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INTRODUCTION

About 20% of all visits to the surgical emergency department are due to hand and wrist injuries 

[1]. Distal radius fractures (DRFs) are a major portion of these injuries, with annual incidences 

reported of 9/10,000 men and 37/10,000 women in patients aged 35 years and older [2,3]. 

DRFs have a bimodal division in incidence, with peak incidences in young (predominantly 

male) and older (predominantly female) patients [4,5]. Carpal injuries are less common and 

perilunate (fracture) dislocations (PLD/PLFDs) comprise of only 7% of all carpal injuries [6-10]. 

Both injuries are mainly the result of high-energy trauma in the younger population [5,11,12]. 

Following a (high energy) fall on the outstretched hand (FOOSH) in hyperextension- or flexion 

a DRF can occur with respectively dorsal or volar dislocation with or without intraarticular 

involvement and possible concomitant ligamentous injury (Figure 1) [13-17]. With the same 

trauma mechanism as FOOSH a cascade of ligamentous and osseous injuries can occur in the 

carpals as described by Mayfield et al. [18,19]. The first stage comprises of a dorsal subluxation 

of the scaphoid resulting in dorsal scapholunate (SL) ligamentous injury (or scaphoid fracture), 

which is the strongest part of the SL ligament. In the second stage, a PLD/PLFD occurs when 

the capitate luxates most often dorsally in respect to the lunate (Figure 2) [18,19].

Outcomes following hand and wrist injuries can be depicted using three different modalities; 

radiological outcomes such as presence of posttraumatic arthritis or restoration of articular 

congruency and alignment of the wrist, clinician reported outcomes (CROs) measuring range 

of motion and grip strength, and finally patient reported outcomes (PROs) using questionnaires 

to capture subjective outcome as perceived by patients. Most literature on outcomes following 

DRFs is dedicated to the elderly, since DRF incidence figures are higher in the older population 

[1,2,5]. However, the relevance of reporting on outcomes in younger patients sustaining hand or 

wrist injuries seems to be neglected. Evaluating outcomes in young non-osteoporotic patients 

is of importance since they have a long and active life ahead of them and consequently they 

might have higher demands of hand and wrist function. Better insight in these outcomes could 

guide future treatment and rehabilitation strategies for these young and active patients. This 

thesis contributes to filling the gap of knowledge on outcomes following hand and wrist injuries 

in non-osteoporotic patients.

Radiological outcome

Posttraumatic arthritis. The development of posttraumatic arthritis (PA) following DRFs is well 

known [15,21-24]. Knirk and Jupiter described a classification system for radiocarpal PA in 

1986, which is still widely used (Table 1) [24]. Prevalence of radiological PA is reported to be 

as high as 56-65% after 6-7 years of follow up for hand and wrist injuries like DRFs and PLD/

PLFDs in heterogenous patient cohorts [12,24].
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Figure 1. Distal radius fracture classification according to the AO foundation and Orthopaedic Trauma 

Association [20]

Table 1. Grading of posttraumatic arthritis according to Knirk & Jupiter [24]

Grade Radiological findings

0 None

I Slight joint-space narrowing

II Marked joint-space narrowing, osteophyte formation

III Bone-on-bone, osteophyte formation, cyst formation
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Figure 2. Stages of carpal instability according to Mayfield et al. [18,19]

Stage I: Scapholunate dissociation with subluxation of the scaphoid and scapholunate ligament injury. This 

can be recognized on radiographic imaging as a gap between the scaphoid and lunate (‘Terry Thomas sign’). 

Stage II: Perilunate luxation with or without scaphoid fracture (perilunate fracture dislocation), luxation 

of the capitate (mostly in dorsal direction). Stage III: Midcarpal dislocation with luxation of capitate and 

triquetrum (or with lunotriquetral ligamentous injury or triquetral fracture). This can be recognized on 

radiographic imaging as an avulsion fracture of the triquetrum. Stage IV: Luxation of the lunate (mostly to 

the volar side) with dorsal radiolunate ligament rupture. This can be recognized on radiographic imaging 

as the ‘spilled teacup sign’.

Since DRFs in young non-osteoporotic patients usually result from high energy trauma, 

these injuries often have intra-articular involvement [25]. This can result in residual articular 

incongruence, which is usually described in gaps and step-offs [15-17,26-28]. Many studies 

have shown that DRFs healed with articular incongruency > 2mm are associated with early PA 

[15,21-23]. On the basis of the type of tissue damage, articular surface injuries can be classified 

into three types: (1) damage to the cells and matrices of articular cartilage and subchondral 

bone not related to detectable disruption of the joint surface, (2) visible mechanical disruption 

of articular cartilage only in the form of chondral fissures, flap tears or chondral defects, and 

(3) visible mechanical disruption of articular cartilage and bone associated with intraarticular 

fractures [29,30]. Each type of tissue damage stimulates a different repair response and has a 
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different prognosis. In clinical practice, type-2 and -3 injuries have associated type-1 injuries. 

Type-3 injuries cause haemorrhage and fibrin clot formation and activates an inflammatory 

response [31]. Platelets release vasoactive mediators, cytokines and platelet-derived growth 

factors, stimulating angiogenesis and migration of undifferentiated mesenchymal cells into the 

clot, which begin to form a new matrix. As a result, the repair and remodelling of intraarticular 

fractures differ between injuries that cause only cell and matrix injury or disruption of the 

articular surface limited to articular surface. For these reasons, intraarticular fractures include 

all three types of articular surface injury [32]. The degree of articular incongruency reflected in 

gaps and/or step-offs between fracture fragments influence the extent and outcome of repair. In 

addition, remodelling responses leading to clinically evident joint instability and/or malalignment 

will decrease the cartilage repair potential. This forms an ongoing vicious cycle [32]. Concluding; 

development of radiological posstraumatic arthritis (PA) is associated with direct or indirect 

impact loading on the joint, soft tissue contusion, joint dislocation and intra-articular fractures, 

because these factors increase the risk of progressive joint degeneration [29,30,32]. 

In addition to articular incongruency, age appears to be one of the most substantial risk factors 

for the development of PA [32]. Basic scientific investigations have shown that articular 

chondrocytes have profound age-related changes in the ability to respond to anabolic stimuli 

[33,34]. In addition, clinical studies have also supported the hypothesis that age is an important 

risk factor. Patients over 50 years of age have a 2-4 fold greater risk for development of PA 

following intraarticular fractures of the knee [35]. Several genes, inluding IL-6-encoding pro-

inflammatory cytokines are involved in the development of osteoporosis and PA. Associations 

between radiological PA of the wrist and osteoporisis related phenotypes with polymorphism in 

IL-6 have been reported [36]. This suggests an association between preexistent osteoporosis and 

PA, possibly influencing outcome differently in patients of different ages. Literature reporting 

on outcome following DRFs mainly report on cohorts with wide age variations or cohorts with 

mainly older patients, in which preexistent osteoporosis and/or PA might significantly impact 

outcome. To gain insight in the impact of PA without these confounding factors in a young and 

active population, this thesis aims at reporting on non-osteoporotic patients following hand 

and wrist injuries. 

Radiological measurements. Normal anatomical parameters regarding the distal radius have been 

described in literature; normal values for radiocarpal joint surface tilt (dorsal angulation) vary 

from 0° to palmar 22° [37,38], radial inclination ranges from 16° to 29° [39,40], radial length 

normally varies between 8 and 17mm [41], and ulnar variance ranges from minus 4 to plus 

2mm [40,42] (Figure 3). Recent literature puts these measurements in perspective reporting on 

questionable intra- and interrelated reliability and considerable error magnitudes of radiological 

measurements following DRFs [43]. Error magnitude of residual gaps and/or step-offs has been 

reported to be within 1-2mm [43]. As intra- and interobserver reliability of measuring residual 
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gaps and step-offs were reported to be moderate to poor, it has been questioned whether 

these radiographic measurements should be used as criteria for guiding treatment [43,44]. 

Intercarpal ligamentous injuries of the scapholunate joint and distal radio-ulnar joint (DRUJ) 

instability are also associated with DRFs and might influence outcome [14,25,45]. Normal 

scapholunate distance (SL distance) has been reported to be within 2mm [46]. DRUJ distance 

should be assessed in comparison to a PA radiograph of the uninjured wrist (<2mm difference) 

or a difference of at least 4-5mm between both dorsal cortices on a lateral radiograph should 

be present (Figure 3) [47,48].

Restoration of articular congruency and alignment are described to be the key principles of 

management of DRFs, because lacking to fulfill these principles can lead to joint stiffness and 

long-term morbidity [22,32]. In literature, several decisive criteria for the reduction of wrist 

fractures are presented [49-51]. However, in most of these studies there is a heterogeneity of 

injuries, small numbers of patients with wide age ranges as well as underscoring of concomitant 

ligamentous injuries and different methods of assessment [32]. The role of radiological 

measurements on treatment and outcome following DRFs in young non-osteoporotic patients 

is unclear and needs further attention.

Reference values for radiological measurements

DRUJ distance
< 2mm in comparison to other wrist

Ulnar variance
-4mm to +2mm

Radial length

8 to 17mm

Radial inclination
16° to 29°

Dorsal angulation
0° to palmar 22°

SL distance
< 2mm

or > 4-5 mm distance dorsal cortex 
ulna-radius on lateral view

Figure 3. Radiological measurements regarding distal radius fractures

Clinician reported outcomes

Range of motion. Wrist motion is dependent on complex articulations of the distal radius, 

distal ulna and proximal carpal row of which the scaphoid and lunate are most important [52]. 

Biomechanically, flexion-extension and radio-ulnar deviation are a result of motion of the 

scaphoid and lunate in respect to the distal radius, which relies on the ligamentous stability 

between these two carpal bones and movement in the adjacent joint surfaces [53]. Damage to 

the radiocarpal joint and/or associated ligamentous injuries are reported to possibly influence 

range of motion [54]. Furthermore, malalignment of the distal radius following a fracture can 
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cause alterations of the DRUJ with anatomical change of the contact area, resulting in limited 

pronation and supination [55]. Unfortunately, due to the inhomogeneity of patient cohorts 

reported in literature, it remains unclear how range of motion is diminished in non-osteoporotic 

patients. In addition, little is known regarding the association between PA and range of motion 

and what can be expected of range of motion measurements at follow up after DRFs or PLD/

PLFDs in such a patient cohort.

Grip strength. Ageing is typically associated with a progressive loss of skeletal muscle mass and 

occurs at a rate of 3-8% each decade after the age of 30 years [56,57]. In general, grip strength 

of the upper extremity is reported to be a reflection of overall muscle strength and physical 

condition [58]. One might hypothesize that isolated hand and wrist injuries therefore do not 

result in diminished grip strength. On the contrary, the injury and the temporary associated 

diminished use of the entire extremity might influence grip strength. Some studies do report 

diminished grip strength measures following upper extremity injury in heterogenous cohorts 

with wide age variations [50,59]. It remains unclear if grip strength is diminished in non-

osteoporotic patients following hand and wrist injury.

Patient reported outcomes

In the last two decades, outcome assesment has shifted towards a patient-centred approach. 

Patient reported outcomes (PROs) assess outcome as experienced by the patient. A variety 

of PROs are available for upper extremity injuries. Commonly used PROs in literature 

regarding upper extremity injuries are the Disability of Arm, Shoulder and Hand questionnaire 

(DASH), Patient Reported Wrist Evaluation (PRWE) and to a lesser extent the Michigan Hand 

Questionnaire (MHQ). These questionnaires focus on domains that are most relevant to 

patients who have experienced hand and wrist injuries or disorders; the patients own perception 

of recovery and pain, and the ability to return to activities of daily life including high-demanding 

activities, such as sports [60,61]. In addition to upper extremity-specific questionnaires, more 

generic instruments that capture health status and quality of life, such as the Short Form-36 

(SF-36) may be useful to place upper extremity injury into a broader context and identify their 

influence on everyday life [62]. Since results of many studies are incomparable due to the 

application of different outcome measures, Waljee et al. and Goldhahn proposed a systematic 

approach to reporting outcome following DRFs in literature, including validated questionnaires 

[63,64]. However, no single PRO has emerged as superior [63]. A recent systematic review 

described good responsiveness of the DASH and PRWE following DRFs, however, the articles 

included in this review were of moderate quality [65], and there was limited evidence for 

reliability and validity [65]. Quality criteria have been set for the validation of PROs that should 

be applied to interpret these tools in a reliable way [66]. For example, confirmatory factor 

analysis has been performed for testing construct validity of the Dutch translation of the PRWE 

(PRWE-NL) [67]. This analysis has investigated the construct that the instrument measures 
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which revealed that the PRWE-NL measures one construct, while it was designed to measure 

two. Most studies reporting on PROs following hand and wrist injuries describe cohorts with 

wide age variation. The young non-osteoporotic patient might have a higher demand of the 

function of his/her hand or wrist. Therefore, we hypothesize PROs following DRFs or PLD/

PLFDs might be affected differently in this population than in the older population. The question 

arises what the association between DRFs and/or PLD/PLFDs is and several PROs. In addition, 

the influence of PA, radiological measurements and CROs on PROs in this young patient 

population remains unclear. 

A solution to the interpretation of the wide variety of PROs could be the recently developed 

Patient-Reported Outcomes Measurement Information System (PROMIS®). This set of 

measures was developed by the National Institute of Health as an integrated collection of 

instruments designed to capture self-reported health status across 3 broad domains: physical, 

mental and social [68,69]. Each individual instrument consists of an ‘item bank’, or a group of 

questions that aims to measure a specific aspect of health-related quality of life. These can 

be administered as short forms or computerized adaptive tests (CAT) [69,70]. CAT uses an 

algorithm that selects the most informative items from the item bank, based on the individual’s 

response to previously administered items. In this way, high measurement precision can be 

obtained with low respondent burden. PROMIS item banks, such as PROMIS physical function, 

pain interference and upper-extremity function, have been studied for use among patients with 

upper-extremity conditions. These may reduce the burden placed on patients while maintaining 

or improving measurement properties, because computerized adaptive versions of PROMIS 

typically have fewer items and less floor and ceiling effects. Untill now, the PROMIS physical 

function - upper extremity v2.0 (PROMIS-UE v2.0) item bank has not been translated to the 

Dutch language nor has been validated in patients with upper extremity injuries. 

Clinical relevance

For the clinician it is important to be able to extrapolate reported outcomes following hand 

and wrist injuries from literature to everyday clinical practice. Therefore, reporting on error 

magnitudes regarding radiological measurement and clinical relevant changes regarding 

CROs and PROs is mandatory. Recent literature puts normal radiological measurements 

following DRFs in perspective reporting on questionable intra- and interrater reliability and 

considerable error magnitudes of radiological measurements following DRFs [43]. In addition, 

when reporting on CROs and PROs following hand and wrist injury, most literature reports 

on ‘smallest detectable change’ (SDC) when reporting on outcomes following DRFs. SDC is a 

statistical measurement and does not take into account changes as experienced by patients. 

Clinically more relevant is the ‘minimal important change’ (MIC), which is the smallest change in 

an outcome measurement that a patient would perceive as important [71-74]. MICs following 

DRFs have been reported scarcely on CROs [75,76] and PROs [77-79]. 
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Aims 

The general objective of this thesis is to gain insight in radiological measurements, CROs and 

PROs following hand and wrist injuries in non-osteoporotic patients. We aim to report on the 

prevalence of PA in these young non-osteoporotic patients and gain insight in the association 

between radiological measures, CROs and PROs. In addition, we aim to put these outcome 

measures in perspective by reporting on their clinical relevance. 
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OUTLINE OF THIS THESIS

These aims are explored in different studies. Part 1 of this thesis (Chapters 2 to 5) focuses on 

hand and wrist injuries in non-osteoporotic patients, and reports on outcome measures and 

their associations. In addition, clinical relevance of outcome measures is presented. Part 2 of this 

thesis (Chapters 6 to 8) focuses on PROs following upper extremity injuries. The Dutch version 

of the DASH (DASH-DLV) is validated. In addition, validation of the Dutch-Flemish translation 

of the PROMIS-UE v2.0 item bank (DF-PROMIS-UE v2.0) has been performed. 

In Chapter 2 we aim to provide an overview of the literature regarding the association between 

PA and outcome measures in non-osteoporotic patients following DRFs. 

The objective of Chapter 3 is presenting on the prevalence of PA and its associations with CROs 

and PROs measured in a cohort of non-osteoporotic patients following DRFs. 

The purpose of Chapter 4 is providing insight in the evolution of radiological measurements over 

time following DRFs and their association with CROs and PROs in non-osteoporotic patients. 

In addition, we aim to report on the clinical relevance of the outcome measures. 

Chapter 5 is aimed at providing an overview of the severity of CROs and PROs following PLD/

PLFDs by comparing these outcomes to those of matched healthy controls. 

The goal of Chapter 6 is validation of the DASH-DLV in patients with hand and wrist injuries 

using comfirmatory factor analysis. 

Chapter 7 is directed at describing the structural validity and construct validity for the Dutch-

Flemish translation of the PROMIS UE v2.0 item bank.

In Chapter 8 we aim to provide the validation of the Dutch-Flemish translation PROMIS UE v2.0 

item bank using Item Response Theory, after which Computer Adaptive Tests can be performed 

with this PRO.

Chapter 9 comprises the discussion and future perspectives of this thesis.
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