.0)

1 14 (17.5) 15 (18.8)

2 9 (11.3) 10 (12.5)

3 4 (5.0) 6 (7.5)

4 4 (5.0) 2 (2.5)

5 2 (2.5) 3 (3.8) impending failure

6 4 (5.0) 4 (5.0)

7 1 (1.3) 3 (3.8)

10 1 (1.3)

Tp Tc

0 mm: 55 53 0 mm: 61 58

1 23 24 0 mm: 71 69 0 mm: 73 72 1 14 16

2 2 3 1 9 11 1 4 4 2 5 6

Total 27 30 Total 9 11 2 3 4 Total 24 28

Total 10 12

0 mm: 70 66 0 mm: 73 66

1 8 11 1 5 10

2 1 2 2 2 4

3 1 1 Total 9 18

Total 13 18

0 mm: 0 mm:72 68

1 7 10

2 1 2

Total 9 14

1
2 3

4

7

65

MED LAT

Figure 6.7. Number of knees and amount of radiolucency in mm around all tibial components without
clinical signs of loosening (AP view) in the first follow-up study at Tp (first column) and in the second
follow-up study at Tc (second column) (n=80). Most radiolucency was seen at the edges in zones 1 and
4. A significant increase in radiolucency was seen in zone 6 (+9 mm).
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6.4.1.3 Radiolucency around the tibial component (lateral view)
From the lateral view of the tibial components without clinical signs of
loosening, most radiolucency was seen on the anterior side in zone 1
and on the posterior side in zone 2 (see Figure 6.8). The mean amount of
radiolucency was 1.2 mm ± 0.7 (range 0 to 6) at Tp, and 1.5 mm ± 1.0
(range 0 to 7) at Tc. In none of these tibial components was a decrease in
radiolucency seen at Tc. The increase in radiolucency around the tibial
component from the lateral view was significant (paired samples t-test,
p<0.001). An increase in the total amount of radiolucency of 8 mm was
seen at Tc, both on the anterior side in zone 1 and around the distal part
of the tibial stem in zone 3. The increase in zones 1 and 3 was significant
(paired samples t-test, p=0.004 and p=0.020 respectively).

In the first follow-up study, 25 knees (32.1%) without clinical signs
of loosening had radiolucency around the tibial component from the
lateral view (range 1 to 6 mm). Two prostheses had a total amount of
radiolucency of more than 5 mm. In the second follow-up study, 34 knees
(43.6%) had radiolucency around the tibial component from the lateral
view (range 1 to 6 mm). Three knees had a total amount of radiolucency
of more than 5 mm (see Table 6.4).

Tp Tc

0 mm: 61 57 0 mm: 63 59

1 12 13 1 11 13

2 3 5 2 3 4

3 2 3 3 1

Total 24 32 4 1 1

Total 21 28

0 mm: 67 62

1 10 12

2 1 4

Total 12 20

1 2

3

Figure 6.8. Number of knees and amount of radiolucency in mm around all fixed tibial components
(lateral view) in the first follow-up study at Tp (first column) and in the second follow-up study at Tc
(second column) (n=78). Most radiolucency was seen in zones 1 and 2. A significant increase in
radiolucency was seen in zones 1 and 3 (+8 mm).
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Table 6.4. Total amount of radiolucency at Tp and at Tc around the tibial component (lateral view) in
knees without clinical signs of loosening (n=78). At Tc, more radiolucency was seen and around more
prostheses radiolucency was seen.

Total amount of radiolucency (mm) Tp Tc
n (%) n (%)

0 53 (67.9) 44 (56.4)

1 10 (12.8) 12 (15.4)

2 5 (6.4) 10 (12.8)

3 6 (7.7) 5 (6.4)

4 2 (2.6) 4 (5.1)

5 1 (1.3) 1 (1.3)

6 1 (1.3) 2 (2.6)

6.4.2 Radiolucency around the patellar component
Both at Tp and at Tc, most radiolucency was seen around the lateral
part of the patellar component (zone 2). At Tp, the mean amount of
radiolucency in all knees was 0.1 mm ± 0.5 (range 0 to 3), and at Tc 0.2
mm ± 0.6 (range 0 to 3). The increase in radiolucency around the patellar
component was significant (paired samples t-test, p=0.045). The increase
was seen in all zones of the patellar component.

Figure 6.9. Number of knees and amount of radiolucency in mm around all patellar components in the
first follow-up study at Tp (first column) and in the second follow-up study at Tc (second column)
(n=75). An increase in radiolucency was seen at Tc in all zones.
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Table 6.5. Number of knees and total amount of radiolucency at Tp and at Tc around all patellar components
(n=75).

Total amount of radiolucency (mm) Tp Tc
n (%) n (%)

0 66 (88.0) 64 (85.3)

1 6 (8.0) 6 (8.0)

2 2 (2.7) 4 (5.3)

3 1 (1.3) 1 (1.3)

Table 6.6. Logistic regression analysis with the Logistic regression coefficient (B), standard error (se)
and p-value of the relation between radiolucency and osteophytes around the patellar component and
anterior knee pain (n=75 and n=71 respectively). No relation was found between radiolucencies or
osteophytes around the patellar component and anterior knee pain.

n Anterior No anterior B se p-value
knee pain knee pain

Radiolucency around patella at Tp -0.674 1.105 0.542
No 66 13 (19.7%) 53 (80.3%)
Yes 9 1 (11.1%) 8 (88.9%)

Radiolucency around patella at Tc -0.531 0.832 0.524
No 64 17 (26,6%) 47 (73,4%)
Yes 11 2 (18.2%) 9 (81.8%)

Osteophytes around patella -0.013 0.556 0.981
No 26 6 (26.9%) 19 (73.1%)
Yes 45 12 (26.7%) 33 (73.3%)

Radiolucency was seen around the patellar component at Tp in 9
knees (12.0%) (range 1 to 3 mm) and at Tc in 11 knees (14.7%) (range 1 to
3 mm) (see Table 6.5).

6.4.3 Anterior knee pain, radiolucency and osteophytes
In the first follow-up study, only one patient (11.1%) with radiolucency
around the patellar component had anterior knee pain at Tp, while 13
patients (19.7%) who had no radiolucency around the patellar compo-
nent had anterior knee pain. In the second study, two patients (18.2%)
with radiolucency around the patellar component complained of anterior
knee pain, while 17 (26.6%) of the patients who had no radiolucency
complained of anterior knee pain. In neither study was a significant
relation found between radiolucency around the patellar component
and anterior knee pain (p=0.542 and p=0.524) (see Table 6.6).



162

Table 6.7. Mean amount of radiolucency of all prostheses seen at Tp and at Tc (n=70). A significant
increase in radiolucency was seen at Tc.

Tp Tc p-value¹

Amount of radiolucency (mm)  2.8 ± 3.4 (0-15)  3.7 ± 3.9 (0-16)  <0.001
mean ± sd (min-max)

¹ Paired-samples t-test

Osteophytes were seen around 45 patellar components (63.4%) (see
Figure 6.10). No difference in anterior knee pain was seen between
patients who had osteophytes and patients who had none (26.9% of the
patients with osteophytes had anterior knee pain versus 26.7% of patients
with no osteophytes) (p=0.981) (see Table 6.6).

6.4.4 Radiolucency around the total prosthesis
In the group of knees that had no clinical signs of loosening, the mean
amount of radiolucency around the total prosthesis was 2.8 mm ± 3.4 at
Tp and 3.7 mm ± 3.9 at Tc. The increase in radiolucency was significant
(paired samples t-test, p<0.001) (see Table 6.7)

In the first follow-up study, no radiolucency was seen in 21 knees
(30.0%). Four knees (5.7%) had a total amount of radiolucency of more
than 10 mm. Two of these prostheses had no increase in radiolucency at
the second follow-up study, and in two knees an increase of 1 mm was
seen. In the second follow-up study no radiolucency was seen in 15
knees (21.4%). Seven knees (10.0%) had a total amount of radiolucency
of more than 10 mm, without clinical signs of loosening (see Table 6.8).

Figure 6.10. Osteophyte on the lateral side of the patella in a 53-year-old female patient with rheumatoid
arthritis, 13.2 years after total knee replacement. This patient had no anterior knee pain.
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Table 6.9. Increase in radiolucency (mm) around prostheses that had no clinical signs of loosening. A
mean increase in radiolucency of 2.1 mm ± 1.6 (range 1 to 8) was seen in 30 knees.

Increase in radiolucency (mm) n %

0 40 57.1

1 15 21.4

2 7 10.0

3 2 2.9

4 4 5.7

5 1 1.4

8 1 1.4

Table 6.8. Number of knees and total amount of radiolucency around the total prosthesis at Tp and at Tc
in patients with no clinical signs of loosening (n=70). At Tc, more prostheses had radiolucency. Four
knees at Tp and seven knees at Tc had a total amount of radiolucency of more than 10 mm, without
clinical signs of loosening.

Total amount of radiolucency (mm) Tp Tc
n (%) n (%)

0 21 30.0 15 21.4

1 12 17.1 12 17.1

2 11 15.7 10 14.3

3 4 5.7 5 7.1

4 6 8.6 6 8.6

5 4 5.7 3 4.3

6 5 7.1 3 4.3

7 2 2.9

8 2 2.9 4 5.7

9 1 1.4 3 4.3

10 1 1.4 4 5.7

11 1 1.4

12 1 1.4

15 2 2.9 1 1.4

16 1 1.4



164

An increase in radiolucency was seen in 30 knees (42.9%), with a
mean increase of 2.1 mm ± 1.6 (range 1 to 8 mm), or 0.5 mm/year ± 0.4
(range 0.2-2.1). In two knees (2.9%) the increase in radiolucency was of
more than 5 mm, without clinical signs of loosening (see Table 6.9).

6.4.5 Factors that may influence the amount of radiolucency
In the first study at Tp, in male patients slightly more radiolucency was
seen on average compared to female patients, but the difference was
not significant. More radiolucency was seen in knees with wear or screw
loosening compared to knees without wear or screw loosening, but the
differences were not significant either. Activity level, age at the time of
surgery and time of follow-up had no significant influence on the
amount of radiolucency.

In a univariate analysis of variance, significantly more radiolucency
was seen in patients with degenerative arthritis compared to patients
with rheumatoid arthritis and other diagnoses (F=4.12, p=0.021).

Table 6.10. Univariate analysis of variance with the test statistic F-value and p-value of the factors that
might influence the amount of radiolucency around the total prosthesis in the first follow-up study (n=70),
corrected for all factors. None of the factors had a significant influence.

Factors that may have an influence n Amount of radiolucency (mm) F-value p-value
on the amount of radiolucency at Tp mean ± sd (min-max)

Sex 0.01 0.940
Male 10 3.1 ± 2.2 (0-6)
Female 60 2.8 ± 3.6 (0-15)

Diagnosis 1.31 0.278
Degenerative arthritis 26 4.2 ± 3.9 (0-15)
Rheumatoid arthritis 35 1.8 ± 2.1 (0-8)
Other 10 2.8 ± 4.8 (0-15)

Wear 3.66 0.061
Yes 27 4.2 ± 4.4 (0-15)
No 43 1.9 ± 2.3 (0-9)

Screw loosening 0.04 0.833
Yes 13 4.2 ± 4.1 (0-15)
No 57 2.5 ± 3.2 (0-15)

Body weight (kg) 70 0.00 0.969

Activity level (AKSS Function Score) 70 0.00 0.957

Age at the time of surgery 70 0.00 0.996

Time of follow-up 70 0.13 0.724
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Table 6.11. Univariate analysis of variance with the test statistic F-value and p-value of the factors that
might influence the amount of radiolucency around the total prosthesis in the second follow-up study
(n=70), corrected for all factors. None of the factors had a significant influence.

Factors that may have an influence n Amount of radiolucency (mm) F-value p-value
on the amount of radiolucency at Tc mean ± sd (min-max)

Sex 0.78 0.379
Male 10 4.8 ± 3.7 (0-10)
Female 60 3.5 ± 3.9 (0-16)

Diagnosis 1.00 0.375
Degenerative arthritis 27 5.2 ± 3.9 (0-15)
Rheumatoid arthritis 35 2.7 ± 3.0 (0-10)
Other 10 3.7 ± 5.6 (0-16)

Wear 1.27 0.264
Yes 27 5.1 ± 4.7 (0-16)
No 43 2.9 ± 3.0 (0-10)

Screw loosening 1.29 0.261
Yes 13 5.9 ± 4.5 (0-16)
No 59 3.2 ± 3.6 (0-15)

Body weight (kg) 70 0.00 0.965

Activity level (AKSS Function Score) 70 0.13 0.724

Age at the time of surgery 70 0.35 0.558

Time of follow-up 70 0.87 0.356

Significantly more radiolucency was also seen in heavier patients
(F=4.38, p=0.004). Corrected for all factors, none of the factors had a
significant influence on the amount of radiolucency (see Table 6.10).

In the second study at Tc, in male patients slightly more radiolucency
was seen on average compared to female patients, but the difference
was not significant. Activity level, age at the time of surgery and time of
follow-up had no significant influence on the amount of radiolucency.

In a univariate analysis of variance, significantly more radiolucency
was seen in patients with degenerative arthritis compared to patients
with rheumatoid arthritis and other diagnoses (F=3.32, p=0.042). Knees
with wear and screw loosening had significantly more radiolucency
compared to knees without wear or screw loosening (F=5.81, p=0.019
and F=5.55, p=0.021 respectively), and significantly more radiolucency
was seen in heavier patients (F=4.27, p=0.043). Corrected for all factors,
none of the factors had a significant influence on the amount of
radiolucency (see Table 6.11).
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Table 6.12. Univariate analysis of variance with the test statistic F-value and p-value of the factors that
might influence the increase in radiolucency around the total prosthesis (n=70), corrected for all factors.
Knees with screw loosening had a significant increase in radiolucency.

Factors that may have an influence n Mean increase in F-value p-value
on the increase of radiolucency radiolucency (mm)

Sex 3.86 0.054
Male 10 1.7 ± 1.8 (0-5)
Female 60 0.8 ± 1.4 (0-8)

Diagnosis 0.20 0.818
Degenerative arthritis 26 1.0 ± 1.7 (0-8)
Rheumatoid arthritis 35 0.9 ± 1.3 (0-4)
Other 9 0.9 ± 1.7 (0-5)

Wear 2.30 0.135
Yes 27 0.9 ± 1.2 (0-4)
No 43 0.9 ± 1.7 (0-8)

Screw loosening 6.62 0.013
Yes 13 1.8 ± 2.4 (0-8)
No 59 0.7 ± 1.2 (0-5)

Body weight (kg) 70 0.32 0.573

Activity level (AKSS Function Score) 70 0.55 0.462

Age at the time of surgery 70 1.21 0.276

6.4.6 Factors that may influence the increase of radiolucency
The mean increase in radiolucency in all knees without clinical signs of
loosening at Tc was 0.9 mm ± 1.5 (range 0 to 8 mm), or 0.2 mm/year ±
0.4 (range 0 to 2.8). Male patients had more of an increase in radiolucency
compared to female patients on average, but the difference was not sig-
nificant. Diagnosis, wear, body weight, activity level and age at the time
of surgery had no influence on the increase in radiolucency.

Knees with screw loosening had a significantly higher increase in
radiolucency around the prosthesis compared to knees with a fixed screw
(1.8 mm ± 2.4 versus 0.7 mm ± 1.2). The difference was even significant
in a univariate analysis of variance corrected for all other factors (see
Table 6.12).

6.4.7 Prostheses with clinical signs of loosening
6.4.7.1 Radiolucency around the femoral component
Of the three prostheses with clinical signs of loosening, one knee had a
total amount of 1 mm radiolucency around the femoral component at
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Table 6.13. Total amount of radiolucency around the femoral component at Tp and at Tc of the three
prostheses with clinical signs of loosening in the second follow-up study.

Total amount of radiolucency (mm)

Tp Tc

Prosthesis 1 1 3

Prosthesis 2 4 4

Prosthesis 3 0 0

Tp and 3 mm at Tc. One knee had a total amount of 4 mm radiolucency
in both studies, and in one knee no radiolucency was seen around the
femoral component (see Table 6.13).

Figure 6.11. Amount of radiolucency in mm around the loosened femoral components (n=3) in the first
follow-up study at Tp (first column) and in the second follow-up study at Tc (second column). Only
slight amount of radiolucency was seen in zones 1, 2, 3 and 4. A minor increase in radiolucency was
only seen in zones 3 and 4.

Tp Tc 0 mm: 2 2

0 mm: 2 2 1 1 1

1 1 1 Total: 1 1

Total: 1 1

0 mm: 3 3

Total: 0 0

0 mm: 3 3
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Table 6.14. Total amount of radiolucency around the tibial component (AP view) at Tp and at Tc of two
prostheses with clinical signs of loosening.

Total amount of radiolucency (mm)

Tp Tc

Prosthesis 1 2 10

Prosthesis 2 13 9

Around the femoral components in knees with clinical signs of
loosening, only a slight amount of radiolucency was seen on the posterior
side in zones 3 and 4 and behind the anterior flange in zones 1 and 2.
No radiolucency was seen around the fixation stem of the femoral
components in zones 5, 6 and 7. A slight increase in radiolucency was
only seen on the posterior side in zones 3 and 4 (see Figure 6.11).

6.4.7.2 Radiolucency around the tibial component (anteroposterior view)
Of the two prostheses with clinical signs of loosening, one had a total
amount of radiolucency around the tibial component from the
anteroposterior (AP) view of 2 mm at Tp and 10 mm at Tc (+8mm). In
the other prosthesis, the total amount of radiolucency was 13 mm at Tp
and 9 mm at Tc (-4 mm) (see Table 6.14).

In the first prosthesis, an increase in radiolucency of 6 mm was seen
beneath the medial plateau in zone 2, and 2 mm at the lateral edge in
zone 4. In the other prosthesis, an increase in radiolucency was seen
beneath the lateral plateau (+3 mm in zone 3 and +2 mm in zone 4) and
a decrease of 3 mm beneath the medial plateau in zones 1 and 2 and in
the lateral part of the tibial stem in zone 6 (see Figure 6.12).

6.7.4.3 Radiolucency around the tibial component (lateral view)
Of the three prostheses with clinical signs of loosening, one prosthesis
had an increase in radiolucency around the tibial component of 8 mm
and two prostheses an increase of 2 mm from the lateral view at Tc (see
Table 6.15).

Most radiolucency was seen on the anterior side of the tibial com-
ponent. A total increase in radiolucency of 5 mm was seen on the anterior
side in zone 1 and on the posterior side in zone 2. In zone 3 the increase
was of 2 mm.
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Tp Tc

0 mm: 1 0 mm: 1 1

2 1 1 0 mm: 1 1 0 mm: 1 1 1 2 1 1
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Total 1 1
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Figure 6.12. Amount of radiolucency in mm around two tibial components with loosening (AP view) at
Tp and at Tc. The amount of radiolucency of prosthesis 1 is printed in black and of prosthesis 2 in grey.
In prosthesis 1 an increase in radiolucency was seen in zones 2 and 4. In prosthesis 2 an increase in
radiolucency was seen in zones 3 and 4, and a decrease in zones 1, 2 and 6.

Table 6.15. Total amount of radiolucency around the tibial component (lateral view) at Tp and at Tc of
three prostheses with clinical signs of loosening.

Total amount of radiolucency (mm)

Tp Tc

Prosthesis 1 0 8

Prosthesis 2 5 7

Prosthesis 3 7 9

6.4.7.4 Radiolucency around the total prosthesis
Of the prostheses with clinical signs of loosening, one prosthesis had a
total increase in radiolucency of 18 mm, the other had a decrease in the
total amount of radiolucency of 2 mm at Tc (see Table 6.16).
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Figure 6.13. Amount of radiolucency in mm around the three tibial components with clinical signs of
loosening (lateral view). The first column represents the amount of radiolucency at Tp, the second
column at Tc. Most radiolucency was seen in zone 1. Most of the increase in radiolucency was seen in
zones 1 and 2 (+5 mm).

Tp Tc

0 mm: 1 0 mm: 1

3 1 1 1 2 1

4 1 1 2 1

5 1 4 1

Total 7 12 Total 2 7

0 mm: 1 1

1 1

2 1 1

3 1

Total 3 5

1 2

3

Table 6.16. Total amount of radiolucency around the components at Tp and at Tc of two prostheses with
clinical signs of loosening.

Total amount of radiolucency (mm)

Tp Tc

Prosthesis 1 3 21

Prosthesis 2 22 20

6.5 DISCUSSION

Osteolysis it generally thought to result from a granulomatous response
to polyethylene, polymethylmethacrylate or metal particulate debris
84;132;133. Particulate debris from the prosthetic replacement gains access
to the bone-cement interface or the bone prosthesis-interface, and elicits
formation of a fibrous tissue membrane that contains macrophage and
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foreign body giant cells 209;210. The foreign body debris is phago-cytosed
by the macrophages. In response to this, the macrophages produce
inflammatory mediators that stimulate osteoclasts. This results in bone
resorption.

Plain radiographs often tend to underestimate or even fail to detect
radiolucent lines 89;211;212. Ecker et al. 89 showed that flexion of more than
4° obscures radiolucent lines in metal-backed components. Nelissen 213

showed that flexion, medial tilting, ventral tilting and rotation had an
influence on the measurement of radiolucent lines. Mintz et al. 211 showed
that fluoroscopically guided radiographs allow accurate measurement
of the presence and extent of radiolucent lines. In this study,
fluoroscopically centered radiographs were made in a group of patients
with a SKI prosthesis at two consecutive moments. This allowed us to
compare the amount of and increase in osteolysis accurately after a mean
follow-up of 9.9 years and 14.0 years, with a mean interval of 4.1 years.
The examination of radiolucency was only performed in the group of
patients that was available for radiographic examination at both follow-
up studies. Therefore, the study population might be a selection of all
patients with a SKI prostheses. Because none of the other radiographs
were fluoroscopically centralized, no comparison could be made with
radiographs made on routine outpatient visits or in a larger group of
patients.

In prostheses with no clinical signs of loosening, most radiolucency
was seen at the edges of the prosthesis (zones 1, 2 and 4 of the femoral
component, zones 1 and 4 of the tibial component from the AP view,
zones 1 and 2 of the tibial component from the lateral view, and at the
medial and lateral edges of the patellar button). A possible explanation
might be that wear particles gain access to the interface between the
bone and cement at the edge of the prosthesis and cause osteolysis in
these zones.

Cadambi et al. 214 found that male sex, younger age, increased patient
weight, degenerative arthritis and length of time in situ were statistically
significant factors associated with femoral osteolysis. Wear has been
associated with osteolysis 215. On both radiographic examination stu-
dies we found more radiolucency in patients with degenerative arthritis
and in patients with increased body weight. In the second follow-up
study, patients with wear and patients with loosening of the screw also
had more radiolucency. However, corrected for all factors none of above-
mentioned factors had a significant influence on the amount of
radiolucency in our study. The study population might be too small to
detect a significant influence on the amount of radiolucency.
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Of the prostheses with clinical signs of loosening, only a slight
amount of radiolucency was seen around the femoral component,
without much progression. Several authors found more osteolysis
around the femoral component at revision than previously seen at
radiographic examination 212;216;217. Radiographic review usually leads
to under-estimation of the degree of osteolysis around the femoral
component, because osteolytic defects may be hidden by the femoral
component of the prosthesis on the anteroposterior radiograph, and by
the other side of the femoral condyle on the lateral radiograph. Around
the tibial component, one prosthesis with clinical signs of loosening
showed an increase in radiolucency and the other showed a decrease.
The decrease in radiolucency was caused by a change in position and
tilting of the tibial component. In none of the prostheses without clinical
signs of loosening was a decrease in radiolucency seen.

In this study, no relation was found between anterior knee pain and
radiolucency or the presence of osteophytes around the patellar
component. However, the skyline view of the patella was taken in one
position (45 degrees of flexion) and was not fluoroscopically centralized.
The amount of radiolucency might therefore be higher than what we
found.

Comparison of the radiographs of both follow-up studies shows a
significant increase of radiolucency around all three components in the
group of prostheses that had no clinical signs of loosening. In prostheses
with an increase in radiolucency (n=30), the mean increase was 2.1 mm
± 1.6 or 0.5 mm/year ± 0.4. This increase in radiolucency must alert the
physician of impending loosening at further follow-up of the SKI
prosthesis. Most of the increase of radiolucency around the femoral
component was seen on the anterior side. From the AP view of the tibial
component, most of the increase was seen around the tibial stem in zones
5, 6 and 7; from the lateral view an increase was seen in all zones. The
only factor that contributed significantly to the increase in radiolucency
was loosening of the screw. In Chapter 3 and section 5.5 we already
found more wear and a higher wear rate in knees with screw loosening.
Knees with screw loosening may have a different mode of wear.
Therefore, the wear characteristics of retrieved knees with and without
screw loosening will be analyzed in the next chapter.

6.6 CONCLUSIONS

In prostheses without clinical signs of loosening, most radiolucency was
seen at the edges of the prosthesis. More radiolucency was seen in
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patients with degenerative arthritis and heavier patients, and in knees
with wear and screw loosening, but none of these factors had a signifi-
cant influence on the amount of radiolucency. A significant increase in
radiolucency was seen around prostheses without clinical signs of
loosening, which must alert the physician of impending loosening at
further follow-up. Screw loosening was the most important factor
contributing to the increase in radiolucency.

In prostheses with clinical signs of loosening, only a slight amount
and a minor increase in radiolucency was seen around the femoral com-
ponent. Most changes were detected around the tibial component: one
prosthesis showed a significant increase in radiolucency and the other
a decrease, due to a change in position and tilting.

No relation between anterior knee pain and radiolucency or the
presence of osteophytes around the patellar component could be
demonstrated.
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Chapter 7

Retrieval Study
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7.1 INTRODUCTION

The fact that the SKI prosthesis was designed with a replaceable
UHMWPE tibial insert made the study as described in this chapter
possible. Apart from the problems with loosening of the screw that fixed
the insert to the tibial tray, the modularity of the prosthesis made it
possible to retrieve the PE insert and study the phenomena of wear in
all its forms – this without having to sacrifice the fixation of the tibial
component, thereby introducing the danger of having to deal with a far
bigger and more complicated operation than the mere changing of the
insert proved to be. In this way we were able, next to the total prosthesis
revisions, to collect a series of isolated tibial inserts while maintaining
the stability of the total knee prosthesis after insertion of a new and
often thicker insert.

The aim of this study was to study the wear characteristics of
retrieved implants. Therefore the tibial inserts, femoral components and
tibial trays that were revised due to wear or aseptic loosening were
analyzed. The wear rate was calculated (see section 7.4.1.1). The damage
of the polyethylene was located and quantified (see sections 7.4.1.2 to
7.4.1.10). The results were correlated with the primary diagnosis (see
section 7.4.1.11), body weight (see section 7.4.1.12) and the service life
of the implant (see section 7.4.1.13). The metal components were judged
for damage due to metal-on-metal contact or screw loosening and other
signs of damage (see sections 7.4.2 and 7.4.3).

In Chapters 3 and 5 (sections 3.3.9 and 5.5) we found more wear
and a higher wear rate in knees with screw loosening. To analyze the
consequences of screw loosening, we analyzed the wear rate, wear
modes and amount of wear in all sections of the polyethylene in knees
that had had screw loosening and knees that had not (see sections 7.4.1.14
and 7.4.1.15).

In recent years, researchers have observed wear on the backside of
retrieved polyethylene inserts 91;92. The backside of the retrieved inserts
of the SKI prosthesis was analyzed for the presence of wear, and the
patterns of wear were studied (see section 7.4.1.16).

7.2 MATERIAL AND METHODS

7.2.1 Patient characteristics
From July 1984 to October 2001, 47 revisions due to wear or aseptic
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loosening were performed (19 total revisions due to aseptic loosening,
one total revision due to wear and 27 PE exchanges). Of all tibial inserts,
40 were available for further analysis. In six cases the patient’s name
could not be traced, leaving 34 (72.3%) tibial inserts (31 patients) available
for analysis. The mean service life of the prostheses was 12.1 years ± 3.0
(6.2-17.9). Most of the prostheses available for retrieval analysis were
size 3 (47.1%) or 4 (50.0%), with an insert thickness size 7 (82.6%) (see
Appendix 1). The characteristics of the patients are described in Appen-
dix 2. The reason for revision was wear in 23 cases and aseptic loosening
in 11 cases. In 17 knees there had been a loosening of the screw, in 15
knees the screw was fixed until revision, and in two knees it was not
known whether there had been a loosening of the screw.

Of the 20 removed femoral and tibial components, 11 (55%) femoral
components and 12 metal tibial trays (60%) were available for further
analysis. No patellar components were available for analysis.

7.2.2 Wear rate
The thickness of the loaded area of all retrieved tibial inserts was
measured on the medial and lateral sides with a Vernier calliper. These
values were subtracted from the original thickness of the polyethylene
insert, giving the wear in mm. The annual wear rate was calculated by
dividing the amount of wear of the most affected side by the service life
of the prosthesis.

7.2.3 Modes of damage
To quantify the wear, the scoring system described by Hood et al. 85 was
used. All tibial inserts were examined using 10x light stereomicroscopy.
Seven modes of surface degradation were identified:
- Burnishing: areas that have become highly polished 218;219 (see Figure

7.1).
- Scratching: indented lines generally found in an anteroposterior

direction and in the areas of wear. Scratches were differentiated from
marks made by instruments during removal of the component. Such
marks usually do not coincide with the wear areas or they do not
occur in the correct direction (see Figure 7.2).

- Pitting (or crater formation): depressions in the articulating surface,
measuring 2-3 mm across and 1-2 mm deep 220 (see Figure 7.3).

- Surface deformation: areas with permanent deformation occurring
on or around the articulating surface, presumably caused by cold
flow and/or creep (see Figure 7.4).
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Figure 7.1. Burnishing. The medial and lateral sides of this retrieved PE insert have become highly
polished.

Figure 7.2. Scratching: indented lines generally found in an antero-posterior direction and in the
areas of wear.

Figure 7.3. Pitting: depressions in the articulating surface, measuring 2-3 mm across and 1-2 mm deep.
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Figure 7.5. Delamination: areas with evidence of a subsurface failure mechanism occurring parallel
to the articulating surface.

Figure 7.6. Abrasion: a shredded or tufted appearance of the polyethylene (caused by direct contact
with bone or PMMA).

Figure 7.4. Surface deformation: areas with permanent deformation occurring on or around the
articula-ting surfaces, presumably caused by cold flow and /or creep.
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- Delamination: areas in which a large sheet of polyethylene has been
removed, with evidence around the periphery of a subsurface failure
mechanism occurring parallel to the articulating surface (see Figure
7.5).

- Abrasion: a shredded or tufted appearance of the polyethylene
(caused by direct contact with bone or PMMA) 219;221 (see Figure 7.6).

- Bone-cement debris: embedded PMMA or bone debris, recognized
by the color and/or texture difference between PMMA, bone and
polyethylene, varying from rough particles pressed into the
polyethylene surface (but still protruding from the surface) to
particles pressed into the surface and polished even with it (see
Figure 7.7).

7.2.4 Location of wear
To define the location on the insert where the damage occurred, each
tibial component was divided into ten different sections (see Figure 7.8).

7.2.5 Severity of wear
To quantitate the presence and severity of each mode of surface damage
in each section, a subjective grading system was used:
- Grade 0: the damage mode is absent from the section.
- Grade 1: the damage mode is evident in less than 10% of the surface

area of the section.
- Grade 2: the damage mode is evident in 10-50% of the surface area

of the section.
- Grade 3 the damage mode is evident in more than 50% of the surface

area of the section.

Figure 7.7. Bone-cement debris: embedded PMMA or bone debris, recognized by the color and/or
texture difference between PMMA, bone and polyethylene.

�
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The severity of the seven different modes of surface damage for each
tibial insert was determined by counting the scores of all ten zones. The
severity for each mode of surface damage can vary from 0 (concerning
mode of damage is not seen at the insert) to 30 (concerning mode of
damage is seen in all ten zones in more than 50% of the surface area of
each section).

Each tibial insert was given a total surface damage score by summing
the scores for all seven modes of damage for all sections. The score ran-
ges from 0 (no damage) to 210 (grade 3 for each of the seven degradation
modes for each of the ten sections).

7.2.6 Marks of the screw
Impingement of the screw in case of loosening may leave marks or
scratches in the polyethylene or on the femoral component. All tibial
inserts and femoral components were analyzed for marks of the screw.
The location and number of the screw marks on each tibial insert will
be described.

7.2.7 Backside wear
Backside wear can be assessed by evaluating manufacturer’s stamped
markings on the inferior polyethylene surface 222;223. The tibial insert of
the SKI prosthesis does not have these markings on the backside.
Therefore, the backside of the retrieved tibial inserts was only evaluated
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Figure 7.8. Sections 1 to 10 of the polyethylene insert, used to locate the damage.
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for the presence and location of wear. When wear was seen at the
backside of the insert, we analyzed the patterns of wear.

7.2.8 Analysis of the metal tibial baseplates and the femoral components
The metal tibial baseplates and femoral components were judged for
damage due to metal-on-metal contact and other signs of damage.

7.3 STATISTICAL ANALYSIS

The influence of body weight on the amount of wear and on the wear
rate, and the influence of the service life on the amount of wear were
analyzed with a linear regression analysis. We considered the influence
significant if the p-value was <0.05.

The differences in wear rate and amount of damage in patients with
degenerative arthritis and rheumatoid arthritis were analyzed with an
independent samples t-test. We considered differences significant if the
p-value was <0.05.

The difference in the seven modes of surface damage and in location
of damage in knees with and without screw loosening was analyzed
with an independent samples t-test. In the sections with a significant
difference in the amount of surface damage, the difference in the mo-
des of surface damage was analyzed with an independent samples t-
test. We considered differences significant if the p-value was <0.05.

7.4 RESULTS

7.4.1 Analysis of retrieved polyethylene inserts
7.4.1.1 Wear rate
The mean annual wear rate of the retrieved inserts was 0.19 mm ± 0.11
(0.04-0.49). The mean annual wear rate on the medial side was 0.17 mm
± 0.10 (0.02-0.49). The mean annual wear rate on the lateral side was
0.12 mm ± 0.11 (0.01-0.47). Although the wear rate on the medial side
was higher compared to the lateral side, the difference was not signifi-
cant (paired samples t-test, p=0.057).

7.4.1.2 Modes of damage, severity and location
The mean total score for damage of all retrieved tibial inserts was 109.9
points ± 33.0 (56-193). The severity of each mode of damage and the
number of inserts with the respective mode of damage are listed in Table
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7.1. Burnishing, scratching and pitting were seen in all retrieved
implants. Burnishing (mean score 23.4 points ± 4.2) and scratching (mean
score 22.1 points ± 5.2) were the modes of damage with the highest
scores.

Table 7.1. Mean scores for all seven modes of damage and number (%) of inserts with the respective
mode of damage (n=34).

Mode of damage Mean score ± sd (min-max) n* (%)

Burnishing 23.4 ± 4.2 (12-29) 34 (100.0)

Scratching 22.1 ± 5.2 (10-29) 34 (100.0)

Pitting 16.6 ± 5.7 (5-30) 34 (100.0)

Surface deformation 14.9 ± 8.7 (0-30) 31 (91.2)

Delamination 14.4 ± 8.5 (0-27) 31 (91.2)

Abrasion 9.5 ± 6.8 (0-23) 31 (91.2)

Bone-Cement debris 9.0 ± 8.0 (0-29) 27 (79.4)

* n = number of polyethylene inserts with concerning mode of damage

7.4.1.3 Burnishing
Burnishing was seen in all sections, but less in the center of the insert,
especially on the posterior side (section 10) (see Figure 7.9).

7.4.1.4 Scratching
Scratching was seen in all sections, most on the medial side in zones 1,
2 and 4 and less in the center on the posterior side of the insert in section
10 (see Figure 7.10).

7.4.1.5 Pitting
Pitting was seen in all sections, most on the medial side in zones 3 and
4 and less in the center of the insert in sections 9 and 10 (see Figure
7.11).

7.4.1.6 Surface deformation
Surface deformation was seen in all sections. It was seen the most on
the medial and posteromedial sides in sections 1 and 4, and least in the
center on the posterior side in section 10 (see Figure 7.12).
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Figure 7.9. Burnishing: mean score ± sd for each section.
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Figure 7.10. Scratching: mean score ± sd for each section.
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Figure 7.11. Pitting: mean score ± sd for each section.
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Figure 7.12. Surface deformation: mean score ± sd for each section.
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7.4.1.7 Delamination
Delamination was seen the most on the medial and posteromedial sides
in sections 1 and 4, and on the lateral and posterolateral sides in sections
7 and 8 (see Figure 7.13).
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Figure 7.13. Delamination: mean score ± sd for each section.
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Figure 7.14. Abrasion: mean score ± sd for each section.
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7.4.1.8 Abrasion
Abrasion was seen the most on the medial and posteromedial sides in
sections 1 and 4 (see Figure 7.14).

7.4.1.9 Bone-Cement debris
Bone and cement debris was seen the most on the medial and
posteromedial sides in sections 1 and 4, and least at the center in sections
9 and 10 (see Figure 7.15).

7.4.1.10 Total Score for each section
The mean score of damage for each section was 11.0 ± 3.1 (4.1-14.2).
Most damage was seen on the medial and posteromedial sides in sections
1 and 4. The non-loaded area in the center of the tibial insert (sections 9
and 10) had the lowest amount of damage (see Figure 7.16).

7.4.1.11 Wear and primary diagnosis
The mean annual wear rate in patients with degenerative arthritis was
0.24 mm ± 0.13, and in patients with rheumatoid arthritis 0.12 ± 0.04.
Patients with degenerative arthritis had a significantly higher wear rate
compared to patients with rheumatoid arthritis (independent samples
t-test, p=0.005). Patients with degenerative arthritis had a higher amount
of damage compared to patients with rheumatoid arthritis (113.7± 36.1
versus 91.7± 18.7), but the difference was not significant (independent
samples t-test, p=0.079).
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Figure 7.15. Bone-Cement debris: mean score ± sd for each section.
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7.4.1.12 Wear and body weight
The body weight of the patient had a significant influence on the wear
rate, but not on the total amount of wear. Heavier patients had a
significantly higher wear rate (linear regression analysis, B=0.004,
p=0.004). Heavier patients seemed to have a higher amount of wear,
but the influence of body weight on the total score of damage was not
significant (linear regression analysis, B=0.848, p=0.078) (see Figure 7.17).

7.4.1.13 Wear and service life
There was no significant relation between service life and the amount
of damage (linear regression analysis, B=-0.042, p=0.983) (see Figure
7.18).

Figure 7.16. Total Score: mean score ± sd for each section.

Table 7.2. Wear rate and total wear score in patients with degenerative arthritis and rheumatoid arthritis.
Patients with degenerative arthritis had a significantly higher wear rate compared to patients with
rheumatoid arthritis.

Degenerative arthritis (n=15) Rheumatoid arthritis (n=11) p-value¹

Wear rate (mm/year) 0.24 ± 0.13 (0.13-0.49) 0.12 ± 0.04 (0.04-0.18) 0.005
mean ± sd (min-max)

Total score of damage 113.7± 36.1 (56-193) 91.7± 18.7 (67-140) 0.079
mean ± sd (min-max)

¹ Independent samples t-test
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7.4.1.14 Marks of the screw
Screw marks were seen as striated impressions in the polyethylene in
seven (41.2%) of the 17 prostheses with loosening of the screw (see Figure
7.19).

Most of the screw marks were seen on the anterior side in sections 6,
9 and 2 (in five, four and four inserts respectively). No impressions of
the screw were seen in the medial and posteromedial sides in zones 1
and 4 (see Figure 7.20).
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Figure 7.17. Wear rate, amount of wear and body weight. Heavier patients had a significantly higher
wear rate (linear regression analysis B=0.004, p=0.004) (left). Heavier patients seemed to have a
higher amount of damage, but the relation was not significant (linear regression analysis, B=0.848,
p=0.078).

Figure 7.18. Score of damage and service life. Inserts with a longer service life did not have a higher
total score of damage (linear regression analysis, B=-0.042, p=0.983).
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Figure 7.19. Screw marks were seen as striated impressions in the poly-ethylene (arrows).

The number of sections with screw marks on the inserts varied from
one to eight. In two inserts screw marks were seen in only one section,
in three inserts screw marks were seen in two sections, in one insert
screw marks were seen in three sections, and in one insert screw marks
were seen in eight sections (see Table 7.3).

In three femoral components marked scratches were seen, probably
due to impingement of a screw. In one femoral component marks of the
thread of the screw were found on the anterior flange of the metal com-
ponent (see Figure 7.21).
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Figure 7.20. Number of inserts with screw impressions in the ten different sections of the tibial insert.
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Table 7.3. Number of inserts and number of sections with impressions of the screw.

Number of sections with screw impressions Number of inserts

1 2

2 3

3 1

8 1

Figure 7.21. Marks of the screw were seen as marks of the thread of the screw in one femoral component
(left) or marked scratches (right).

7.4.1.15 Wear and screw loosening
The mean annual wear rate in knees without screw loosening was 0.14
mm ± 0.07. The mean annual wear rate in knees that had had a loosened
screw was 0.23 mm ± 0.13. Knees with a loosened screw had a signifi-
cantly higher wear rate compared to knees without screw loosening
(independent samples t-test, p=0.020).

The mean total score of damage in knees without screw loosening
was 95.1 points ± 26.2, and in knees with screw loosening 122.1 points ±
33.1. Knees with screw loosening had a significantly higher total score
of damage compared to knees that had no screw loosening (independent
samples t-test, p=0.017) (see Table 7.4).

��
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The mean scores for the seven different modes of damage in knees
with and without screw loosening are listed in Table 7.5. The mean sco-
res for all seven modes of damage were higher in knees with screw
loosening compared to knees without screw loosening. Significantly
more scratching, surface deformation and bone-cement debris were seen
in knees with screw loosening compared to knees without screw
loosening (see Table 7.5).

Table 7.4. Wear rate and total wear score in knees with and without screw loosening. Knees with screw
loosening had a significantly higher wear rate and total score for damage.

No screw loosening (n=15) Screw loosening (n=17) p-value¹

Wear rate (mm/year) 0.14 ± 0.07 (0.04-0.32) 0.23 ± 0.13 (0.11-0.49) 0.020
mean ± sd (min-max)

Total score of damage 95.1± 26.2 (56-141) 122.1± 33.1 (82-193) 0.017
mean ± sd (min-max)

¹ Independent samples t-test

Table 7.5. Scores for the seven modes of damage in knees with and without screw loosening. Significantly
more scratching, surface deformation and bone-cement debris were seen in knees with screw loosening.

Modes of damage No screw loosening (n=15) Screw loosening (n=17) p-value¹
mean score ± sd (min-max)  mean score ± sd (min-max)

Burnishing 23.1 ± 4.0 (14-29) 24.2 ± 3.8 (16-29) 0.453

Scratching 19.9 ± 5.5 (10-28) 23.9 ± 4.0 (17-29) 0.022

Pitting 15.1 ± 5.3 (5-24) 17.6 ± 5.9 (7-30) 0.216

Surface deformation 9.9 ± 9.5 (0-27) 18.2 ± 5.5 (10-30) 0.007

Delamination 13.5 ± 9.0 (0-26) 15.4 ± 8.3 (1-27) 0.528

Abrasion 7.9 ± 6.5 (0-19) 10.9 ± 7.4 (1-23) 0.234

Bone-Cement debris 5.8 ± 6.7 (0-20) 11.8 ± 8.2 (0-29) 0.033

¹Independent samples t-test

The mean scores of damage for all ten sections in knees with and
without screw loosening are listed in Table 7.6. The mean scores of
damage in all ten sections were higher in knees with screw loosening
compared to knees without screw loosening. In knees with screw
loosening, significantly more damage was seen in section 1 (the medial
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part of the medial side of the insert) and section 5 (the medial part of the
lateral side of the insert). The difference in all other zones was not signi-
ficant.

Table 7.6. Scores of damage in all ten sections in knees with and without screw loosening. In sections 1
and 5, significantly more damage was seen in knees with screw loosening.

Sections No screw loosening (n=15) Screw loosening (n=17) p-value¹
mean score ± sd (min-max)  mean score ± sd (min-max)

1 11.9 ± 5.1 (7-21) 15.9 ± 4.6 (8-21) 0.023

2 11.8 ± 4.6 (6-21) 12.8 ± 5.0 (5-21) 0.556

3 9.9 ± 5.4 (3-21) 13.0 ± 5.6 (4-21) 0.126

4 12.1 ± 5.0 (8-21) 15.3 ± 4.4 (10-21) 0.063

5 9.3 ± 3.7 (1-15) 12.8 ± 4.9 (5-21) 0.034

6 10.0 ± 2.7 (5-14) 12.3 ± 4.9 (6-21) 0.109

7 10.7 ± 3.4 (7-18) 13.9 ± 5.5 (6-21) 0.055

8 10.3 ± 3.2 (6-16) 13.1 ± 5.2 (5-21) 0.083

9 6.0 ± 3.0 (1-10) 7.8 ± 4.2 (2-17) 0.171

10 3.1 ± 2.0 (0-8) 5.1 ± 4.3 (0-18) 0.114

¹Independent samples t-test

The scores for all seven modes of damage in sections 1 and 5 in
knees with and without screw loosening are listed in the Tables 7.7 and
7.8. In sections 1 and 5, all scores for the seven modes of damage were
higher in the knees with screw loosening compared to knees without
screw loosening. In section 1 significantly more surface deformation,
delamination and abrasion were seen in knees with screw loosening
compared to knees without screw loosening. The differences in scores
for the other modes of damage were not significant.

In section 5 significantly more scratching, surface deformation and
bone-cement debris were seen in knees with screw loosening compared
to knees without screw loosening. The differences in scores for the other
modes of damage were not significant.
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Table 7.7. Section 1: scores for the seven modes of damage in knees with and without screw loosening.
Significantly more surface deformation, delamination and abrasion were seen in knees with screw
loosening.

Modes of damage No screw loosening (n=15) Screw loosening (n=17) p-value¹
mean score ± sd (min-max)  mean score ± sd (min-max)

Burnishing 2.7±0.5(2-3) 2.8±0.7(0-3) 0.683

Scratching 2.5±0.7(1-3) 2.8±0.4(2-3) 0.188

Pitting 1.7±1.0(0-3) 2.1±0.9(1-3) 0.276

Surface deformation 1.5±1.1(0-3) 2.2±1.0(0-3) 0.047

Delamination 1.6±1.4(0-3) 2.5±0.9(0-3) 0.044

Abrasion 1.1±1.2(0-3) 2.0±1.1(0-3) 0.032

Bone-Cement debris 0.8±1.4(0-3) 1.5±1.3(0-3) 0.138

¹Independent samples t-test

Table 7.8. Section 5: scores for the seven modes of damage in knees with and without screw loosening. In
knees with screw loosening, significantly more scratching, surface deformation and bone-cement debris
were seen.

Modes of damage No screw loosening (n=15) Screw loosening (n=17) p-value¹
mean score ± sd (min-max)  mean score ± sd (min-max)

Burnishing 2.3 ± 0.9 (0-3) 2.7 ± 0.6 (1-3) 0.171

Scratching 1.7 ± 1.0 (0-3) 2.4 ± 0.8 (1-3) 0.037

Pitting 1.6 ± 0.9 (0-3) 1.8 ± 1.0 (0-3) 0.625

Surface deformation 0.9 ± 1.1 (0-3) 2.0 ± 0.9 (0-3) 0.002

Delamination 1.4 ± 1.1 (0-3) 1.5 ± 1.3 (0-3) 0.765

Abrasion 0.9 ± 1.0 (0-3) 1.1 ± 1.2 (0-3) 0.520

Bone-Cement debris 0.5 ± 0.9 (0-3) 1.2 ± 1.0 (0-3) 0.045

¹Independent samples t-test

7.4.1.16 Backside wear
In fourteen (82.4%) of the 17 knees that had had screw loosening, a wear
pattern was seen that may be caused by rotational movement of the
insert (see Figure 7.22). None of the inserts with a fixed screw had this
pattern of wear. This rotational wear pattern was also found on seven
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metal tibial trays. Five of the knees with this wear pattern at the tibial
tray had had loosening of the screw, and in two cases it was not known
whether the screw was loose or not, because the name of the patient
was missing.

In 30 (93.8%) of the tibial inserts available for examination of wear
was surface deformation seen on the backside of the insert at the medial
and lateral edges (see Figure 7.23). In two cases surface deformation
was only seen at the medial edge, in two cases only at the lateral edge,
and in 26 cases on both sides.

Figure 7.22. A rotational pattern of wear was seen on the backside of the polyethylene insert (left) and
on the metal tibial tray (right). This pattern of wear was only seen in knees that had had loosening of
the screw.

Figure 7.23. In 93.8% of the inserts
that were available for analysis,
surface deformation was seen at the
edge of the tibial insert on the
backside.

�

In knees that had no screw loosening, surface deformation at the
edges on the backside was seen in 12 of the 13 inserts (92.3%). In knees
with screw loosening, surface deformation at the edges on the backside
was seen in 16 of the 17 available inserts (94.1%). This difference is not
significant (independent samples t-test, p=0.850).
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Table 7.9. Thickness of the insert and wear at the edge on the backside. No significant relation was found
between wear at the edge on the backside and PE thickness.

Thickness of the insert n Wear at the edge No wear at the edge

7 27 26 (96.3%) 1 (3.7%)

9 3 3 (100%)

11 1 1 (100%)

13 1 0 1 (100%)

The thickness of the inserts that had no surface deformation at
the edge on the backside was size 7 in one case and size 13 in the other
(see Table 7.9). No significant relation was found between the thickness
of the insert and wear at the edge on the backside (logistic regression
analysis, B=-0.733, p=0.052).

7.4.2 Analysis of retrieved metal tibial baseplates
In nine (75%) of the 12 retrieved tibial components, damage of the metal
was seen due to metal-on-metal contact (see Figure 7.24). In seven cases
the damage was seen on the medial side, in one case on the lateral side,
and in one case on both sides. In six cases with damage due to metal-
on-metal contact, the prosthesis was loose. In the other three cases this
was not known because the name of the patient was missing.

Figure 7.24. Damage of the metal
tibial baseplate due to metal-on-
metal contact.

�
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7.4.3 Analysis of retrieved femoral components
In seven (63.6%) of the 11 retrieved femoral components, damage of the
metal was seen due to metal-on-metal contact. In five components the
damage was seen on the medial side, in one component the damage
was seen on the lateral side, and in one component the damage was
seen on the medial and lateral sides. In five cases with damage due to
metal-on-metal contact, the prosthesis was loose. In the other two cases
this was not known because the name of the patient was missing.

7.5 DISCUSSION

Wear is the abrasion of material, with the generation of wear particles,
that occurs as a result of the relative motion between two opposing
surfaces under load 224. Most studies about polyethylene wear in total
knee replacement are retrieval analyses. Benjamin et al. 194 found an
average annual wear rate of 0.35 mm in 33 retrieved polyethylene inserts
from three different posterior cruciate-retaining knee systems. Mikulak
et al. 225 found an annual wear rate of 0.30 mm on the medial side and
0.16 mm on the lateral side at retrieval analysis of a posterior-cruciate
substituting total knee replacement. In this study we found a mean
annual wear rate of 0.19 mm at the retrieval analysis. We found a mean
annual wear rate of 0.26 mm for prostheses with wear at radiographic
analysis (see Chapter 5). The mean annual wear rate at the retrieval
analysis may be lower because the majority (73.5%) of the inserts had a
full thickness wear, while only 25.8% of the inserts at radiographic
analysis had a full thickness wear. Measuring the wear rate in knees
with full thickness wear may underestimate the wear rate. In addition,
the knees at radiographic examination were different knees than those
at retrieval analysis. Only five inserts were both available for radiographic
and retrieval analysis. The mean annual wear rate at retrieval analysis
for these inserts was 0.17 mm ± 0.08, and at radiographic examination
0.20 mm ± 0.13. The difference between the wear rate at retrieval analysis
and at radiographic examination of these inserts was not significant
(paired samples t-test, p=0.770). Unfortunately, we did not have enough
fluoroscopically centralized radiographs of the retrieved implants to
correlate the damage of the insert with the position of the prosthesis or
the alignment of the leg.

Hood et al. 85 described wear of the articular surface in seven modes,
four grades and ten sections. In this study of 34 retrieved tibial inserts,
burnishing, pitting and scratching were seen in all tibial inserts in one
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or more sections. Burnishing and scratching contributed the most to the
total amount of damage. Most damage was seen at the medial and
posteromedial sides in sections 1 and 4, followed by the lateral and
posterolateral sides in sections 7 and 8. Especially abrasion, delamination
and surface deformation were seen in these sections. Abrasion may be
caused by eccentric loading by the condyles of the femoral component,
perhaps associated with rotational torques 85. Delamination is thought
to be caused by the high shear stresses occurring beneath the surfaces 226.
Surface deformation is presumably caused by cold flow and/or creep
of the polyethylene 85. The results of this study suggest that the postero-
medial side of the SKI prosthesis carries most of the load, followed by
the posterolateral side. The posterior part of the femoral component of
the SKI prosthesis is sharply curved, which may cause more point-
loading in flexion. This may cause more damage on the posterior side
of the tibial insert.

Patients with degenerative arthritis had a significantly higher wear
rate compared to patients with rheumatoid arthritis, but they did not
have a higher amount of wear. Patients with degenerative arthritis had
a higher activity level (see Chapter 4) and they were heavier (see Ap-
pendix 2) compared to patients with rheumatoid arthritis. This may
explain the higher wear rate in patients with degenerative arthritis.

Hood et al. 85 found a significantly positive correlation for surface
damage and body weight of the patient and the time the prosthesis was
implanted. We found a significantly positive correlation for body weight
and wear rate, but not for body weight and total amount of surface
damage. In this study, prostheses with a longer service life did not have
more damage.

In Chapter 3 we found that screw loosening was one of the factors
that contributed to wear. In Chapter 5 (section 5.5) we found that knees
with screw loosening had a significantly higher wear rate than knees
without screw loosening. At retrieval analysis, knees with loosening of
the screw had a significantly higher wear rate and significantly more
damage. The higher amount of wear in knees with loosening of the screw
might be caused by damage due to the screw itself. We found
significantly more scratching in knees with screw loosening. Most of
the screw marks were seen on the anterior part of the tibial insert in
zones 2, 6 and 9. The screw of the SKI prosthesis is fixed on the anterior
part of the tibial insert in zone 9. In most cases the screw will probably
remain in the anterior part of the knee, but screw marks were also found
in the posterior part in zones 8 and 10. In knees with screw loosening
significantly more surface deformation and bone cement-debris were
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also seen. In section 1 significantly more abrasion, delamination and
surface deformation were seen. In section 5 significantly more surface
deformation and bone-cement debris were seen. We also found a
rotational pattern of wear on the backside of the tibial polyethylene insert
and on the metal tibial tray in knees with screw loosening. This rotational
pattern of wear was not seen in knees with a fixed screw. El Nahass et
al. 227 showed that a normal knee prosthesis should allow a mean rotation
of 24 degrees. In knees with loosening of the screw, the polyethylene
insert probably rotates in the metal tibial tray, causing more abrasion,
delamination and surface deformation of the articular surface due to
abnormal loading and a rotational pattern of wear on the backside.

In recent studies, wear was observed on the backside of retrieved
modular components 92;222;223. Micromotion between the polyethylene and
the metal tray was found both at mechanical testing in vitro 91 and in
vivo 119. Furman et al. 222 found evidence of backside wear by removal of
the stamped manufacturer’s markings. They estimated that the mass of
polyethylene debris from the backside of retrieved inserts exceeded
debris from the articular surface twofold to hundredfold. The backside
of the tibial insert of the SKI prosthesis does not have these stamped
markings. Therefore, the contribution of backside wear to the total
amount of wear could not be quantified, but if there is a rotational
movement of the tibial insert on the metal tray it must be assumed that
backside wear is an important issue in the SKI prosthesis. Polyethylene
debris generated at the tibial insert undersurface has been related to
tibial osteolysis 92;228;229. It has been hypothesized that small, submicron
particles may be a greater stimulus to the macrophage to produce
inflammatory mediators that result in osteolysis 230-232. The size of the
particles generated by backside wear is generally smaller compared to
the size of the particles generated at the articular surface in knee
arthroplasty 233. This may explain the finding in Chapter 6 that loosening
of the screw was the only significant factor contributing to an increase
in radiolucency around the prosthesis.

Damage due to metal-on-metal contact was seen in 63.6% of all
retrieved femoral and in 75% of all tibial components. In all cases in
which the name of the patient was known, these components were loose.
In this series only one prosthesis with damage of the metal parts was
revised, while it was still well-fixed (see Chapter 3). All other prostheses
with damage of the metal parts were loose. Metal-on-metal contact may
contribute to loosening of the prosthesis.
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7.6 CONCLUSIONS

The mean annual wear rate at retrieval analysis was 0.19 mm. Heavier
patients and patients with degenerative arthritis had a significantly
higher wear rate, but they did not have a higher amount of damage.
Most damage was seen on the medial and posteromedial sides in sections
1 and 4, followed by the lateral and posterolateral sides in sections 7
and 8.

In knees with screw loosening, significantly more scratching,
abrasion, delamination and surface deformation were seen, especially
in sections 1 and 5. A rotational pattern of wear was only seen on the
backside of inserts and on the metal tibial baseplates of prostheses that
had had screw loosening. In knees with screw loosening the polyethylene
insert probably rotates, which may cause more backside wear and more
surface damage at the articular surface, due to abnormal loading.

Metal-on-metal contact may contribute to aseptic loosening of the
prosthesis.
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In this chapter a general overview of the results of this study will be
given with the answers to the questions as described in section 2.2. The
results already have been discussed in the previous chapters. References
to the concerning discussions will be given in the text.

8.1 LONG-TERM SURVIVAL AND CLINICAL PERFORMANCE OF THE SKI

PROSTHESIS

The long-term survival of the SKI prosthesis is good. We found a
cumulative survival rate of 86.6% ± 3.2 at 19 years, with removal of the
prosthesis or recommended revision due to mechanical problems or
aseptic loosening as an endpoint, and 83.4% ± 3.5 if removal of the
prosthesis due to infection was included as an endpoint. Significantly
more aseptic loosening was seen in patients with a higher activity level
and in knees with wear (see section 3.4).

Total knee replacement with the SKI prosthesis provides a signifi-
cant decrease in pain and a significant improvement in range of motion,
stability, alignment and patient function, in patients with both primary
and secondary knee arthritis. The improvement in clinical performance
is durable. Increased mobility after knee replacement may reduce social
isolation and have other benefits, such as improved cardiovascular
fitness 234. The clinical performance after total knee replacement is
influenced by many different factors. Some factors may be interconnected
and may influence the clinical performance in different ways. Some of
these factors may appear to be significant if analyzed separately, but
they are not significant in an analysis corrected for all factors. Besides,
knees are nested within patients, which also may affect the outcome. To
select the factors that are really important, analyses of long-term outcome
should be performed as multilevel analyses to correct for all factors that
might influence the clinical performance, and to correct for patient
factors (for example body weight or diagnosis) and knee factors (for
example previous surgery or time of follow-up). Considering all factors
that might influence the clinical performance of the SKI prosthesis, age
at the time of surgery was the most important factor determining the
outcome. Younger patients had significantly worse Knee Scores,
significantly less range of motion and significantly less flexion. Younger
patients had a higher activity level compared to older patients, which
may explain the higher amount of wear seen in these younger patients.
Wear and a higher activity level may increase the risk of aseptic loosening
of the prosthesis in younger patients. No significant difference in clinical
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performance was seen between male and female patients or between
patients who had had previous surgery (high tibial osteotomy,
synovectomy or an arthrotomy) and patients who had not. The outcome
in patients with rheumatoid arthritis and patients with degenerative
arthritis is comparable, but patients with rheumatoid arthritis had a
worse clinical performance before total knee replacement and therefore
benefit more from total knee replacement (see section 4.4).

8.2 COMPLICATIONS

Thromboembolic complications were seen in 1.5% of all procedures (one
DVT and four non-fatal pulmonary embolisms). Transient peroneal
nerve palsy was seen in six procedures (1.8%). Excessive hematoma was
seen in 15 knees (4.4% of all procedures), five of which required
evacuation of the hematoma. Delayed wound healing or superficial
infection was seen in 12 knees (3.5%). No factor could be identified that
increased the risk of developing delayed wound healing or a superficial
infection.

Deep infection was seen in 12 knees (3.5%). In case of deep infection,
the prosthesis could not be maintained in seven (58.3%) of the cases. In
case of previous ulceration of the leg, patients had a significantly higher
risk of developing a deep infection. Delayed wound healing was another
factor increasing the risk of deep infection.

Manipulation of the knee was performed in 32 knees (9.4%). Patients
with flexion contractures pre-operatively and patients with degenerative
arthritis needed a manipulation more often. No difference in range of
motion was seen at follow-up between patients who had had a
manipulation and patients who had not.

Patellofemoral complications requiring surgery were seen in 15 knees
(4.4%): four patellar fractures, three ruptures of the extensor mechanism,
and eight knees had an exploration because of patellar pain. Anterior
knee pain was seen in 16.5% of the patients in the first follow-up study
and in 22.7% of the patients in the second follow-up study. Patients
with rheumatoid arthritis and other diagnoses and patients who had
had a PE exchange had significantly more anterior knee pain. We have
no explanation for this. We found no relation between anterior knee
pain and osteophytes around the patellar component. Patellar instability
was not a clinical problem in our study. The raised lateral border of the
femoral component, which prevents the patella from dislocation, might
explain this (see section 3.4).
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8.3 SCREW LOOSENING: INCIDENCE, FACTORS CONTRIBUTING TO IT

AND CONSEQUENCES

One of the weak points in the design of the SKI prosthesis is the locking
mechanism of the tibial insert with a screw. Screw loosening was seen
in 38 knees (11.1% of all SKI prostheses implanted and 17.8% of the
knees that were available for follow-up or revised). Activity level was
the only factor that contributed significantly to screw loosening. Patients
with a higher activity level had significantly more screw loosening (see
section 3.4).

In the total population available for clinical follow-up, knees with
screw loosening had significantly more wear. At radiographic follow-
up, knees with screw loosening had an annual wear rate of 0.39 mm ±
0.45. This was more than four times higher compared to knees that had
no screw loosening. Wear is unlikely to cause the screw loosening,
because screw loosening was already seen within two years after
implantation of the prosthesis in knees that had no signs of wear. Besides,
the screw is fixed in the central part of the insert, where no wear was
seen.

At retrieval analysis, knees that had had screw loosening showed a
significantly higher wear rate and significantly more damage. In knees
with screw loosening, significantly more abrasion, surface deformation,
delamination and scratching were seen, especially in sections 1 and 5.
Only in knees with screw loosening was a rotational pattern of wear
seen on the backside of the tibial insert and on the metal tibial baseplate.
This backside wear could not be quantified. In knees with screw
loosening, the polyethylene insert probably rotates in the metal tibial
tray, causing more articular wear due to abnormal loading and backside
wear. The backside wear may cause wear debris with smaller particles,
which may explain the significant increase in radiolucency seen in knees
with screw loosening (see section 7.5).

8.4 SURVIVAL AND CLINICAL PERFORMANCE AFTER POLYETHYLENE

EXCHANGE

No significant difference in clinical performance or wear rate was seen
before and after PE exchange. No deterioration of the clinical
performance in time was seen after PE exchange (see section 4.4).
In our study, no aseptic loosening was seen after PE exchange after a
mean follow-up of 2.6 years ± 1.6. Other studies showed a high rate of
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failure after isolated tibial insert exchange 117;118. Engh et al. 119 found a
deterioration in locking mechanism in time in modular knee prostheses.
In case of PE exchange of the SKI prosthesis, the fixation mechanism of
the tibial insert beneath the raised border of the metal tibial baseplate is
probably not compromised. After PE exchange, the screw was locked
with a locking pin (see Chapter 1). This might provide a better fixation
of the insert after PE exchange compared to the deteriorated locking
mechanisms in other studies. Besides, thicker PE inserts were used in
case of a PE exchange. Studies with a longer follow-up time will have
to be performed to show if isolated PE exchange in the SKI prosthesis is
a durable procedure (see section 3.4).

Bert et al. 235 reviewed 62 revision total knee arthroplasties performed
secondary to modular insert failure. In 88.7%, significant damage to the
femoral and/or tibial component occurred, necessitating revision of one
or both components. In our study, only one prosthesis (3.6%) needed a
revision of all components due to damage of the metal parts, while the
prosthesis was still well-fixed. The small amount of damaged metal parts
in our series is probably due to regular outpatient visits and early
recognition of wear and subsequent exchange of the polyethylene. In
knees with damage of the metal parts 95% of the prostheses showed
signs of aseptic loosening. Metal-on-metal contact may contribute to
aseptic loosening of the prosthesis. We recommend regular radiographic
examination of modular prostheses to avoid damage due to metal-on-
metal contact, preferably with fluoroscopically centralized radiographs
(see section 7.5).

8.5 DETERMINING THE AMOUNT OF WEAR IN VIVO

Wear is the abrasion of material that occurs as a result of the relative
motion between two opposing surfaces under load. By measuring the
distance between the metal femoral and tibial components of a knee
prosthesis on a radiograph, the remaining PE thickness can be calculated
after correction for the magnification factor. Because the SKI prosthesis
has a raised border on the metal tibial tray, it can be centralized
fluoroscopically with accuracy by rotating the leg and the X-ray tube
until the X-ray beam is perfectly parallel to the metal tibial tray. By
measuring the PE thickness of different unused inserts with a Vernier
calliper and on a radiograph, we calculated an intraclass correlation
coefficient of 0.999 between both measurements. The PE thickness of
the SKI prosthesis can be measured accurately on a fluoroscopically
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centralized radiograph. Because most knee prostheses do not have marks
to centralize the knee prosthesis, we advise manufacturers to add a
marker to the polyethylene. This will allow the clinician to determine of
the amount of wear in vivo, provided that fluoroscopically centralized
radiographs are used. In this study we were not able to determine the
course of wear (see section 5.4.3).

8.6 WEAR CHARACTERISTICS AND FACTORS CONTRIBUTING TO WEAR

In the group of patients available for radiographic examination of the
SKI prosthesis, the mean annual wear rate was 0.14 mm ± 0.25. This
means a full thickness wear of the thinnest available insert in 14 years.
Knees with wear had an annual wear rate of 0.29 mm ± 0.33. At retrieval
analysis, the annual wear rate was 0.19 mm ± 0.11.

Most damage at retrieval analysis was seen on the posteromedial
and to a lesser extent on the posterolateral side. Especially abrasion,
which may be caused by eccentric loading by the condyles of the femoral
component associated with rotational torques 85; delamination, which
may be caused by the high shear stresses occurring beneath the surfaces
226; and surface deformation, presumably caused by cold flow and/or
creep 85 were seen in these sections. The higher amount of damage on
the posterior side might be caused by the design of the prosthesis. The
femoral component has a sharply curved posterior side and the tibial
component is relatively flat. Both factors may cause localized areas of
high-pressure wear and deformation of the polyethylene on the posterior
side. Another factor that may play a role is retention of the posterior
cruciate ligament (PCL). If the PCL is too tight, the knee may “open like
a book” instead of allowing a femoral rollback. This may deform the
polyethylene on the posterior side 236 (see section 7.5).

In the clinical follow-up study, younger patients, more active patients
and knees with screw loosening showed significantly more wear (see
section 3.4). At radiographic examination, significantly more wear and
a significantly higher wear rate was seen in knees with screw loosening
(see section 5.5.4). At retrieval analysis heavier patients had a higher
wear rate, knees with screw loosening had a higher wear rate compared
to knees without screw loosening, and patients with degenerative
arthritis had a higher wear rate compared to patients with rheumatoid
arthritis (see section 7.5).
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8.7 DETERMINING ALIGNMENT ON A SHORT RADIOGRAPH

In this study, alignment of the leg could not be determined on short
radiographs. Measuring the FTA on a short radiograph may differ 3.0°
± 3.1 or 3.2° ± 2.8 from the FTA measured on a full-length leg radiograph,
depending on the positioning of the anatomical axes of the femur and
tibia.

8.8 ALIGNMENT OF THE PROSTHESIS AND THE LEG

With an intramedullary guidance instrument, a knee prosthesis is not
aligned through the real anatomical axis of the femur and tibia. The
point of intersection of the anatomical axis of the femur and tibia
generally crosses above the knee joint. The FTA determined with an
intramedullary guidance instrument is significantly different from the
FTA through the anatomical axis of the femur, with an average difference
of 1.8° ± 2.0 (see section 5.4.2).

8.9 ALIGNMENT OF THE PROSTHESIS AND THE LEG AND WEAR

In the selected group of patients available for radiographic examination
of the SKI prosthesis, we found a malalignment of the femoral compo-
nent in the AP view and the tibial component in both the AP and lateral
views in almost one quarter of the knees, and a malalignment of the
femoral component in the lateral view in 55.6%. Malalignment of the
leg was seen in 74.1% of the knees. Although the alignment of the
prosthesis or the leg may have been changed in time, the external
guidance instruments used in the SKI prosthesis probably did not align
the components accurately (see sections 5.6.4 and 5.7.4).

At radiographic follow-up, knees with the femoral component placed
in flexion and especially placed in extension, and knees with increased
backslope or an upslope seemed to have a higher wear rate, but the
relation was not significant. Knees with a valgus and especially a varus
alignment seemed to have a higher wear rate, but the relation was not
significant either. To study the influence of the alignment of the
prosthesis and the alignment of the leg on the wear rate, an analysis
among a larger group of patients with documentation of the initial
alignment should be performed (see sections 5.6.4 and 5.7.4).
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8.10 RADIOGRAPHIC LONG-TERM RESULTS

Osteolysis was not reported as a clinical problem in cemented knee
arthroplasty with the first generation of one-piece tibial components 81;84.
The AGC knee, for example, with a nonmodular, compression moulded
tibial component, showed no radiolucency after 4 to 15 years of follow-
up 237. The SKI prosthesis is a modular prosthesis. After introduction of
modular polyethylene inserts in the mid-1980s, failure due to osteolysis
was recognized as a major clinical problem. Evaluation of the
radiolucency around the SKI prosthesis showed radiolucency in 78.6%
of the knees at final follow-up. Most radiolucency was seen at the edges
of the prosthesis. In 42.9% of the knees without clinical signs of loosening,
an increase in radiolucency was seen around all components. Screw
loosening was the only factor contributing to the increase significantly.
None of the knees without clinical signs of loosening had a decrease in
radiolucency. The increase was seen on the anterior side around the
femoral component, around the stem of the tibial component from the
AP view, and in all zones around the tibial component from the lateral
view and the patellar component. The increase in radiolucency must
alert the physician of impending loosening at further follow-up of the
SKI prosthesis.

In prostheses with clinical signs of loosening, only a slight amount
of radiolucency was seen around the femoral component, with minor
progression, probably because the radiolucent zones are obscured by
the other femoral condyle. Most changes in radiolucency were seen
around the tibial component: one prosthesis had a significant increase
in radiolucency and the other prosthesis had a decrease, due to a change
in position and tilting of the component.

More radiolucency was seen in patients with degenerative arthritis,
heavier patients and knees with wear or screw loosening, but corrected
for all factors none of these factors had a significant influence on the
amount of radiolucency.

No relation was found between radiolucency around the patellar
component and anterior knee pain (see section 6.6).

8.11 LESSONS WE CAN LEARN FROM THE SKI PROSTHESIS

Total knee replacement should provide a pain-free, stable knee joint,
which allows full weight-bearing and has a good range of motion. Wear
of the polyethylene and disruption of the bonding between the
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prosthesis, the cement and the bone may lead to the development of
instability and loosening of the prosthesis, necessitating revision proce-
dures. When osteolysis is present, the loss of bone at revision surgery
may challenge the surgeon to achieve the above-mentioned goals.

Because many new designs are developed nowadays, it is impor-
tant to review the reasons of failure of former designs. Only by carefully
analyzing the reasons for failure can the weak points of a design be
evaluated and the good properties of the design developed further. One
of the weak points of the design of the SKI prosthesis was the locking
mechanism of the tibial insert with a screw. In this study, knees with
screw loosening showed more wear, a higher wear rate and a signifi-
cant increase in radiolucency. In the retrieval study, knees with screw
loosening had a rotational pattern of wear at the backside of the insert
and at the tibial baseplate. In case of screw loosening the tibial insert
may rotate, causing more wear and backside wear with smaller partic-
les, which may explain the increase in radiolucency. To evaluate if smaller
particles play a role in the increase in radiolucency, the wear debris of
knees with and without screw loosening should be analyzed. Although
the fixation mechanism of the PE insert had a poor design, the
cumulative survival rate of this prosthesis is high and it provided a
durable decrease in pain as well as significant improvement in range of
motion, stability, alignment and patient function. Had the fixation
mechanism of the PE insert been better, the survival rate might have
been even higher. The high survival rate might be due to the fact that
the design of the stabilizing “Totalplateau” of the SKI prosthesis used at
Groningen University Hospital is similar to the total condylar design,
which proved to be reliable 50.

The thickness of the polyethylene of the SKI prosthesis turned out
to be far below the recommended eight to ten millimeters. However, no
relation was found in this study between PE thickness and wear,
radiolucency, loosening or failure of the prosthesis. The relation may
not have been detected because proportionally many thin PE inserts
were used (sizes 7 and 9 with a thickness of 2.0 and 4.0 mm in 93% of
the cases).

By measuring the alignment of the leg and of the prosthesis in the
bone, malalignment was found in the majority of the knees. Because
the alignment was not measured shortly after implantation of the
prosthesis, it may have changed in time. On the other hand, placement
with the extramedullary guidance instruments of the SKI prosthesis (see
Fig. 1.3a-b) is probably not very accurate. Contemporary guidance
instruments for prosthetic knee replacement allow a better positioning
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of the components than the external guidance instruments of the SKI
prosthesis did. With the high survival rates in poorly placed knee
prostheses, the gain of perfecting the alignment with computer
navigation in routine knee replacement should be questioned.

Modular implants offer the advantage of isolated exchange of the
polyethylene in case of wear. In this study no aseptic loosening or
deterioration in clinical outcome were seen after isolated insert exchange.
After introduction of modular implants, osteolysis became a clinical
problem. Recent studies ascribe this phenomenon to micromotion bet-
ween the polyethylene and the metal tibial tray, which may cause small
wear particles. In this study a high amount of progressive radiolucency
was seen around the modular SKI prostheses, especially in knees with
screw loosening. Radiolucency is not seen in prostheses with a fixed
bearing 237;238. Although modularity offers a quick and relatively simple
solution to full thickness wear of the polyethylene, the use of modular
implants must be reconsidered with regard to the signs of disruption of
the bonding between the prosthesis, the cement and the bone at longer
follow-up.

Clinical performance after total knee replacement is influenced by
many different factors. To select the factors that are really important,
analyses of long-term outcome should evaluate all factors that might
influence the outcome together. In total knee replacement with the SKI
prosthesis, age at the time of surgery turned out to be the most impor-
tant factor determining the outcome. Younger patients had a significantly
worse clinical performance after total knee replacement with the SKI
prosthesis. They were also more active and had more wear, and are
therefore at a higher risk of aseptic loosening. Total knee replacement in
younger patients should be considered thoroughly.

In this study a retrospective analysis of the clinical performance was
done at two separate moments by two different observers. The patients
seen in the second follow-up study were a selection of the patients seen
in the first follow-up study. The patients seen in the second follow-up
study seemed to have a worse clinical performance at follow-up
compared to the patients seen in the first follow-up study. This may be
ascribed to deterioration of the clinical performance in time or it may be
due to interobserver variability. Further analysis showed that the patients
seen in the second follow-up sudy already had a worse clinical
performance in the first follow-up study. Therefore retrospective stu-
dies evaluating the long-term results of a surgical intervention at a sin-
gle moment in time should be interpreted with caution. Because patients
may die or may be lost to follow-up, long-term follow-up studies are
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performed in a selected group of patients, which may affect the outcome.
The long-term outcome of prosthetic replacement is best evaluated in a
prospective study, with regular follow-up and standardized
questionnaires.

The SKI prosthesis showed that the amount of wear could be
determined accurately in vivo, because it can be centralized
fluoroscopically due to a raised border of the metal tibial tray. Adding a
marker to the polyethylene will allow other prostheses to be centralized
fluoroscopically too. Because different patient factors may influence
polyethylene wear and different designs of knee prostheses may have
different wear characteristics, determination of the amount of wear in
vivo should be studied to show which factors are most important and
which designs have the least wear.

Regular radiographic follow-up, preferably with fluoroscopically
centralized radiographs, may recognize full thickness wear of the PE
insert at an early stage. In modular prostheses, early exchange of the PE
insert may avoid damage due to metal-on-metal contact, which may
cause aseptic loosening of the prosthesis. However, with the greater
numbers of prosthetic joint replacements, surveillance of these patients
becomes more time-consuming 239.
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Summary
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Since the 1970s, the development of total knee replacement has evolved
thanks to the incorporation of the low-friction concept and materials
proven in the development of total hip arthroplasty during the 1960s.
Many new designs have been developed since then, all of them in
laboratories. The only way to evaluate the function of a design is to
evaluate the long-term results thoroughly. This study describes the long-
term results of the SKI knee prosthesis; this is a prosthesis of the condylar
type, with a replaceable polyethylene insert. The condylar type knee
prosthesis is mostly used nowadays. The insert of the SKI prosthesis is
fixed with a screw. One of the main reasons to start this follow-up study
was because loosening of this screw was seen in several patients. The
SKI prosthesis was available in three types. The type with a stabilizing
“Totalplateau” was originally designed for knees with ACL and PCL
instability (see Figure 1.1c). This type of prosthesis was used as a
standard prosthesis in all cases at Groningen University Hospital from
January 1982 to July 1991, with resection of the ACL only.

Chapter 1 presents a brief history of the development of total knee
arthroplasty. General design criteria are described, as well as the design
of the SKI prosthesis.

Chapter 2 describes the aims of the study and the study population.
In two consecutive follow-up studies, the survival, clinical performance,
complications and radiographic long-term results of 341 cemented SKI-
type knee prostheses (255 patients) implanted at Groningen University
Hospital were analyzed.

The goal of the study in Chapter 3 was to describe the long-term
results of the SKI prosthesis by analyzing all revisions, reasons for
revision and complications. At final follow-up, 33 revisions (9.8%) had
been performed:
- 19 due to aseptic loosening
- 10 due to infection
- one due to (valgus) instability after a trauma
- one due to an irreducable dislocation of the prosthesis
- one due to wear in a well-fixed prosthesis
- and in one case the reason for revision was unknown

An exchange of the PE insert had been performed in 27 cases
(7.9%). One of these prostheses had radiographic signs of loosening and
was considered as an aseptic loosening of the prosthesis in further
analysis.

The cumulative survival rate of the SKI prosthesis is 86.6% ± 3.2 at
19 years, with removal of the prosthesis due to mechanical problems or
aseptic loosening as an endpoint. If removal of the prosthesis due to



215

infection was included as an endpoint the cumulative survival rate was
83.4% ± 3.5. No aseptic loosening was seen subsequent to a PE exchange
after a mean follow-up of 2.6 years ± 1.6.

Delayed wound healing was seen in 12 knees (0.5%). No factor could
be identified that increased the risk of delayed wound healing or
superficial infection. Deep infection was seen in 12 knees (3.5%). In case
of previous ulceration of the leg or in case of delayed wound healing,
patients had a significantly higher risk of developing a deep infection.
Manipulation of the knee was performed in 32 knees (9.4%). Patients
with flexion contractures preopertively and patients with degenerative
arthritis needed a manipulation more often. Patellofemoral complications
requiring surgery were seen in 15 knees (4.4%):
- four patellar fractures
- three ruptures of the extensor mechanism
- eight knees had an exploration because of patellar pain.

Screw loosening was seen in 38 knees (11.1% of all SKI prostheses
implanted and 17.8% of the knees that were available for follow-up or
revised). Patients with a higher activity level had significantly more
screw loosening. Significantly more wear was seen in younger patients,
patients who were more active and knees with screw loosening.
Significantly more aseptic loosening was seen in patients with a higher
activity level and in knees with wear. Aseptic loosening was seen in
95% of the knees with damage of the metal parts of the prosthesis. Metal-
on-metal contact may contribute to aseptic loosening of the prosthesis.

The clinical outcome after knee replacement with the SKI prosthesis
and after a PE exchange is described in Chapter 4. To evaluate the clinical
outcome, the Knee Society Clinical Dual Rating System (American Knee
Society Score) was used, in which knee and patient function are
described separately. To evaluate pain a Visual Analogue Score was used
additionally and the presence of anterior knee pain was recorded. Total
knee replacement with the SKI prosthesis provides a significant decrease
in pain and a significant improvement in range of motion, stability,
alignment and patient function in patients with both primary and
secondary knee arthritis. The improvement in clinical performance is
durable, except for a slight decrease in patient function in time.

The clinical performance after total knee replacement is influenced
by many different factors. Some factors may be interconnected and may
influence the clinical performance in different ways. To select the factors
that are really important, analyses of long-term outcome should evaluate
all factors that might influence it together. Evaluation of the long-term
clinical outcome at different moments by different observers may also
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affect the outcome because of interobserver variability and patient
selection. In this study, the outcome of knee replacement with the SKI
prosthesis in patients with rheumatoid arthritis and patients with
degenerative arthritis is comparable, but patients with rheumatoid
arthritis benefit more from total knee replacement because they have
worse preoperative scores. Younger patients had a significantly worse
clinical performance after total knee replacement with the SKI prosthesis.
Besides, they were more active and had more wear. Younger patients
are therefore at a higher risk of aseptic loosening. Sex, previous surgery
(high tibial osteotomy, synovectomy or arthrotomy), body weight and
PE exchange had no significant influence on the clinical outcome.
Anterior knee pain was seen more frequently in patients with
rheumatoid arthritis and other diagnoses and in patients who had had
a PE exchange. Patellar instability was not a clinical problem. No
deterioration of the clinical performance in time was seen after exchange
of the PE insert.

Most studies on polyethylene wear are retrieval analyses. To evaluate
the process of wear and the factors that might have influence on it, wear
should be analyzed in vivo. In Chapter 5 the methods to quantify wear
of the SKI prosthesis in vivo are described. Because the SKI prosthesis
has a raised metal border on the tibial tray, it can be fluoroscopically
centralized, with the X-ray beam perfectly parallel to the tibial tray. To
determine the reliability of measuring the amount of wear
radiographically, we calculated the intraclass correlation coefficient bet-
ween measurements on a radiograph and with a Vernier calliper of dif-
ferent unused tibial inserts. The PE thickness of the SKI prosthesis could
be determined radiographically with accuracy (intraclass correlation
coefficient 0.999).

To determine the alignment of the leg, we first compared
measurements of the femoro-tibial angle (FTA) on short and full-length
leg radiographs. In this study the FTA could not be measured on a short
radiograph. Furthermore, a significant difference, with a mean of 1.8° ±
2.0, was found between measurements of the FTA through the real
anatomical axes of the femur and tibia and the axis determined with an
intramedullary guidance instrument. With accurate measurements of
the PE thickness in vivo, factors that may influence the wear and wear
rate – including alignment of the prosthesis in the bone and alignment
of the leg – could be studied. In the selected group of patients available
for radiographic follow-up, significantly more wear and a significantly
higher wear rate were seen in knees with screw loosening. Knees with
screw loosening had a wear rate that was more than four times higher
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compared to knees without screw loosening. No significant change in
wear rate was seen after a PE exchange.

After a mean follow-up of 14.0 years, 20.4% of the knees had
malalignment of the femoral component in the AP view and 55.6% in
the lateral view. In 27.7% of the knees, malalignment of the tibial com-
ponent was seen in the AP view and in 16.7% in the lateral view. On
full-length leg radiographs, 74.1% had malalignment of the leg. Although
the position of the prosthesis or the alignment of the leg may have been
changed in time, the prosthesis was probably placed with an inaccurate
external guidance instrument. Knees with the femoral component placed
in flexion and especially placed in extension, and knees with increased
backslope or an upslope seemed to have a higher wear rate, but the
relation was not significant. Knees with a valgus and especially a varus
alignment seemed to have a higher wear rate, but the relation was not
significant either. The course of the wear rate and the influence of the
initial alignment of the leg on the wear rate could not be studied in this
retrospective analysis.

In Chapter 6 the radiographic long-term results of the SKI prosthesis
were studied by analyzing the presence, changes and patterns of
radiolucency around all three components on two consecutive,
fluoroscopically centralized, comparable radiographs. At final follow-
up radiolucency was seen in 78.6% of the knees. More radiolucency
was seen in patients with degenerative arthritis and in heavier patients,
and in knees with wear and screw loosening, but none of these factors
had a significant influence on the amount of radiolucency. In knees with
no clinical signs of loosening, most radiolucency was seen at the edges
of the prosthesis. In 42.9% of the knees without clinical signs of loosening,
an increase in radiolucency was seen around all components. The
increase was seen on the anterior side around the femoral component,
around the stem of the tibial component on the AP view, in all zones
around the tibial component in the lateral view, and around the patellar
component. None of the knees without clinical signs of loosening had a
decrease in radiolucency. Screw loosening was the only factor contributing
significantly to the increase in radiolucency.

In knees with clinical signs of loosening, only a slight amount of
radiolucency was seen around the femoral component, with minor
progression. Most changes were seen around the tibial component. A
significant increase in radiolucency was seen around one prosthesis.

Around the other knee a decrease was seen due to a change in
position and tilting.
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No relation was found between anterior knee pain and radiolucency
or osteophytes at the patellar component.

The wear characteristics of retrieved implants were studied in
Chapter 7. Most damage was seen on the posteromedial and to a lesser
extent on the posterolateral side. Heavier patients had a higher wear
rate, knees with screw loosening had a higher wear rate compared to
knees without screw loosening, and patients with degenerative arthritis
had a higher wear rate compared to patients with rheumatoid arthritis.

Only in knees with screw loosening was a rotational pattern of wear
seen at the backside of the insert and at the metal tibial baseplate. In
case of screw loosening, the polyethylene insert probably rotates in the
metal tibial tray, causing more articular wear due to abnormal loading,
and more backside wear. The backside wear, which could not be
quantified in this study, may cause wear debris with smaller particles;
this may explain the significant increase in radiolucency seen in knees
with screw loosening.

In Chapter 8 a general overview of the results is given with the
answers to the questions as described in section 2.1. Although the
thickness of the polyethylene of the SKI prosthesis was far below the
recommended eight to ten millimeters, the locking mechanism of the
tibial insert with a screw had a poor design and the alignment of the
prosthesis with the external guidance instruments was far from optimal,
the cumulative survival rate of this prosthesis is high and it provides a
durable decrease in pain as well as a significant improvement in range
of motion, stability, alignment and patient function. Had the fixation
mechanism of the PE insert been better, the survival rate might have
been even higher.

Modularity of a prosthesis may offer the advantage of a quick and
relatively simple revision procedure in case of wear. In this study no
aseptic loosening or deterioration of clinical outcome was seen after an
isolated insert exchange. However, because of the high amount of
progressive radiolucency, which is not seen in prostheses with a fixed
bearing 237;238, the use of modular prostheses should be reconsidered.
Because a significant increase in radiolucency was seen in knees with
screw loosening, (micro)motion between the polyethylene and the metal
tibial baseplate probably plays a role in the development of these
radiolucent lines.

To evaluate the clinical performance after total knee replacement,
all factors that may affect the outcome should be analyzed together.
Evaluating the long-term clinical outcome at one single moment may
affect the outcome due to patient selection. The most important factor
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determining the outcome of the SKI prosthesis was age at the time of
surgery. Younger patients have a significantly worse clinical
performance, they are more active and they have more wear, and are
therefore at a higher risk of aseptic loosening.  Patients with rheumatoid
arthritis benefit more from total knee replacement with the SKI prosthesis
compared to patients with degenerative arthritis, but the final outcome
is comparable.

Because of the raised border on the metal tibial plateau of the SKI
prosthesis, accurate measurement of the amount of wear in vivo was
possible. Adding a marker to the polyethylene in new designs will allow
future studies of factors that may affect wear and wear rate in vivo.

Regular radiographic follow-up, preferably with fluoroscopically
centralized radiographs of modular prostheses, may recognize full
thickness wear of the polyethylene at an early stage and prevent damage
due to metal-on-metal contact, which may cause loosening of the
prosthesis. However, with the greater numbers of prosthetic joint
replacements, surveillance of these patients will become more time-
consuming.
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Sinds de jaren zeventig heeft het ontwerp van de totale knieprothese
zich verder ontwikkeld dankzij de incorporatie van het “low-friction”
concept en de materialen die gebruikt werden bij de ontwikkeling van
totale heupprothesen in de jaren zestig. Sindsdien zijn vele nieuwe
prothesen ontwikkeld, alle in laboratoria. De enige manier om het func-
tioneren van een ontwerp te evalueren is analyse van de lange-termijn
resultaten van een prothese.  Deze studie beschrijft de lange-termijn
resultaten van de SKI knieprothese; dit is een prothese van het condylaire
type, met een verwisselbaar polyethyleen (PE) plateau. Het condylaire
type knieprothese is tegenwoordig het meest gebruikte type. Het
polyethyleen plateau van de SKI prothese wordt met een schroef
gefixeerd. Eén van de belangrijkste redenen om de deze follow-up
studie te starten was het loslaten van deze schroef bij verschillende
patiënten. Destijds bestonden er drie verschillende typen van de SKI
prothese. Het type met een stabiliserend “Totalplateau” werd oorspron-
kelijk ontworpen voor knieën met een voorste- en achterste kruisband-
insufficiëntie (zie Figuur 1.1c). Dit type prothese werd in alle gevallen
als standaardprothese gebruikt in het Academisch Ziekenhuis Groningen
in de periode van Januari 1982 tot Juli 1991, met alleen een resectie van
de voorste kruisband.

Hoofdstuk 1 bevat een kort overzicht van de ontwikkeling van totale
knieprothesen. Algemene criteria voor het ontwerp van een knie-
prothese, en het ontwerp van de SKI prothese in het bijzonder, worden
beschreven.

In Hoofdstuk 2 worden de doelstellingen van de studie beschreven,
evenals de patiëntenpopulatie. In twee opeenvolgende follow-up
studies zullen de survival, het klinische resultaat, de complicaties en de
röntgenologische lange-termijn resultaten van 341 gecementeerde SKI
knieprothesen (255 patiënten), geïmplanteerd in het Academisch
Ziekenhuis te Groningen, worden beschreven.

Het doel van de studie in Hoofdstuk 3 was de lange-termijn resultaten
van de SKI protheses te beschrijven, door alle revisies, redenen voor
revisie en complicaties te analyseren. Bij de laatste follow-up studie
waren 33 revisies (9.8%) verricht:
- 19 vanwege aseptische loslating
- 10 vanwege infectie
- één vanwege (valgus) instabiliteit na een trauma
- één vanwege een niet te reduceren dislocatie van de prothese
- één vanwege wear bij een goed gefixeerde prothese
- en in één geval was de reden voor revisie niet bekend.

Een wisseling van het PE plateau was verricht in 27 knieën (7.9%).
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Eén van deze prothesen had röntgenologische tekenen van loslating en
werd beschouwd als een aseptische loslating bij de verdere analyse.

De cumulatieve survival van de SKI prothese is 86.6% ± 3.2 na 19
jaar met verwijdering of indicatie voor revisie van de prothese door
mechanische problemen of aseptische loslating als eindpunt. Wanneer
verwijdering van de prothese door infectie werd geïncludeerd als eind-
punt bedroeg de cumulatieve survival 83.4% ± 3.5. Na een wisseling
van het polyethyleen werd geen aseptische loslating van de prothese
gezien na een gemiddelde follow-up van 2.6 jaar ± 1.6.

Wondgenezingsstoornissen werden gezien in 12 knieën (0.5%). Er
kon geen factor worden aangetoond die de kans op een vertraagde
wondgenezing of een oppervlakkige wondinfectie vergrootte.  Een diepe
infectie werd gezien in 12 knieën (3.5%). Patiënten met ulceraties van
het been in de voorgeschiedenis en patiënten met een vertraagde wond-
genezing hadden een significant hogere kans op een diepe infectie. Het
doorbewegen van de knie werd verricht bij 32 knieën (9.4%). Patiënten
met een preoperatieve flexiecontractuur en patiënten met arthrose werden
vaker doorbewogen. Patellofemorale complicaties waarvoor chirurgische
interventie noodzakelijk was traden op bij 15 knieën (4.4%):
- vier patella fracturen
- drie rupturen van het extensor-apparaat
- acht knieën werden geëxploreerd vanwege patellofemorale pijn.

Schroefloslating werd gezien bij 38 knieën (11.1% van alle geïmplan-
teerde SKI prothesen en 17.8% van alle knieën die beschikbaar waren
voor follow-up of gereviseerd werden). Patiënten met een hoger
activiteitenniveau hadden significant vaker schroefloslating. Wear werd
significant vaker gezien bij jonge patiënten, actievere patiënten en bij
knieën met schroefloslating. Aseptische loslating werd significant vaker
gezien bij patiënten met een hoger activiteitenniveau en bij knieën met
wear. Wanneer sprake was van metaal-op-metaal contact vertoonde 95%
van de knieën aseptische loslating. Metaal-op-metaal contact draagt
waarschijnlijk bij aan het proces van aseptische loslating.

Het klinische resultaat na plaatsing van de SKI knieprothese en na
wisseling van het polyethyleen wordt beschreven in Hoofdstuk 4. Om
het klinische resultaat te analyseren werd gebruik gemaakt van de Knee
Society Clinical Dual Rating System (American Knee Society Score),
waarin de kniefunctie en het functioneren van de patiënt apart geëva-
lueerd worden. Voor evaluatie van de pijn werd aanvullend een VAS
score gebruikt en de aanwezigheid van patellofemorale pijn werd
geregistreerd. Vervanging van het kniegewricht met de SKI prothese
leidt tot een significante pijnreductie, een significante verbetering van



224

de beweeglijkheid, de stabiliteit en het alignement van de knie en een
significante verbetering van het functieniveau van de patiënt, zowel bij
primaire als bij secundaire arthrose. Deze verbetering is duurzaam,
behoudens een lichte verslechtering van het functieniveau van de
patiënt in de tijd.

Het klinische resultaat van een totale knieprothese wordt beïnvloed
door verschillende factoren. Om de factoren te beoordelen die het meest
belangrijk zijn, dienen alle factoren die van invloed zouden kunnen zijn
op het resultaat tezamen geanalyseerd te worden, omdat factoren een
onderlinge relatie kunnen hebben. Het analyseren van het klinische
resultaat op verschillende tijdstippen door verschillende onderzoekers
kan het uiteindelijke resultaat ook beïnvloeden door interobserver
variatie en patiënt selectie. In deze studie was het klinische resultaat
van de SKI prothese bij patiënten met rheumatoïde arthritis en arthrose
vergelijkbaar, maar patiënten met rheumatoïde arthritis behalen meer
winst omdat zij een slechtere uitgangssituatie hadden. Jongere patiënten
met een SKI knieprothese hebben een significant slechter klinisch
resultaat; zij zijn actiever en hebben meer wear. Jongere patiënten hebben
daarom een hoger risico op aseptische loslating. Geslacht, voorgaande
operaties (correctie-osteotomie, synovectomie of arthrotomie), lichaams-
gewicht en een PE wissel hadden geen significante invloed op het
klinische resultaat. Patellofemorale pijn werd vaker gezien bij patiënten
met rheumatoide arthritis en andere diagnosen en na een PE wissel.
Instabiliteit van de patella was in deze studie klinisch geen probleem.
Na een PE wissel werd geen verslechtering van het klinische resultaat
in de tijd gezien.

De meeste studies naar wear (slijtage) van polyethyleen zijn retrieval
analyses. Om het proces van wear te onderzoeken en de factoren die
invloed hebben op wear te bepalen, zou het proces van wear in vivo
bestudeerd moeten worden. In Hoofdstuk 5 worden de methoden
beschreven om wear van de SKI prothese in vivo te kwantificeren. Het
metalen tibiaplateau van de SKI prothese heeft een metalen rand,
waardoor deze onder röntgendoorlichting gecentreerd kan worden met
de röntgenstralen exact parallel aan het tibiaplateau. Om de betrouw-
baarheid van de röntgenologische metingen van de dikte van het PE te
bepalen werd een intraclass correlation coëfficiënt bepaald tussen
metingen van de dikte van ongebruikte PE plateau’s op een röntgen-
foto en met een nonius. De PE dikte van de SKI prothese bleek
röntgenologisch nauwkeurig bepaald te kunnen worden (intraclass
correlation coëfficiënt 0.999).
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Om het alignement van het been te kunnen bepalen werden eerst de
metingen van de femoro-tibiale hoek (FTA) op korte- en lange-been foto’s
vergeleken. In deze studie konden de korte-been foto’s niet gebruikt
worden voor de bepaling van de FTA. Verder werd bij meting van de
FTA door de werkelijke anatomische assen van het femur en de tibia en
de anatomische assen die bepaald wordt door intramedullair richt-
instrumentarium een significant verschil gevonden, met een gemiddelde
van 1.8° ± 2.0.

Met de betrouwbare metingen van de PE dikte in vivo, konden de
factoren die invloed kunnen hebben op wear en de snelheid van wear –
inclusief het alignement van de prothese in het bot en het alignement
van het been – bestudeerd worden. In de selecte groep patiënten die
beschikbaar was voor de röntgenologische follow-up werd significant
meer wear gevonden bij loslating van de schroef. Knieën met schroef-
loslating hadden een meer dan vier keer hogere wear snelheid dan
knieën zonder schroefloslating. Na een PE wissel werd geen signifi-
cante verandering van wear snelheid gezien.

Na een gemiddelde follow-up van 14.0 jaar had 20.4% van de knieën
een malalignement van de femoral component op de AP opname en
55.6% op de laterale opname. Malalignement van de tibiale component
op de AP opname werd gezien bij 27.7% van de knieën en op de laterale
opname bij 16.7% van de knieën. Op de lange-been opname werd in
74.1% van de knieën een malalignement van het been gezien. Hoewel
de positie van de prothese of het alignement van het been veranderd
zouden kunnen zijn in de loop der jaren, was het plaatsen van de
prothese met het extramedullaire richtapparaat waarschijnlijk onnauw-
keurig. Knieën met een femurcomponent geplaatst in meer flexie en
vooral in meer extensie en plaatsing van de tibiacomponent met een
grotere backslope of een upslope leken een hogere snelheid van wear te
hebben, maar de relatie was niet significant. Knieën met een valgus- en
vooral een varusalignement leken een hogere snelheid van wear te
hebben, maar ook hierbij werd geen significante relatie gevonden. Het
verloop van de wear snelheid in de tijd en de invloed van het initiële
alignement van het been op de wear snelheid konden in deze retrospec-
tieve studie niet bepaald worden.

In Hoofdstuk 6 worden de röntgenologische lange-termijn resultaten
van de SKI prothese besproken met de analyse van de aanwezigheid,
de veranderingen en de patronen van radiolucentie rond de drie
componenten van de prothese op twee opeenvolgende, onder röntgen-
doorlichting gecentreerde, vergelijkbare foto’s. Bij de laatste follow-up
studie werd radiolucentie gezien rond 78.6% van de knieprothesen. Bij
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patiënten met arthrose, zwaardere patiënten, knieën met wear en knieën
met schroefloslating werd meer radiolucentie rondom de prothese
gezien, maar geen van deze factoren had een significante invloed op de
hoeveelheid radiolucentie. Rondom knieën zonder klinische tekenen
van loslating werd de meeste radiolucentie gezien aan de randen van
de prothese. Bij 42.9% van de knieën zonder klinische tekenen van
loslating werd een toename van radiolucentie gezien rondom de
componenten. De toename van radiolucentie werd gezien achter de
anterieure zijde van de femorale component, rondom de steel van de
tibiacomponent op de AP opname, in alle zones rondom de tibiacompo-
nent op de laterale opname, en rond de patellacomponent. Rondom de
knieën zonder klinische tekenen van loslating werd geen afname van
radiolucentie gezien. De enige factor die een significante rol speelde bij
de toename van radiolucentie bleek schroefloslating te zijn.

Bij de knieën met klinische tekenen van loslating werd rondom de
femorale component slechts een geringe hoeveelheid radiolucentie
gezien, met weinig progressie. De meeste veranderingen werden
gezien rond de tibiacomponent. Rondom één prothese werd een signi-
ficante toename van radiolucentie gezien en rondom de andere
prothese een afname door een verandering van positie en kanteling van
de prothese.

Er werd geen relatie gevonden tussen patellofemorale pijn en
radiolucentie of osteofyten rondom de patella component.

De wear karakteristieken van de prothesen die gereviseerd werden
vanwege wear of loslating worden in Hoofdstuk 7 beschreven. De
meeste beschadiging van het polyethyleen werd gezien aan de postero-
mediale en in mindere mate aan de posterolaterale zijde. Zwaardere
patiënten, patiënten met arthrose en knieën met schroefloslating
hadden een significant hogere wearsnelheid dan lichtere patiënten,
patiënten met reumatoïde arthritis en knieën zonder schroefloslating.

Alleen bij knieën met schroefloslating werd een slijtagepatroon
passend bij roterende bewegingen gezien aan de achterzijde van het
polyethyleen of op de metalen tibiacomponent. Bij schroefloslating
roteert het polyethyleen plateau waarschijnlijk op de metalen tibiacom-
ponent, waardoor aan de articulerende zijde meer wear ontstaat door
een abnormale belasting van het polyethyleen, en aan de onderzijde
backside wear ontstaat. In deze studie kon de backside wear niet
gekwantificeerd worden. Backside wear zou wear debris met kleinere
partikels kunnen veroorzaken. Dit zou de toename van radiolucentie
bij loslating van de schroef zou kunnen verklaren.
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In Hoofdstuk 8 wordt een overzicht van de resultaten gegeven met
antwoorden op de vragen die gesteld zijn in paragraaf 2.1. Hoewel het
polyethyleen van de SKI prothese veel dunner was dan de aanbevolen
acht tot tien millimeter, de fixatie van het polyethyleen met een schroef
een slecht ontwerp was en het positioneren van de prothese met een
extramedullair richtapparaat verre van optimaal was, is de cumulatieve
survival van deze prothese hoog en levert plaatsing van deze prothese
een duurzame pijnreductie en een significante verbetering van de
beweeglijkheid, de stabiliteit en het alignement van de knie en een
verhoging van het functieniveau van de patiënt op. Als de fixatie van
het polyethyleen beter geweest zou zijn, dan zou de survival van deze
prothese waarschijnlijk nog hoger geweest zijn.

Modulaire prothesen hebben het voordeel dat een snelle en relatief
eenvoudige revisie mogelijk is bij slijtage van het polyethyleen. In deze
studie werd geen aseptische loslating of een verslechtering van het
klinische resultaat gezien na een PE wissel. Vanwege de grote hoeveel-
heid radiolucentie, die progressief blijkt te zijn en die niet gezien wordt
rondom prothesen met een vast PE plateau 237;238, moet het gebruik van
modulaire prothesen heroverwogen worden. Omdat een significante
toename van radiolucentie werd gezien bij knieën met schroefloslating,
spelen (micro)bewegingen tussen het polyethyleen en het metalen
tibiaplateau waarschijnlijk een rol bij het ontstaan van radiolucentie.

Om het klinische resultaat na gewrichtsvervanging te evalueren,
moeten alle factoren die het resultaat kunnen beïnvloeden tezamen ge-
analyseerd worden. Patiënten selectie kan het lange-termijn resultaat
vertekenen wanneer het resultaat op één enkel moment geëvalueerd
wordt. De belangrijkste factor die het resultaat van de SKI prothese
bepaalt is de leeftijd ten tijde van implantatie. Jongere patiënten hebben
een significant slechter klinisch resultaat, zij zijn actiever en hebben meer
wear. Jongere patiënten hebben daarom een groter risico op aseptische
loslating. Het klinische resultaat van patiënten met rheumatoïde arthritis
en arthrose is vergelijkbaar, maar patiënten met rheumatoïde arthritis
hebben meer winst bij het plaatsen van een totale knieprothese, omdat
zij een slechtere uitgangssituatie hadden.

Vanwege de opstaande metalen rand van het tibiaplateau van de
SKI prothese was nauwkeurige bepaling van de hoeveelheid wear
mogelijk. Wanneer een markering in het polyethyleen aangebracht wordt
bij toekomstige ontwerpen van knieprothesen kunnen de factoren die
leiden tot wear en de snelheid van wear beter bestudeerd worden in
vivo.
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Regelmatige röntgenologische follow-up van modulaire prothesen,
bij voorkeur onder röntgendoorlichting gecentreerd, kan volledige wear
van het polyethyleen in een vroeg stadium aantonen en schade door
metaal-op-metaal contact, dat kan leiden tot loslating van de prothese,
voorkomen. Met de toename van het aantal geplaatste prothesen wor-
den deze controles echter ook steeds tijdrovender.
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Appendix 3. American Knee Society Score

Patient category

A. Unilateral or bilateral (opposite knee successfully replaced)
B. Unilateral, other knee symptomatic
C. Multiple arthritis or medical infirmity

Knee Score Function Score

Pain: Points Function Points
None 50
Mild or occasional 45 Walking:

Stairs only 40 Unlimited 50
Walking & stairs 30 >10 blocks 40

Moderate 5-10 blocks 30
Occasional 20 < 5 blocks 20
Continual 10 Housebound 10

Severe 0 Unable 0

Range of motion Stairs:
(5° = 1 point) 25 Normal up & down 50

Normal up; down with rail 40
Stability (maximum movement in any position) Up & down with rail 30

Up with rail; unable down 15
Anteroposterior Unable 0

< 5 mm 10
5-10 mm 5
> 10 mm 0

Mediolateral Subtotal: (max. 100 points)
< 5° 15
6°-9° 10
10°-14° 5 Deductions (minus)
15° 0

Cane 5
Subtotal: (max. 100 points) Two canes 10

Crutches or walker 20
Deductions (minus)

Total Function Score: (max. 100 points)
Flexion contracture

5°-10° 2
10°-15° 5
16°-20° 10
>20° 15

Extension lag
<10° 5
10°-20° 10
>20° 15

Alignment
5°-10° 0
0°- 4° 3 points each degree
11°-15° 3 points each degree
Other 20

Total Knee Score: (max. 100 points)
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Appendix 4

Table A4.1. Multilevel logistic regression analysis. Logistic Regression Coefficient (B) and standard
error (se) of the relation between delayed wound healing, deep infection, manipulation of the knee, screw
loosening, wear and aseptic loosening of the prosthesis and the factors that may increase the risk of
delayed wound healing. deep infection. manipulation, screw loosening, wear and aseptic loosening (Chapter
3).

Delayed wound healing Deep infection Manipulation
B se B se B se

Patient factors
Diagnosis

Degenerative arthritis
Rheumatoid arthritis 0.379 0.877 1.838 0.996 -1.820 0.576*
Other 1.045 1.109 0.333 0.645

Gender 0.199 0.724 1.237 1.062 1.015 0.627
Diabetes Mellitus 0.338 1.105 -1.176 1.509
Obesity (BMI > 30) -0.423 1.115 0.562 1.057
Use of steroids 1.245 1.109
Ulcerations in history 2.865 1.127*
Other risk factors 1.179 1.186 1.385 1.874
Delayed wound healing 3.848 1.057*
Body-weight -0.005 0.018

Knee factors
Age at time of surgery -0.027 0.022 0.023 0.028 -0.027 0.017
Previous surgery -0.304 0.850 1.561 0.881 -0.172 0.571
Flexion preoperatively 0.008 0.011
Extension preoperatively -0.060 0.019*

Screw loosening Wear Aseptic loosening
B se B se B se

Patient factors
Diagnosis

Degenerative arthritis
Rheumatoid arthritis -0.054 0.638 -0.853 0.710 0.264 1.230
Other 0.041 0.707 -0.226 0.752 1.135 1.051

Gender 0.155 0.617 0.256 0.658 0.086 1.057
Body-weight 0.039 0.021 0.040 0.023 0.027 0.044
Function Score 0.023 0.009* 0.027 0.009* 0.033 0.017*

Knee factors
Age at time of surgery -0.009 0.020 -0.05 0.021* -0.01 0.033
Previous surgery 0.238 0.499 0.304 0.525 -0.145 0.809
Flexion preoperatively
Extension preoperatively
PE thickness 0.151 0.140 0.141 0.157 -0.226 0.229
Screw loosening 2.394 0.582* 1.375 0.805
Wear 2.898 1.196*
Time of follow-up 0.061 0.077 0.021 0.079

* p<0.05
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Appendix 5

In the analysis of the alignment of the leg and the prosthesis and the wear rate we assumed finding a low
wear rate at an optimal alignment of the leg or the prosthesis and an increase in wear rate in a more valgus
or varus position, or if the prosthesis was placed in more flexion or extension. This relation can be described
in the formula:

Wear rate = C + B1 x (Measured Angle*) + B2 x (Measured Angle*)²

C = Constant
B1 = Unstandardized Coefficient Measured Angle
B2 = Unstandardized Coefficient Measured Angle

*Measured Angle = FTA, WBR, angle α, β, γ or σ

The values of B1, B2 and the p-values of the non-linear regression analysis to study the influence of the
FTA, WBR and angle α, β, γ and σ on the wear rate are listed in Table A 5.1.

Table A5.1. Values of C, B1, B2 and p-values of the non-linear regression analysis to study the influence
of the alignment of the limb and the alignment of the prosthesis on the wear rate.

C B1 p-value B2 p-value

Angle α -29,203 0,596 0,560 -0,003 0,563
Angle β -41,333 1,015 0,304 -0,006 0,305
Angle γ 0,129 0,007 0,521 0,002 0,092
Angle σ 32,308 -0,731 0,105 0,004 0,113
FTA 17,685 -0,210 0,659 0,001 0,648
WBR 0,309 -0,240 0,753 0,133 0,841
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Het schrijven van een proefschrift is vooral een kwestie van doorzetten,
veel geduld en het aanhoren van dooddoeners in tijden van diepe da-
len zoals “dat hoort erbij…” en “daar moet je even doorheen…”. Echter,
zonder de steun van vele mensen om mij heen was het zeker niet ge-
lukt. De volgende mensen wil ik speciaal bedanken:

Prof. Dr. J.R. van Horn, promotor. Beste Jim, onze eerste kennismaking
was per telefoon tijdens de WK-voetbal wedstrijd Nederland-Brazilie.
Dat je juist op dit moment belde, begreep ik pas later met je vaak ge-
bruikte uitspraak “Ik haat sport” (en toch had je één van de meest spor-
tieve assistentenploegen van Nederland bij elkaar…). Na mijn eerste
mislukte poging om een promotieonderzoek op te starten naar Pelvic
Obliquity bij patienten met Spina Bifida en twee jaar onderzoek zonder
enig zichtbaar resultaat, leek een promotie mij verder weg dan ooit.
Gelukkig bleef jij er in geloven en is het proefschrift er toch gekomen. Ik
wil je bedanken voor het bewaken van de grote lijnen, maar vooral voor
de rol die jij gespeeld hebt bij mijn ontwikkeling tot orthopaedisch chi-
rurg.

Prof. Dr. R.L. Diercks, promotor. Beste Ron, tijdens mijn drie maanden
durende exercitie om dit proefschrift tot een goed einde te brengen,
kwam ik je regelmatig tegen in de gang. Jouw aanbod om mij hierbij te
helpen heb ik met beide handen aangegrepen. Je eerste commentaar om
maar helemaal opnieuw te beginnen viel wat rauw op mijn dak, maar
heeft uiteindelijk na vele eindeloze analyses wel een uitstekend inzicht
gegeven in de brij van gegevens. Vooral de toevoeging van de “tijd-
balk” was een gouden greep. Ook jij hebt mij het vak geleerd. Ik hoop
dat wij ook in de toekomst onze goede samenwerking kunnen voortzet-
ten.

Dr. N.J.A. Tulp, co-promotor. Beste Niek, jouw proefschrift heeft veel
raakvlakken met dit proefschrift. Ik wil je dan ook hartelijk bedanken
voor het nuttige commentaar en de uiterst zinvolle opmerkingen die je
had over het manuscript. Ik ga ervan uit dat we in de toekomst met het
bundelen van kennis het proces van wear en het faalmechanisme van
knieprothesen nog beter kunnen begrijpen.

Prof. Dr. H.J. Grootenboer, Prof. Dr. J.W. Groothoff en Prof. Dr. M.H.
van Rijswijk wil ik zeer hartelijk bedanken voor het plaatsnemen in de
beoordelingscommissie en de opbouwende kritiek op het manuscript.
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Drs. R.G. Stewart. Beste Roy, op het moment dat ik bij het analyseren
van de gegevens door de bomen het bos niet meer zag, kwam jij op mijn
pad. Hoewel je soms misschien het gevoel had dat er een wervelwind
door je kamer geraasd had als ik langs geweest was, en ik altijd maar
weer een stap verder wilde, heb jij mij met je eindeloze engelengeduld
toch uiteindelijk inzicht gegeven in de betekenis van alle gegevens. Ik
begrijp in ieder geval iets meer van de complexe materie van de statis-
tiek en ik hoop dat jij iets meer begrijpt van het werk van een
orthopaedisch chirurg en knieprothesen in het bijzonder. Succes met
jouw eigen promotie. Ik kom graag nog eens langs voor een kopje thee
met een schijfje limoen.

Drs. W.L. Idema. Beste Pim, jij hebt uiteindelijk de basis gelegd voor dit
proefschrift. Ik wil je hartelijk bedanken voor de zeer secure wijze waarop
jij het onderzoek gestart bent. Dat de lange-termijn resultaten van de
SKI prothese uiteindelijk meer bekendheid zullen krijgen is zeker ook
jouw verdienste.

Drs. J.D.H. Bolscher, Drs. R.W. Brouwer, Dr. R.G. Deutman, Dr.
J.J.A.M. van Raay, Drs. M.S. Sietsma en Dr. M.R. Veen, maten en
ex-maat. Beste Jan, Reinoud, Robbie, Jos, Maurits en Remmelt, bij mijn
toetreding tot de maatschap orthopaedie van het Martini Ziekenhuis
had ik beloofd dat ik zou gaan promoveren. Met twee jonge kinderen
en het starten van een praktijk is dat niet altijd eenvoudig geweest. Mijn
dank is groot voor het feit dat jullie mij alle medewerking en steun
hebben gegeven om het uiteindelijk af te maken. Als maatschap zijn we
een hecht team en ik hoop dat we onze goede samenwerking met alle
goede ideeën die op de woensdagmiddag geboren worden nog heel lang
kunnen voortzetten. Nu jij nog Reinoud. Ik weet zeker dat het je zal
lukken.

Dr. D. Eygendaal, paranimf. Beste Denise, ik heb je leren kennen in het
VOCA-bestuur. Jouw voortvarende optreden en goede ideeën hebben
mij altijd zeer geïnspireerd. Ik ben daarom ook blij dat je mij terzijde
wilt staan als paranimf. Nu er weer meer tijd is komen wij graag nog
eens bij je varen.

Dr. H. van de Belt, paranimf. Beste Hilbrand, waar ik ook kwam tijdens
mijn opleiding, jij was er, of jij was er net geweest. Via jou leerde ik snel
alle trucjes om de opleiding zo aangenaam mogelijk te maken. Ik was
jouw paranimf, nu ben jij de mijne. Ook bij jou komen we graag nog
eens aanwaaien.
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Pieter Lammers, hartelijk dank voor je hulp bij het beoordelen van de
röntgenfoto’s.

Bertram The. Bedankt voor al je hand- en spandiensten. Het “discussie-
groepje” is nooit van de grond gekomen, maar de deur staat altijd voor
je open. Succes met jouw eigen promotie.

Jan Reyer van de Griendt, jij was mijn rots in de branding op de
momenten dat mijn computer het weer eens liet afweten, al was het
midden in de nacht. Ook wil ik je bedanken voor het maken van de
omslag van het boekje. Je vriendschap en gezelligheid stellen Marco en
ik altijd zeer op prijs. Ik hoop dat je ook langs blijft komen nu ik wat
minder afhankelijk ben van de computer.

Ruth Rose. Heel hartelijk bedankt voor alle vertalingen die je voor mij
gedaan hebt. Je snelheid van terugsturen verbaasde mij keer op keer.
Ook toen mijn computer helemaal vastliep op de door jou terug-
gestuurde documenten wist je uiteindelijk nog wel een oplossing. Je
referenties waren bijzonder goed en je hebt mij zeker niet teleurgesteld.

Sigrid van Dijk. Hartelijk dank voor de opmaak van het boekje. Ook
jouw snelheid van werken heeft mij blij verrast. Je rotsvaste vertrouwen
dat het allemaal goed zou komen heeft mij zeer geholpen bij de laatste
loodjes.

Alle patiënten met een SKI knieprothese wil ik bedanken voor de be-
reidheid mee te werken aan deze studies.

Alle secretaresses van het AZG en het Martini Ziekenhuis wil ik
bedanken voor het verzamelen van alle patientendossiers en röntgen-
mappen en de medewerkers van de röntgenafdeling van het AZG wil
ik bedanken voor de hulp bij het maken van de onder BV gecentreerde
röntgenfoto’s.

Babs van Leeuwen. Bedankt voor de gastvrijheid in jouw laboratorium
voor het beoordelen van de retrievals.

Pappa en mamma, jullie hebben mij altijd mijn eigen weg laten gaan.
Alhoewel jullie misschien niet altijd wisten waar ik mee bezig was, kun
je nu eindelijk lezen waar ik al die jaren mee bezig geweest ben. Pappa
wil ik bedanken voor alle steun en aanmoediging om te gaan studeren.
Ik hoop dat dit proefschrift voor jou ook een beetje het proefschrift is
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dat je zelf altijd wilde schrijven. Mamma, jou wil ik vooral bedanken
voor het feit dat je er altijd was en nog steeds voor ons bent. Als
werkende moeder hoop ik mijn kinderen ook net zoveel liefde te
kunnen geven als jij ons altijd gegeven hebt.

Mijn schoonouders wil ik bedanken voor alle steun die ze ons gegeven
hebben. Helaas kan mijn schoonvader dit alles niet meer meemaken.
Inemie, ik hoop dat ik nu weer wat vaker met Marco mee kan komen op
bezoek, ik hoef in ieder geval niet meer aan het proefschrift te werken.

Lieve Marco, in de drukste fase van ons leven, met twee jonge kinderen,
het opzetten van jouw bedrijf M2Consult en het opstarten van mijn
praktijk moest ik ook nog eens zonodig dit proefschrift afmaken. Het is
niet altijd gemakkelijk geweest, maar uiteindelijk hebben we ons er toch
doorheen geslagen. Ik wil je bedanken voor al je steun om mijn opleiding
af te maken en een werkende moeder te kunnen zijn. Jij als keepers-
trainer hebt niet alleen een grote rol gespeeld bij mijn sportcarrière, maar
bovenal ben ik er trots op je vrouw en moeder van je kinderen te mogen
zijn. Ik hoop dat we nog heel lang van elkaar en de kinderen zullen
genieten. Ik kom ’s avonds graag nog eens een glaasje wijn bij de open
haard in het kantoor drinken.

Lieve Floor en Nynke, jullie zijn (naast pappa) het allerliefste in mijn
leven. Toen jullie nog baby’s waren kon ik altijd schrijven terwijl jullie
naast mij lagen te slapen in de maxi-cosi. Later moest het schrijfwerk
vooral in de avonduren gebeuren, maar jullie zijn net zulke avond-
mensen als je moeder, dus de tijd om te schrijven werd steeds korter.
Het laatste jaar moesten jullie vaak met pappa alleen boodschappen gaan
doen, zodat ik nog even een hoofdstukje af kon schrijven. Ik ga nu graag
weer met jullie mee.
Floor, het proefschrift
is af; we gaan nu lek-
ker samen heel veel
grote taarten bakken.
Nynke, ik hoop dat je
nu voortaan minder
vaak “mamma wer-
ken?” zal zeggen.



264



265

Curriculum Vitae



266

Carina Gerritsma-Bleeker werd op 22 september 1968 geboren in het
“oude RKZ” (thans Martini Ziekenhuis) te Groningen. Na het behalen
van het diploma Gymnasium-β aan het Praedinius Gymnasium te
Groningen startte zij in 1986 met de studie Geneeskunde aan de Rijks-
universiteit Groningen. Het co-assistentschap chirurgie werd met een
Erasmusbeurs gevolgd in het Universitair Ziekenhuis Antwerpen. Met
een keuze-coschap “Intertrochantere variserende osteotomie bij de ziekte
van Perthes” in het Academisch Ziekenhuis Groningen onder supervisie
van Dr. J.D.Visser werd de interesse voor het vak gewekt. Het artsexamen
werd in 1994 behaald. Daarna werkte zij als AGNIO op de afdeling
Orthopaedie van het Academisch Ziekenhuis Groningen. Van 1995 tot
1997 werd de vooropleiding Heelkunde gevolgd in het Medisch Spec-
trum Twente (opleider: Prof. Dr. P.A.M. Vierhout). De opleiding
Orthopaedie werd gevolgd in de periode van 1997 tot 2001 in het
Academisch Ziekenhuis Groningen (opleider: Prof. Dr. J.R. van Horn)
met een perifere stage in het Martini Ziekenhuis te Groningen (opleider:
Dr. R. Deutman). Tijdens de opleiding werd o.a. wetenschappelijk
onderzoek verricht naar de KUDO-elleboogprothese en de lange-termijn-
resultaten van de Stanmore totale heupprothese. Vanaf 1999 werkte zij
aan het onderzoek naar de SKI knieprothese.

Vanaf 1 juli 2001 is zij geassocieerd met Drs. J.D.H. Bolscher, Drs.
R.W. Brouwer, Dr. J.J.A.M. van Raay, Drs. M.S. Sietsma en Dr. M.R. Veen
in het Martini Ziekenhuis te Groningen.

Naast de studie Geneeskunde speelde zij van 1989 tot 1993 27
interlands als keepster in het Nederlands Dameshockeyelftal, met als
hoogtepunten het behalen van het Wereldkampioenschap te Sydney in
1990 en deelname aan de Olympische Spelen te Barcelona in 1992.

Zij is getrouwd met Marco Gerritsma en samen hebben zij twee
dochters, Floor en Nynke.
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