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The absence of a hand, due to a congenital reduction deficiency (RD) or acquired 
amputation (AA), may have major impact on functioning. An upper limb prosthesis is often 
prescribed to regain functionality. However, current prostheses are merely a helpful tool 
and are certainly not a full replacement of the missing limb. The individual is thus heavily 
reliant on the unaffected limb for daily and work-related tasks, resulting in an asymmetric 
load on the body structures. Furthermore, as current prosthetic systems do not restore all 
body functions of an upper limb, mainly due to limitation in wrist movement, intuitive 
control, and feedback, compensatory strategies are used to perform tasks.1,2 The physical 
limitations of one-handedness may therefore have an impact on (the development of) body 
structures of the trunk, unaffected limb, and remaining part of the affected limb, and may 
predispose these individuals to specific and non-specific musculoskeletal complaints 
(MSC) not caused by acute trauma or any systemic disease.3 

Over the past years the subject of MSC gained attention in research related to 
individuals with ULA. The first study primarily focusing on complaints in the unaffected 
arm was conducted in 1999, reporting complaints in the contralateral arm in 22 (59%) of 37 
individuals with a transcarpal or more proximal AA.4 A broad variety of problems were 
diagnosed; both specific complaints, such as epicondylitis, shoulder impingement, and 
tenosynovitis, as non-specific complaints. Time from amputation until the first onset of 
symptoms varied widely. Since then, more studies on the subject were conducted,5–10 all 
reporting substantial rates of MSC in this population (Table 1). 

Four studies examined the relationship between occurrence of MSC and prosthesis 
use, but none found a significant difference between prosthesis users and nonusers.7–10 
However, carpal tunnel syndrome (CTS) was most prevalent in nonusers (4 out of 4 
reported CTS) and individuals with a cosmetic prosthesis (21 (46%) out of 46), versus 
myoelectric prosthesis users (0 out of 4) and body-powered prosthesis users (4 (33%) out of 
12).10 These findings may suggest that prostheses with more function, such as the body-
powered and the myoelectric prosthesis, decrease the risk of CTS in the unaffected limb, 
but a larger study is needed to substantiate this claim. In this study type of prosthesis was 
not related to presence of complaints in the neck, shoulder, and elbow.10 Associations with 
several other factors were examined in the aforementioned studies, revealing that pain in 
the unaffected limb was not associated with gender,7,9 time since amputation,7,10 level of 
deficiency,10 or cause of deficiency (congenital versus acquired).10 

Problem analysis inspiring this thesis 
From the brief summary of current literature (see Table 1) it can be concluded that 

MSC often occur in individuals with ULA. The back, neck, and shoulder were often 
revealed as the bodily locations with most complaints.5,8,10 Over time the studies became 
more comprehensive, examining not only rates of complaints, but also related variables. 
However, gaps of knowledge regarding occurrence and characteristics of MSC in this 
population remain, inspiring the research presented in several chapters of this thesis. First 



 

of all, the consequences of presence of MSC on functioning, disability, and health 
perception are currently unknown. Second, although the relationship with several personal 
and deficiency related factors were examined, validation in a larger study population may 
lead to new insights. Third, only one of the studies thus far examined individuals with RD,9 
while other studies examined individuals with AA only,4,6,8 or had only a small percentage 
(1 to 20%) of individuals with RD included.5,7,10 In a study among 13 individuals with RD 
and 52 individuals with AA, no difference in rate of complaints was found between these 
two groups.10 A study with a larger number of individuals with RD is necessary to verify 
these results. Last, the previously mentioned studies were performed in Australia,4 the 
United Kingdom,5 the United States of America,6,7 Norway,8,9 and Slovenia.10 The 
prevalence of MSC among the Dutch population of individuals with ULA thus remains 
unknown.  

 
The international classification of functioning to describe effects of ULA 

The International Classification of Functioning, Disability, and Health (ICF) is used to 
describe health and disability (Figure 1).11 It describes the consequences of disease in the 
domains body functions and structures, activity, and participation, and the personal and 
environmental factors influencing these consequences. In the case of an individual with 
ULA the component Health condition is affected by (partial) absence of the limb, due to a 
transversal RD, caused by in utero failure of formation of upper limb structures (ICD-10 
codes12: Q71.0, Q71.2-3),13 or an AA (ICD-10 codes12: T11.6, S48.0-1, S58.0-1, S68.4). 
Subsequently, ULA may influence other body structures and functions, such as structures 
of the shoulder region (ICF-code14: s720), structures of the upper extremity (s730), and 
structures of trunk (s760), mobility of joints (b7100, b7101) and possibly muscle endurance 
(b7401) and muscle power (b7300).  

 
Development of the spine may be influenced by ULA; among 60 children with 

transversal upper limb RD, 19 (31%) had scoliosis.15 A slightly higher percentage (46%) of 
self-reported scoliosis was found among 77 Norwegian adults with upper limb RD 
(including longitudinal defects).9 Furthermore, 28 (37%) of them reported reduced joint 
movement (specifications not reported). An AA is often caused by trauma,5,7,16 which may 
have resulted in additional impairment of other body functions and structures. Literature on 
physical functional outcomes after amputation is scarce. Østlie et al clinically examined 70 
individuals with upper limb amputation and found a high frequency of impaired neck 
mobility, and reduced shoulder flexion and forearm pronation of the affected limb.16 
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Table 1 Overview of studies on MSC in individuals with ULA. 
 Jones4† Datta5 Ephraim6§ Hanley7 Østlie8¶ Johansen9 Burger10 
 1999 2004 2005 2009 2011 2015 2015 
n 46 60 100 104 224 77 65 
Age [mean]  
Age [(range)] 

38  
(13-84) 

58  
(?) 

50  
(?) 

47  
(18-64) 

54  
(20-95) 

43  
(20-82) 

58  
(23-85) 

Sex: male (%) 89 ? 60 69 84 29 75 
Prosthesis use (%) 63 75 63 57 81 68 95 
Cause of ULA         
 RD 0 5 0 1 0 77 13 
 AA 46 55 100 103 224 0 52 
Percentage of individuals with complaints per bodily location* 
All locations combined      63†† 72 
Back  40‡ 64 52 45#   
Neck  45  43 57¥  29 
Unaffected limb 50  36 33 57   
 Shoulder  45   59**  40 
 Upper arm     32   
 Elbow  28   29  20 
 Forearm     28   
 Wrist  28   27  43‡‡ 
 Hand  23   26   

 
When not reported in the original manuscript, data regarding age, sex, and prosthesis use is in this table 
presented with a question mark. Two studies included individuals with partial hand amputations.4,7 All studies 
used questionnaires to assess self-reported musculoskeletal pain, with the exception of Burger, who used 
structured interviews.  
* Percentages of individuals with complaints per bodily location. Locations of complaints or pain reported in the 
original manuscript are presented here; † Of the 46 participants, 37 had a transcarpal or more proximal AA, of 
which 59% reported pain in the unaffected limb; ‡ Upper back; § The total study population exists of 914 
individuals, of which 812 with lower limb AA, 8 with bilateral upper limb AA, and 92 of unilateral upper limb AA. 
Age, sex distribution, and prosthesis use is presented for the entire group of 914 participants. The locations of 
complaints are presented for individuals with ULA (unilateral or bilateral) only; ¶ This is the only study including a 
control group. Self-reported musculoskeletal pain was more frequent in individuals with ULA than in the control 
group, except for lower back pain. The study sample includes 10 individuals with bilateral ULA; # Lower back; ¥ 
Neck and upper back combined; ** One or both shoulders, 44% reported bilateral pain; †† Percentage of 
individuals reporting chronic pain. 61% of the individuals reported chronic pain had pain bilaterally; ‡‡ Carpal 
tunnel syndrome.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Figure 1 International Classification of Functioning, Disability, and Health (ICF) 
model.11 
 

 
 
The affected body functions and structures may, combined with environmental and 

personal factors, influence activity and participation. Amputations of the upper limb often 
occur at a young age.4,5,8 This means that these individuals, as well as individuals with RD, 
who are born with it, typically have many working years ahead. Participation in the labor 
market (ICF-code14: d840-d859) is generally beneficial for the individual,17,18 and therefore 
return to work is often an important goal of rehabilitation. After amputation of an upper 
limb 50 to 93% of the individuals return to work at the same or a different company.5,19–21 
Altered body functions and structures may pose a challenge on certain work tasks and may 
make certain types of jobs less appropriate. Consequently, job adjustments, or change of 
work, are often necessary.19,21 In 1992, the unemployment rate of Danish amputees was 
twice the unemployment rate in the general population.22 In a Canadian study (performed in 
1985) among individuals with upper and lower limb amputation, female sex and older age 
at time of amputation were associated with unemployment.19 Evidence regarding the 
association between loss of a dominant hand and return to work is conflicting,5,19 and rates 
of prosthesis use at work vary widely (15 to 91%).5,20 Body functions and structures seem 
to be related to employment status, as better self-assessed arm function was significantly 
associated with paid employment in a Norwegian study among over 200 individuals with 
upper limb AA.16 More insight into the role of body functions and structures, as well as 
personal and environmental factors related to work participation, may facilitate 
rehabilitation programs focusing on return to work after ULA.   

Chronic pain in amputees may not only negatively influence physical functioning, but 
also emotional, social and vocational functioning.23 Generally, presence of pain negatively 
influences work productivity.24–27 In individuals with ULA, phantom and stump pain were 

Health condition 
(disorder or disease) 

Activity Body functions & 
structures 

Participation 

Environmental factors Personal factors 
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negatively associated with successful employment.19 Marshall et al described “dual 
disability”, explaining disability due to pain adding to the disability caused by 
amputation.28 In their study, consisting of 47 individuals with an amputation, of which 5 
with ULA, amputees reported higher disability in presence of moderate of severe pain (such 
as residual limb pain) than when no or lower levels of pain were reported. In individuals 
with lower limb amputation, residual limb pain seems to be of greater interference in daily 
life style than phantom limb pain.29 These findings suggest that in individuals with an 
amputation, pain may result in “dual disability”, whereas not all types of pain interfere in 
daily life with similar impact. Whether MSC cause “dual disability” in individuals with 
ULA is unknown, as well as the influence of this “dual disability” on work participation 
and work productivity.  
 
Influence of body functions and structures on capacity 

An instrument to assess the influence of body functions and structures on activity is 
the functional capacity evaluation (FCE), which focuses on the interaction between the 
domains Body functions and structures, Activity, and Participation.30 An FCE is a 
comprehensive standardized assessment of an individual’s ability to perform work-related 
tasks,31 and measures the highest probable level of functioning that a person may reach in a 
domain at a given moment in a standardized environment.30 An FCE can consist of 
different tests, such as lifting, pulling, repetitive motion, and grip strength. These tests 
evaluate several general risk factors for MSC, such as forceful exertions, repetitive motions 
and awkward posture.32,33 

 
FCEs are typically developed for two-handed individuals, thus warranting the 

development of an FCE for one-handed individuals. Such an FCE would enable 
professionals in rehabilitation and occupational medicine to make recommendations for 
participations in work, while considering the individual’s body functions and structures, 
environmental factors, personal factors and health status. Moreover, such an instrument 
could be used to match the person’s capacity with work requirement, thus possibly limiting 
the risk on MSC. As working with the upper limbs in awkward positions are related to 
MSC,32,33 an assessment instrument for compensatory strategies is warranted.  
 
  



 

Thesis aims 
The principal aim of this thesis is to explore the effects of upper limb absence (ULA), 

due to RD or AA, on the remaining body structures and functions, on development and 
characteristics of MSC, and on functional capacity. The influence of personal and 
environmental factors on MSC-related disability, work participation and productivity will 
be assessed. The aims of this thesis are as follows: 

 
1. To examine development of body functions and structures of children with unilateral 

upper limb RD; 
2. To assess the prevalence of MSC in Dutch individuals with unilateral ULA, and 

compare this with the general Dutch population; 
3. To compare prevalence of MSC between individuals with upper limb RD and AA;  
4. To assess the consequences of presence of MSC regarding health and disability, and to 

examine which environmental and personal factors influence occurrence of MSC; 
5. To assess the consequences of ULA and presence of MSC on work participation and 

productivity, and to examine which environmental and personal factors influence 
work participation and productivity;  

6. To develop and examine reliability and safety of an FCE for one-handed individuals, 
and assess functional capacity of individuals with ULA using this instrument; 

7. To develop and examine reliability of an assessment tool for compensatory 
movements during FCE-testing of individuals with ULA.  

 
Thesis outline 

These aims are answered in six chapters and discussed in a final chapter. In chapter 2 
the development of structures of the trunk and upper limbs of individuals with RD are 
examined in a follow-up study of 24 years. Participants underwent a physical examination 
during childhood and young adulthood, and answered a short questionnaire regarding 
presence of MSC. Chapter 3 investigates the prevalence of MSC in Dutch individuals with 
upper limb RD or AA, compares the prevalence of MSC between these groups, and 
examines the consequences of MSC regarding health and disability. Work participation of 
these individuals, as well as the influence of MSC on work productivity, are described in 
Chapter 4. The following chapters focus on functional capacity of individuals with ULA: 
in chapter 5 the development and pilot testing of an FCE for one-handed individuals is 
presented. The test-retest reliability and safety of this newly developed instrument is 
determined in chapter 6, while in chapter 7 the development of a scale to assess 
compensatory movements when performing the FCE for one-handed individuals is 
described, as well as the assessment of intra- and interrater reliability of this scale. Finally, 
chapter 8 provides perspectives regarding the main findings of the aforementioned 
chapters, describes the clinical implications of the studies conducted, and gives suggestions 
regarding further research. 
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Abstract 
 
Objective To describe upper body structures associated with upper limb reduction 
deficiency and the development of these structures over time, to examine the presence of 
physical complaints in this population, and to compare body structures and complaints 
between groups based on prosthesis use. 

Design Prospective cohort study with a follow-up period of 24 years, with matched able-
bodied controls. 

Subjects Twenty-eight patients with unilateral below-elbow reduction deficiency fitted 
with myoelectric prostheses, aged 8–18 years at inclusion. 

Method Measurements of upper arm, trunk and spine were performed and study-specific 
questionnaires were answered at baseline and follow-up; the Brief Pain Inventory and the 
Quick Disability of Arm, Shoulder, and Hand questionnaires were answered at follow-up. 

Results Both at baseline and follow-up, within-subjects differences in structures of the 
arm and trunk were shown in patients but not in controls. Spinal deviations, although small, 
were greater in patients compared to controls. Self-reported disability was higher in patients 
compared to controls. Differences in back pain and effect of prostheses use could not be 
shown. 

Conclusions Patients with unilateral below-elbow reduction deficiency have consistent 
differences in upper body structures. Deviations of the spine, probably of functional origin, 
do not progress to clinically relevant scoliosis. 

  



 

Introduction 
 

Very little is known about the development of the upper body structures of children 
with upper limb reduction deficiency (ULRD). Examinations of the spine have previously 
found significant scoliosis without congenital malformations of the spine in 19–31% of 
children with ULRD.15,34 However, the development of these spinal deviations over 
time is unclear. Current clinical practice encompasses examination of the spine to detect 
scoliosis, even though scientific evidence for the necessity of this procedure is lacking. 
Furthermore, little is known about back pain or other physical complaints that these 
patients may experience in adulthood. One may expect higher rates of physical 
complaints in the unaffected hand or arm of a person with ULRD after many years of 
one-handedness. Earlier studies on physical complaints in individuals with a short arm 
have reported rates of arm and back complaints of 40–55% among the examined 
population.4,5,35,36 These studies did not focus specifically on patients with ULRD, who 
differ from those with amputations in that they are more able to use both the affected 
and unaffected arm to perform daily tasks due to natural adaptation. Because of population 
aging, more insight into physical complaints in older patients is valuable. 

Currently, children with ULRD are fitted with a myoelectric prosthesis at an early 
age.37,38 One of the reasons for this is the hypothesis that the weight and use of a 
prosthesis prevents physical problems at a later age. The use of a prosthesis may 
stimulate symmetrical movements and the weight may stimulate the growth of bone and 
soft tissue. However, no research has been performed to study the relation between 
myoelectric prosthesis use and the development of body structures and physical 
complaints in patients with ULRD. Hence, there is a need for further studies on this 
topic. 

Therefore this study aims to i) describe the body structures of the spine, trunk 
and arms in patients with unilateral ULRD compared to able-bodied controls, ii) 
describe the development of the structures of arms and trunk over time, iii) examine 
the presence of physical complaints in patients with ULRD compared to able-bodied 
controls, and iv) compare body structures and physical complaints between groups 
based on prosthesis use. 

 
 

Methods 
 
Participants and procedure 

Patients In 1987, all children with unilateral ULRD below the elbow aged 8–18 
years, who were fitted with a myoelectric prosthesis at the Limb Deficiency and Arm 
Prostheses Centre in Örebro, Sweden, were invited to participate in the study. A further 
inclusion criterion was sufficient comprehension of the Swedish language. In 2011, the 
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same patients were invited again to the clinic for follow-up measurements. 
Controls In 1987, each patient was matched for age and gender with one control from 

a local school. In 2011, each patient was matched for age, gender, weight (±10 kg), and 
height (±10 cm) with two employees of the hospital or acquaintances of the researchers. 
The exclusion criterion for the controls was presence of unilateral upper limb health 
problems. 

In 1987, data were collected during a regular visit to the hospital; in 2011, patients 
were called in especially for this study. The data was obtained from physical measurements 
of the spine, trunk and arms, study-specific and validated questionnaires (Table 1). The 
1987 data were collected by an occupational therapist and a physician and the 2011 data by 
a physical therapist and a researcher. Before joining the study, patients and controls 
received oral and written information and gave their written informed consent. For patients 
younger than 15 years, written informed consent was given by the parents. The study was 
approved by the Regional Ethical Review Board in Örebro, Sweden, in 1987 and Uppsala, 
Sweden, in 2011. 

 
 
 

Table 1 Data collections performed in 1987 and 2011.  

 Research period 1987  Research period 2011 
Patients Controls Patient Controls 

      
Physical measurements      
Structural deviations of the spine:      
 Moiré topography x x    
 Scoliometry    x x 
 Perpendicular line    x x 
Scapular size x x  x x 
Thoracic circumference    x x 
Upper arm length    x x 
Arm volume x x  x x 
Range of motion (shoulder and elbow)    x x 
Leg length inequality    x x 
Questionnaires      
Study specific questionnaire x x  x x 
BPI-SF    x x 
QuickDASH    x x 
 
Abbreviations: BPI-SF: Short Form of the Brief Pain Inventory; QuickDASH: Shortened version of the Disability of 
the Arm, Shoulder, and Hand.  
 
 
 
 
 



 

Physical measurements 
Structures of the spine In 1987, spinal deviations were measured using Moiré 

topography.39 The number of contour lines between the scapula and armpit were recorded 
for both sides. Measurements were performed with and without prosthesis. There was no 
correction for leg length inequality (LLI). Due to unavailability of the Moiré topography 
equipment in 2011, scoliometry was used (Pedi-Scoliometer, Pedihealth Oy, Oulu, 
Finland). This is a validated method with very good to excellent inter- and intra-rater 
reliability that shows the angle of trunk rotation (ATR).40–44 Significant correlations 
between the Cobb angle and the ATR, especially for the thoracic level, have been 
shown.45,46 Scoliometer measurements were taken from costal level C7 till level L5, by 
moving down the scoliometer along the spine (Figure 1). The degree and spinal level at the 
maximal ATR and the side of the corresponding rib hump or lumbar prominence were 
recorded.15 In 2011, deviations of the spine were also measured using a perpendicular line. 
The spinous process of the Th1 was used as the reference point for the vertical line. The 
level and maximal distance (in 0.5 cm accuracy) of the spinous processes to the string and 
the side of the deviation was recorded. Both scoliometry and perpendicular line 
measurements were carried out after correction for LLI and were conducted with and 
without prosthesis. 

Structures of the trunk To measure scapular size and thorax circumference, a 
measuring tape was used. Scapular size, defined as the distance between the spine of the 
scapula and the inferior scapular angle alongside the medial border, was measured on both 
sides (Figure 2). Thorax circumference, defined as the distance between the xiphoid process 
and the spinous process of Th10, was measured for both sides separately during exhalation 
(Figure 3).  

Structures of the arm Water plethysmography was used to measure arm volume in 
both arms at three predefined points: wrist (level with the styloid process of the radius), 
elbow (level with the elbow crease, with the elbow flexed at 90°) and upper arm (level with 
the axilla, with the contralateral arm marked at the same level) (Figure 4). Water 
plethysmography has a high inter- and intra-rater reliability and is seen as the gold standard 
for volume measurement of a limb.47–49 The displaced water was measured with 1 ml 
precision. Upper arm length was determined by measuring the distance between the lateral 
side of the acromion and the olecranon. The range of motion (ROM) of the shoulder was 
measured for anteflexion, abduction and external rotation, and of the elbow for flexion and 
extension, using a manual goniometer. Both arms were measured, the deficient side without 
prosthesis. Differences were calculated as the ROM on the non-deficient side minus the 
ROM on the deficient side. A difference of 10° or more between either shoulders or elbows 
was considered to be of clinical relevance.50 In physical measurements of the able-bodied 
controls, their non- dominant side was used to correspond to a patient’s deficient side. To 
measure leg length inequality (LLI), a Pelvic Balance (Otto Bock, Duderstadt, Germany) 
was used. The endings of the Pelvic Balance were placed on the iliac crests. Differences of 
≥0.5 cm were recorded. 
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Questionnaires 
Study specific questionnaires The 11-item therapist- administered questionnaire 

used in 1987 recorded age at first fitting, type of prosthesis, frequency of prosthesis 
use and the presence of back pain. Participants in the control group were only asked about 
the presence of back pain. 

The 15-item self-administered questionnaire used in 2011 contained additional 
questions about the current work situation and health of the patient. The control group 
participants answered a 6-item version of this questionnaire. 

Frequency of prosthesis use was categorized into two groups: full-time users, 
defined as wearing the prosthesis at least eight hours a day, seven days a week; and non-
full-time users, defined as wearing a prosthesis from never to a maximum of four to 
eight hours a day, five to seven days a week. 

In 2011 two additional questionnaires were administered: Short Form of the 
Brief Pain Inventory (BPI-SF), Swedish version The BPI-SF is a validated questionnaire 
used to assess the  intensity  of  chronic  pain,  pain  relief,  pain  quality  and  the 
interference  of the  pain  on  the  patient’s  life.51–53 The first question, concerning pain 
during  the last week, other than common pains like minor headaches, sprains and 
toothaches, was used to assess the presence of physical complaints. 

The shortened Disabilities of the Arm, Shoulder and Hand questionnaire 
(QuickDASH), Swedish version The QuickDASH is a validated 11-item version of the 
DASH that can be used in upper extremity musculoskeletal disorders with similar 
precision to the DASH.54,55 Answers are ranked on a 5-point Likert scale (‘no 
pain/difficulties at all’, to ‘a lot of pain/ difficulties’). Two additional modules from 
the DASH, the 4-item sports/music module and the 4-item work module, were also used. 
The average of the assigned values was transformed to a 0–100 scale score, with a higher 
score indicating a greater disability. 

 
Statistical analysis 

Statistical analysis was performed using the SPSS 15.0 software package (SPSS Inc., 
Chicago, USA). Descriptive statistics were calculated for all measurements. The Mann-
Whitney U test was used to test for differences between patients and controls and 
between full-time and non-full-time prosthesis users. The Wilcoxon Signed-Rank test 
was used to compare the patients’ measurements over time and measurements with and 
without the prosthesis. Fisher’s exact test was used to test for differences in percentages of 
physical complaints between patients and controls and between full-time prosthesis users 
and non-full-time users. P-values ≤0.05 were considered to indicate statistically 
significant differences. Data are presented as mean±SD, unless otherwise stated. 

 



 

 
 
 
 
 
 
 
 

Figure 1, 2, 3 and 4 Measurement of deviations of the spine with scoliometry (1), 
measurement of scapular size (2), measurement of thorax circumference (3), and 
water plethysmography, example of measuring volume at wrist level (4).  
 
 
 
Results 
 
Demographics 

In 1987, 28 out of 29 children eligible for the study participated (Table 2). All children 
had been fitted with a prosthesis, the mean age of first fitting was 2.8 years (range: 0.5–11 
years). In most cases the first prosthesis was cosmetic and was later converted to a 
myoelectric prosthesis. In 2011, three of the 28 patients had moved abroad; the 
remaining 25 were invited to revisit the clinic. Two former patients declined participation 
and six did not respond to the invitation and were thus lost to follow-up. The remaining 
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17 patients agreed to participate; one of them was unable to visit the clinic due to the 
travel distance but agreed to answer the questionnaires. These patients’ deficiencies were 
classified according to ISO 8548-1:89, showing that eight were in the upper third 
deficiency level, five in the middle third, and two in the lower third.56 One patient had a 
deficiency at the carpal level. See Table 2 for more detailed information regarding the 
patients’ characteristics. 

 
 
 

Table 2 Demographics of patients and controls.  

 Research period 1987  Research period 2011 
Patients 
(n=28) 

Controls 
(n=28) 

Patient 
(n=17) 

Controls 
(n=34) 

Sex [% (n)]      
 Male 57.1 (16) 57.1 (16)  52.9 (9) 52.9 (18) 
 Female 42.9 (12) 42.9 (12)  47.1 (8) 47.1 (16) 
Age in years [median (range)] 13 (8; 18) 13 (8; 18)  37 (32; 42) 37 (31; 42) 
Deficiency (controls: non-dominant 
side) [% (n)] 

     

 Right 35.7 (10) 17.9 (5)  41.2 (7) 8.8 (3) 
 Left 64.3 (18) 82.1 (23)  58.8 (10) 91.2 (31) 
Prosthesis use* [% (n)]      
 Full-time 64.3 (18) NA  58.8 (10) NA 
 Non-full-time 35.7 (10) NA  41.2 (7) NA 
 
* Prosthesis use: full-time = more than 8 hours a day, 7 days a week; non-full-time = never to a maximum of 4-8 
hours a day, 5-7 days a week.  

 
 
 
Body structures 

Structures of the spine In 1987, the median difference in number of Moiré rings 
between the deficient and non-deficient side was 1.5 for patients and it was 0.5 between 
dominant and non-dominant sides for controls, (p=.001) (Table 3). In 2011, the scoliometer 
measurements in patients were significantly greater for the thoracic region (p=.005), but not 
for the (thoraco-) lumbar region, compared to their matched controls. 

The perpendicular line measurements gave a mean deviation of 6.6 mm for patients 
and 2.6 mm for controls (p=.025). Ten patients (63%) had a lumbar deviation toward the 
non-deficient side, whereas two patients had a deviation toward the deficient side. 

Structures of the trunk The scapula on the patients’ deficient side was, both in 1987 
and 2011, smaller compared to their non-deficient side (1987: p<.001; 2011: p<.001) and 
also compared to their matched controls (Table 3). The difference between the patients’ two 
scapulas did not change over time (p=.326). The circumference of both thorax halves 
differed more in patients than in controls (p= .001). The mean difference between patients’ 



 

thorax halves was 1.4±0.8 cm, compared to 0.6±0.5 cm for the controls (p=.001). For 
patients, the smaller thorax half was on the deficient side in all but two cases. 

Structures of the arm There was a significant difference in upper arm length  
discrepancy  between  patients  and  controls (Table 3), with the mean difference in upper 
arm lengths being greater in patients (1.1±0.9 cm versus 0.5±0.4 cm, p=.008). The patients’ 
upper arm on the deficient side was shorter compared to the upper arm on the non-deficient 
side (p=.001). The volume of both upper arms differed more in patients than in controls. 
The patients’ upper arm volume on the deficient side was, both in 1987 and 2011, 
significantly smaller compared to the upper  arm  volume  on  the  non-deficient  side  
(1987:  p<.001; 2011:  p<.001).  The volume differences between participants’ upper arms 
increased over time (p=.008). In contrast, there was no statistically significant difference 
between the ratio of stump volume and non-deficient forearm over time. 

When compared to the controls, the patients’ ROM in external rotation of the shoulder 
and the ROM in flexion of the elbow were restricted on the deficient side, and 
hyperextension of the elbow was present on the deficient side. All significant differences in 
the patients’ ROM were of clinical relevance (>10°) (Table 3). 

Leg length inequality was present in both groups but did not differ significantly (Table 
3). 

 
Physical complaints 

When comparing the relative presence of back pain (1987) or physical complaints 
(2011), there were no statistically significant differences between patients and controls, 
either in 1987 (14.3% versus 10.7%,  p=.382),  or  in  2011  (29.6%  versus  20.6%, 
p=.503). In 2011, the patients most often had neck and shoulder pain but none of them had 
pain in their unaffected hand. In comparison, among controls the pain was mostly located in 
the back, shoulders, and hand or thumb. 

The patients reported a significantly greater disability on the QuickDASH compared 
to the controls (10.4±11.8 versus 2.0±3.3, p<.001). Furthermore, the scores for the DASH 
sports/music module differed significantly between patients (n=11) and controls (n=24) 
(14.7±17.0 versus 1.5±6.4, p=.001). The deficiency seems to have a minor influence on the 
patients’ (n=16) ability to work, since no statistically significant difference (5.1±14.4 
versus 0.4±1.4, p=.139) was found compared to controls (n=34). 

 
Body structures and complaints in groups based on prosthesis use  

No significant differences between full-time users and non-full- time users of 
prostheses were found on spinal deviations and physical complaints (Table 4). Furthermore, 
there was no significant difference in upper arm volume, upper arm length, scapular size or 
thoracic halves. Neither was there any significant difference between spinal deviation 
measurements with and without prosthesis. 

 
 
 

24-year follow-up on body structures and physical complaints | 25 



 

 
  26 | Chapter 2 

Table 3 Body structures of patients and controls.  
 1987  2011  

Patients 
(n=28) 

Controls 
(n=28) p 

Patient 
(n=16) 

Controls 
(n=32) p 

Structures of the spine       
Moiré rings difference (median, IQR) 1.5 (1.0; 2.0) 0.5 (0.0; 1.0) <.001 ᴂ ᴂ  
Thoracic deviations scoliometer (°) ᴂ ᴂ  2.2 (2.2) 1.4 (1.8) .005 
Lumbar deviations scoliometer (°) ᴂ ᴂ  3.1 (1.9) 1.3 (2.0) .170 
Lumber deviations perpendicular line (mm) ᴂ ᴂ  6.6 (6.2) 2.6 (3.3) .025 
Structures of the trunk*       
Scapular size (%) 95.0 (4.1) 100.0 (0.0) <.001 93.2 (2.4) 100.0 (1.4) <.001 
Thoracic circumference (%) ᴂ ᴂ  97.2 (1.9) 99.1 (1.7) .001 
Structures of the arm*       
Upper arm length (%) ᴂ ᴂ  97.0 (2.4) 100.6 (1.8) <.001 
Upper arm volume, total¥ (%) 84.8 (8.2) 100.3 (8.2) <.001 74.6 (12.5) 100.0 (6.6) <.001 
 Male 83.8 (7.9) 99.0 (8.7) <.001 70.5 (13.8) 100.2 (5.5) <.001 
 Female 86.2 (8.8) 102.1 (7.9) <.001 79.9 (8.7) 99.8 (8.0) <.001 
ROM [differences between arms (°)]∞       
 Shoulder – external rotation ᴂ ᴂ  16.3 (14.7) 2.8 (6.5) .002 
 Shoulder - abduction ᴂ ᴂ  0.4 (7.6) 0.6 (4.2) .459 
 Shoulder - anteflexion ᴂ ᴂ  0.6 (9.8) 1.3 (3.1) .372 
 Elbow - flexion ᴂ ᴂ  14.9 (13.3) 0.8 (3.3) <.001 
 Elbow – extension  ᴂ ᴂ  -12.9 (10.6) 0.0 (1.1) <.001 
Leg length inequality (% of cases with LLI)  ᴂ ᴂ  37.5 31.3 .750 
 
Abbreviations: IQR: interquartile range; ROM: range of motion.  
Unless mentioned otherwise, results are described as ‘mean (SD)’. P-values ≤.05 highlighted in bold.  
* Scapular size, thoracic circumference, upper arm length and arm volume measures are given for the deficient side as a percentage of the non-deficient side. For the 
controls, the non-dominant side is measured as a percentage of the dominant side; ∞ ROM differences were calculated as the ROM on the non-deficient side minus the 
ROM on the deficient side; ¥ n=27 in 1987, both in the patient group and in the control group; ᴂ Not available. 

 



  
 
Table 4 Body structures of patients and physical complaints in groups based on prosthesis use.  
 Prosthesis use  Intra-patient measurements  

Full-time* Non-full-time* p With prosthesis Without prosthesis p 
Spinal deviations       
1987 (Moiré topography)  n = 18 n = 10  n = 28   
Differences in contour lines (median (IQR)) 2.0 (1.0; 2.0) 1.0 (0.8; 2.0) .528 1.0 (1.0; 2.8) 1.5 (1.0; 2.0) .681 
2011 (Scoliometry, perpendicular line)  n = 9 n = 7  n = 13∞   
Thoracic deviations (°) 
(Thoraco-)lumbar deviations (°) 
Lumber deviations (mm) 

2.4 (2.0) 3.9 (1.6) .148 2.5 (1.8) 3.1 (1.9) .194 
1.3 (1.5) 2.9 (2.7) .230 1.5 (1.6) 2.0 (2.2) .129 
5.7 (5.8) 7.9 (7.0) .704 6.1 (5.7) 6.6 (6.2) .313 

Physical complaints* (%)       
1987 n = 18 n = 10     
Presence of back pain† (%) 11.1 20.0 .601 NA NA  
2011 n = 10 n = 7     
Pain during last week (BPI) (%) 
DASH-score 

30.0 28.6 1.000 NA NA  
9.8 (12.8) 5.4 (8.6) .804 NA NA  

 
Abbreviations: BPI: Brief Pain Inventory; NA: not applicable. 
Unless mentioned otherwise, results are described as ‘mean (SD)’. P-values ≤.05 highlighted in bold.  
* Full-time use = prosthesis use at least 8 hours a day, 7 days a week. Non-full-time use = prosthesis use to a maximum of 4-8 hours a day, 5-7 days a week. Prosthesis not 
fitted during measurements; † Assessed with the study-specific questionnaire; ∞ Three subjects did not have a prosthesis at time of measurements.
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Discussion 

 
In this study we have shown that in patients with ULRD, not only the forearm but also 

the upper arm and trunk are significantly affected by the reduction deficiency. Our study 
revealed further that spinal deviations were significantly greater in patients compared to 
matched controls, both in adolescence and in adulthood, though the deviations did not 
proceed to clinically relevant scoliosis over time. As expected, individuals with ULRD 
report significantly higher overall disability in the arm, shoulder and hand than their able-
bodied peers, with a significant difference in performance of sports and music. 

Anomalies in arm and trunk on the deficient side in people with unilateral ULRD have 
not been described earlier. These anomalies may be the result of  under-use  of  the  
deficient  side and over-use of the corresponding side or another consequence of the insult 
causing the deficiency in the first place, such as a vascular incident,57 thus affecting the 
growth of  these structures. This is something that needs further research. Irrespective of the 
cause, the difference in size and ROM may have different impact on the child’s future 
physical health. The results indicate that the side-difference influences the spinal deviations 
but not with any clinical relevance. In clinical practice, the hyperextension of the elbow is 
well known by prosthetists from making customized prostheses and probably has a limited 
future impact. The limited external rotation in the shoulder has been seen in upper-arm 
clinics but the presence also in below-elbow deficiencies was new to us. It is well known 
that a visible dysfunction such as ULRD may cause ‘microstressors’58 and lead to 
withdrawn behavior.59,60 The limited ROM in the shoulder may be a consequence of 
avoiding drawing attention to the arm by keeping it still, closely attached to the side of the 
body. It may also be the result of using the stump only to hold objects in the arm-pit or 
against a vertical surface. The future consequence of this limited ROM is not known, but 
the findings may be of clinical importance in the rehabilitation of individuals with unilateral 
ULRD, as it might show the need for stretching exercises and preventive measures. Further 
studies and with older people are warranted. 

The new findings from this study showing that there is a structural within-person 
difference between body halves may explain the present findings but also earlier reports of 
spinal deviations in this group. The moiré topography findings in 1987 indicating that 
patients with ULRD have a higher susceptibility for deviations of the spine may in fact 
demonstrate structural anomalies around the scapula rather than rotations in the spine. As 
such, these deviations did not proceed to clinically relevant scoliosis over time, as shown 
by scoliometry findings in 2011. Our findings are in agreement with the results of 
Samuelsson,15 who by using X-rays concluded that patients with ULRD frequently have 
mild spinal deviations, but of no clinical importance. The spinal deviations seem to be of 
functional origin and are probably due to postural imbalance due to the asymmetries in 
arms and trunk. As such, the spinal deviations in ULRD are different from adolescent 
idiopathic scoliosis. In ULRD, the deviations shown by scoliometry can instead be a result 



 

of the within-person difference in truncal circumference. This needs to be studied further. 
Currently, the spine of a child with ULRD is frequently examined for scoliosis during 
clinical visits but, according to our findings, this seems unnecessary. 

Physical complaints were mostly present in the neck and shoulder and less so in the 
non-deficient arm, which is in concordance with the results found by Datta.5 The rates of 
physical complaints found in this study were remarkably low (29%) compared to other 
studies, where physical complaints are reported in 40–55% of the cases.4,5,35 However, 
these studies all examined patients with upper limb amputations, exclusively or in 
combination with patients with ULRD. Individuals with ULRD differ from those with 
upper limb amputations, because they have no sense of loss and will automatically develop 
compensatory skills for executing the necessary bimanual tasks.61 Amputees lack these 
naturally developed compensatory skills; they are used to executing tasks with two hands 
and they may also have phantom or stump pain prohibiting them from using their stump for 
execution of tasks.4 This might be a reason for the difference in physical complaint rates. In 
contrast, people with ULRD have more years of one-handedness, compared to amputees. 
As such, more physical complaints in patients with ULRD might be expected. A 
challenging issue for further research is to answer the question of why there seems to be a 
difference between physical complaints in patients with ULRD and those with upper limb 
amputations. Another reason for the difference in physical complaints may be that all our 
patients have been wearing and using prostheses in various degrees since childhood. This 
may have had an influence on the development of their body structures, thus influencing the 
presence of physical complaints. This may also explain why there were no differences due 
to prosthesis use. Further research is needed with patients with ULRD who have never used 
a prosthesis, to study the development of body structures under that condition. Furthermore, 
the patients in our study are relatively young compared to the other studies. In an older 
sample of patients with ULRD, greater rates of physical complaints may be expected.62 
Finally, all patients in our study have a below-elbow deficiency, while other studies 
reported on proximal upper limb amputations5 or both proximal and distal upper limb 
amputations.4,35 The more proximal the amputation, the more likely the person is to suffer 
problems in the non- affected arm.4 

Individuals with ULRD may choose their work based on their abilities, which may 
explain why there is no significant difference between the patients’ and controls’ scores in 
the DASH work module. Despite their short arm, some of the patients chose bimanual 
hobbies, such as playing golf and piano, which affected their score on the sports/music 
module, because  they felt they could not perform as well as they wished. 

The strength of this study is the long follow-up period of 24 years, which allowed us 
to present results about patients in their teenage years and as adults. Such a follow-up study 
has not been presented yet in the international literature. A limitation of the study was the 
fact that the measurement instrument to assess spinal deviations used in 1987 was 
unavailable in 2011. As such we were unable to reveal differences in spinal structures over 
time. The small number of patients in 2011, which decreased the power to detect 
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statistically significant differences, is also a limitation. The number of part-time users and 
non prosthesis users was small and, thus, it was not possible to make a more precise 
evaluation of the effects of prosthesis use on body structures and physical complaints. 
Besides, all patients had been fitted with a prosthesis in their early youth and both full-time 
wearers and non-full-time wearers varied over time. This means that the influence of 
prosthesis use on the development of body structures and physical complaints may be 
evenly distributed within the sample, thus affecting the results on influence of prosthesis 
use. Further studies with more clear differences between the samples and control for other 
factors that may cause physical complaints in this population are needed to study this. 
 

 

Conclusion 
 
People with unilateral ULRD below the elbow also have structural anomalies of the 

upper arm, scapula, thoracic circumference and elbow joint on the deficient side. 
Significant spinal deviations were also found. However, deterioration of the deviations of 
the spine, probably of functional origin, to clinically relevant scoliosis over time is unlikely. 
Therefore, regular scoliosis checks for children with ULRD do not seem to be necessary. 
Further studies are needed on the effect of prosthesis use on the development of body 
structures and physical complaints in this population. 
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Abstract 
 
Objectives (1) To determine the prevalence of musculoskeletal complaints (MSCs) in 
individuals with upper limb absence in The Netherlands, (2) to assess the health status of 
individuals with upper limb absence in general and in relation to the presence of MSCs, and 
(3) to explore the predictors of development of MSCs and MSC-related disability in this 
population. 

Design Cross-sectional study: national survey. 

Setting Twelve rehabilitation centers and orthopedic workshops. 

Participants Individuals (n=263; mean age, 50.7±16.7y; 60% men) ≥18 years old, with 
transverse upper limb reduction deficiency (42%) or amputation (58%) at or proximal to the 
carpal level (response, 45%) and 108 individuals without upper limb reduction deficiency 
or amputation (n=108; mean age, 50.6±15.7y; 65% men) (n=371). 

Intervention Not applicable. 

Main outcome measures Point and year prevalence of MSCs, MSC-related disability 
(Pain Disability Index), and general health perception and mental health (RAND-36 
subscales). 

Results Point and year prevalence of MSCs were almost twice as high in individuals with 
upper limb absence (57% and 65%, respectively) compared with individuals without upper 
limb absence (27% and 34%, respectively) and were most often located in the nonaffected 
limb and upper back/neck. MSCs were associated with decreased general health perception 
and mental health and higher perceived upper extremity work demands. Prosthesis use was 
not related to presence of MSCs. Clinically relevant predictors of MSCs were middle age, 
being divorced/widowed, and lower mental health. Individuals with upper limb absence 
experienced more MSC-related disability than individuals without upper limb absence. 
Higher age, more pain, lower general and mental health, and not using a prosthesis were 
related to higher disability. 

Conclusions Presence of MSCs is a frequent problem in individuals with upper limb 
absence and is associated with decreased general and mental health. Mental health and 
physical work demands should be taken into account when assessing such a patient. 
Clinicians should note that MSC-related disability increases with age. 

  



 

Introduction 
 

Musculoskeletal complaints (MSCs) are a common problem in individuals  with  
upper  limb  absence  because  of  congenital reduction  deficiency  or  acquired  
amputation.4–9 Prevalence of MSCs varies between the affected limb, nonaffected limb, 
back, or neck and ranges between 23% (in the nonaffected hand)5and 64% (in the back).6 
MSC is an umbrella term for disorders that develop because of repetitive movements, 
awkward postures, and force.32,33 A multidisciplinary consensus defined complaints of the 
arms, neck, and/or shoulder as MSCs not caused by acute trauma or any systemic disease.3 
In the general population of The Netherlands, it has a 12-month prevalence of 37% among 
individuals ≥25 years of age.63 Ample  evidence  exists  about  the  relation  between 
physical   demands and MSCs32,33,64–67; additionally, sex, age, marital status, employment 
status, educational level,68and low (coworker) support64,66,69,70 may contribute to the risk of 
MSCs. Furthermore, poor self-reported physical fitness has also been linked to MSCs.71 
Presence of MSCs may have far-reaching consequences for work,72 health-related quality 
of life, and use of health care facilities and may cause limitations in daily life.68 In 
individuals with upper limb absence, higher physical demand  of  the  nonaffected  arm  and  
hand,  and  the  necessity  of compensatory  movements,  might  contribute  to  high  levels  
of MSCs. Currently, knowledge regarding consequences of MSCs in individuals with upper 
limb absence is sparse. Relations between MSCs across several anatomic locations and 
decreased general and mental health have been described in individuals with acquired 
amputation7; however, it is unknown whether these results can be generalized to individuals 
with reduction deficiency. Information regarding predictors of MSCs and MSC-related 
disability in individuals with upper limb absence is lacking; only prosthesis use has been 
studied repeatedly, but no relation with presence of MSCs was found.4,7–9 More insight as to 
predictors would help to target early prevention of MSCs in individuals with upper limb 
absence. 

We hypothesize that (1) the prevalence of MSCs in individuals with upper limb 
absence is higher compared with individuals without upper limb absence and (2) presence 
of MSCs is negatively associated with health. Furthermore, we aim to compare individuals 
with reduction deficiency and acquired amputation and explore predictors of development 
of MSCs and MSC-related disability in this population. 
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Methods 
 
Participants and procedure 

Between January and April 2013, 12 Dutch rehabilitation centers and orthopedic 
workshops sent a postal survey to eligible participants: adults (≥18y) with unilateral upper 
limb absence (transverse reduction deficiency or acquired amputation) at or proximal to the 
carpal level. Amputations should have been performed at least 1 year previously (to ensure 
the patient is stable). Moreover, participants with insufficient understanding of the written 
Dutch language were excluded. The returned surveys were checked for duplicates. 

A sample of individuals without upper limb absence, consisting of acquaintances of 
the researchers, answered the same survey, minus the upper limb absence-related questions, 
between June and August 2013. To create a similar age and sex distribution between 
groups, recruitment was based on these characteristics. 

This study was approved by the local medical ethical committee (M12.128984). 
Participants signed an informed consent form before answering the survey and received an 
incentive of €10 when returning the survey. 

 
Survey 

A survey was compiled by the researchers and assessed and pilot tested by field 
experts, fellow researchers, and a patient with a longitudinal upper limb reduction 
deficiency. The survey consisted of 104 questions of which 46 to 88 questions were used 
for this article, depending on prosthesis use, presence of MSCs, and employment status. 
The main outcome measures were presence of MSCs and disability. Presence of MSCs was 
assessed using the question: “Did you have regular complaints of the muscles, tendons, 
and/or bones during the last 4 weeks, which were not caused by an accident, sports injury, 
infection, or joint disease?”, and a similar question concerning complaints during the last 
year, lasting for a minimum of 4 consecutive weeks. Location and type of complaint (pain, 
stiffness, muscle weakness, and tingling) were identified. Phantom and residual limb pain 
were identified as separate locations of complaints and were therefore not considered to be 
an MSC. Furthermore, it was asked what they had done themselves to diminish the 
complaints and if a health care professional was consulted during the last year because of 
the complaints. If MSCs were present, disability was assessed with the Pain Disability 
Index, which is a valid and reliable questionnaire to evaluate the influence of complaints on 
the 7 components of daily life.73–75 Scores were summed and range from 0 to 70, with a 
higher score representing higher disability. 

The following variables were assessed for their relation with MSCs and disability: 
personal characteristics; characteristics of the absent limb; current prosthesis use (yes if a 
prosthesis was worn, regardless of hours of use), including type of prosthesis used; and 
employment status, including if the person was employed, work productivity, and perceived 
physical work demands. The latter was measured with the Upper Extremity Work Demands 



 

Scale,76 which consists of 7 questions about object handling and movements of the upper 
extremity during work. The items were selected from the Dutch Musculoskeletal 
Questionnaire, which has discriminative power for different worker groups and significant 
concurrent validity with MSCs of the low back and neck/shoulder.77 The Upper Extremity 
Work Demands Scale itself has not yet been validated. Each question has 4 possible 
answers, ranging from rarely or never to almost always. Answers are summed, giving a 
score ranging from 7 (lowest work demands) to 28 (highest work demands). Employment 
details and work productivity are not reported in this article. 

The subscales general health perception, mental health (each 5 items), and pain (2 
items) from the RAND-36 were included.78 The pain subscale, which enquires about the 
average pain and the bothersomeness of the pain during the last 4 weeks, was only 
answered by participants with MSC-related pain during the last 4 weeks. Individuals with 
other types of complaints (eg, stiffness) answered the same questions with regard to their 
complaint (complaint score). Outcomes were converted to a 0 to 100 scale, with a higher 
score indicating better health/less pain. Furthermore, presence of other health problems 
(comorbidity) was asked. 

Subscales active, avoidance, and support seeking (7, 8, and 6 items, respectively) of 
the Utrecht Coping List, which has sufficient internal consistency and construct validity and 
is used in the general population,79 were administered. Answers were scored on a 4-point 
Likert scale, with a score of 1 to 4, and summed for each subscale. The score ranges are 7 
to 28, 8 to 32, and 6 to 24, respectively. A higher score indicates greater presence of the 
particular coping style. 

Furthermore, if MSCs were present, individuals with upper limb absence answered 2 
statements regarding whether it is normative to have MSCs when having upper limb 
absence and if they supposed that their MSC is related to upper limb absence, on a 5-point 
Likert scale, ranging from completely agree to completely disagree. 
 
Statistical analysis 

Point and year prevalence of MSCs were calculated as the number of individuals with 
MSCs during the last 4 weeks and last year, respectively, as a percentage of all individuals. 

Categorical data were analyzed with the chi-square test of independence. Continuous 
data were analyzed with the independent t test and 1-way analysis of variance (including a 
Bonferroni correction in the post hoc analyses) or a Kruskal-Wallis test (depending on 
number of groups and homogeneity of variance checked with the Levene statistic). If a 
missing variable was detected, the case was omitted from the analysis. Moreover, 
multivariate regression was used to determine predictors of MSCs and MSC-related 
disability in individuals with upper limb absence. First, marital status, side of upper limb 
absence, level of upper limb absence (above or through elbow/ below elbow), employment 
status (yes/no), presence of comorbidity, general health perception, mental health, and 
coping styles were analyzed univariately. For analysis of MSC-related disability, the pain 
score (complaint score for participants with other types of complaints) was included. 
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Second, the following variables were entered as independent variables in multivariate 
logistic (presence of MSCs) or linear (MSC-related disability) regression analysis in 1 step: 
sex, age, age squared (because of the expected bell-shaped relation with the presence of 
MSCs), level of education, cause of upper limb absence, current pros- thesis use (yes/no), 
and all variables from step 1 with a P value <.100. In linear regression, residuals were 
checked for a normative distribution. The P values ≤.05 were considered to indicate 
statistically significant differences. Data are presented as mean±SD unless otherwise stated. 
Independent t test results are presented as P value and mean difference with 95% 
confidence interval (CI) of the difference. Statistical analysis was performed using the 
SPSS 20.0 software package. 

Furthermore, if MSCs were present, individuals with upper limb absence answered 2 
statements regarding whether it is normative to have MSCs when having upper limb 
absence and if they supposed that their MSC is related to upper limb absence, on a 5-point 
Likert scale, ranging from completely agree to completely disagree. 
 

 
 

Results 
 
The response was 45% and calculated as follows: 627 surveys were sent out, of which 6 
were returned unanswered. Furthermore, 4 duplicates (1 survey and 3 through personal 
contact with researchers) and 14 ineligible subjects (11 surveys and 3 through personal 
contact with researchers) were detected, resulting in 603 eligible surveys. Of the 270 
surveys that were returned and eligible for analysis, 263 surveys were actually included; 7 
were omitted because of insufficient answers. A total of 111 individuals were asked to 
complete the questionnaires for the individuals without upper limb absence group; of these, 
3 were omitted because the surveys were insufficiently answered. Therefore, 108 surveys 
were found to be suitable for analysis (97%). The characteristics of the participants 
(reduction deficiency: n=110; 42%; acquired amputation: n=153; 58%) are presented in 
table 1. 
  



  
 
Table 1 Characteristics of the study population.  

Characteristics RD (n=110) AA (n=153) 
RD and AA 

compared (p) 

ULA (RD and AA 
combined) 

(n=263) Controls (n=108) 

ULA and 
controls 

compared (p) 
Sex: male 45 (40.9) 111 (73.2) <.001* 157 (59.7) 70 (64.8) .412 
Age (y) 45.2±17.6 54.6±14.8 <.001* 50.7±16.7 50.6±15.7 .963 
Age categorized   <.001*   .971 
 18-30y 30 (27.3) 11 (7.2)  41 (15.6) 13 (12.0)  
 31-40y 16 (14.5) 19 (12.4)  35 (13.3) 18 (16.7)  
 41-50y 19 (17.3) 35 (22.9)  54 (20.5) 24 (22.2)  
 51-60y 23 (20.9) 33 (21.6)  56 (21.3) 23 (21.3)  
 61-70y 14 (12.7) 34 (22.2)  48 (18.3) 18 (16.7)  
 ≥71y 8 (7.3) 21 (13.7)  29 (11.0) 12 (11.1)  
Level of education   .006*   <.001* 
 None or low 32 (29.1) 73 (48.3)  105 (40.2) 14 (13.1)  
 Medium 42 (38.2) 46 (30.5)  88 (33.7) 31 (29.0)  
 High 36 (32.7) 32 (21.2)  68 (26.1) 62 (57.9)  
Marital status   .009*   .032* 
 Single 34 (30.9) 23 (15.0)  57 (21.7) 11 (10.2)  
 Living together or married 66 (60.0) 114 (74.5)  180 (68.4) 86 (79.6)  
 Divorced or widowed 10 (9.1) 16 (10.5)  26 (9.9) 11 (10.2)  
Employed 71 (64.5) 64 (41.8) <.001* 135 (51.3) 74 (68.5) .003* 
Side of ULA: right 35 (31.8) 75 (49.0) .005* 110 (41.8) N/A  
Level of ULA   <.001*    
 Above elbow† 12 (10.9) 72 (47.1)  84 (31.9) N/A  
 Transradial 82 (74.5) 46 (30.1)  128 (48.7) N/A  
 Wrist 16 (14.5) 35 (22.9)  51 (19.4) N/A  
Age at amputation (y) N/A 29.9±16.4  N/A N/A  
Time since amputation (y) N/A 25.3±19.2  N/A N/A  
Causes of amputation N/A   N/A N/A  
 Trauma  107 (69.9)     
 Cancer  22 (14.4)     
 Vascular disease  9 (5.9)     
 Other‡   15 (9.8)     
Current prosthesis use 92 (83.6) 117 (76.5) .156 209 (79.5) N/A  
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Table 1 Continued       

 

RD (n=110) AA (n=153) 
RD and AA 

compared (p) 

ULA (RD and AA 
combined) 

(n=263) Controls (n=108) 

ULA and 
controls 

compared (p) 
Type of prosthesis       
 Cosmetic 43 (47.3) 46 (39.7)  89 (43.0) N/A  
 Myoelectric 30 (33.0) 45 (38.8)  75 (36.2) N/A  
 Body powered 12 (13.2) 16 (13.8)  28 (13.5) N/A  
 Other 6 (6.6) 9 (7.8)  15 (7.2) N/A  
Presence of comorbidity 43 (39.1) 57 (37.3) .797 100 (38.0) 21 (19.4) .001* 
 
NOTE. Values are n(%), mean±SD, or as otherwise indicated. Because of missing data, not all values add up to the group totals. Missing values never exceeded the level of 
2% for any variable, with exception of the age at amputation (5 missing values). Controls are individuals without upper limb absence. 
Abbreviations: AA: acquired amputation; N/A: not applicable; RD: reduction deficiency; ULA: upper limb absence. 
*Statistically significant at p≤.05; † Amputation at the level of the shoulder, with or without amputation of the scapula and clavicle, transhumeral, or through elbow; ‡ 
Most common other causes of amputations were amputation after complex regional pain syndrome type 1 (n=4), brachial plexus injury/paralysis (n=3), or infection (n=3).



 

 
 

 
 

 
 

 
 

 
 

Prevalence and characteristics of the MSCs  
Point and year prevalence of MSCs were both approximately twice as high in 

individuals with upper limb absence than individuals without upper limb absence (table 2). 
Furthermore, point prevalence differed significantly between the ages of 31 to 60 years 
(figure 1) and did not differ between individuals with reduction deficiency (n=59; 54%) and 
acquired amputation (n=90; 59%; ɸ=.052; chi-square: p=.402) and between current 
prosthesis users (n=113; 54%) and nonusers (n=36; 67%; ɸ=-.103; chi-square: p=.096). In 
individuals with acquired amputation, point prevalence of MSCs did not differ between 
participants with an amputation of the dominant hand (n=47; 65%) and those with an 
amputation of the nondominant hand (n=42; 55%; ɸ=.109; chi-square: p=.182). Finally, 
time since amputation was unrelated to presence of MSCs (t test: P=.202; mean difference, 
4.3; 95% CI, -2.3 to 10.9). 

MSCs were most commonly located in the unaffected limb and were often chronic 
(lasting at least 3mo) (table 2). Many individuals (68% of those with MSCs during the last 
year) experienced >1 type of complaint. Pain scores did not differ between individuals with 
reduction deficiency (n=54; mean   score, 55.8±17.6) and acquired amputation (n=72; mean 
score, 51.8±18.9; t test: p=.232; mean difference, 4; 95% CI, -2.6 to 10.5) or prosthesis 
users (n=95; mean score, 55.2±17.3) and nonusers (n=31; mean score, 48.4±20.9; t test: 
p=.074; mean difference, -6.8; 95% CI, -14.3 to 0.7). 
 
MSCs and health status 

Many individuals with upper limb absence consulted a health care professional for 
their MSCs (see table 2).  Individuals with reduction deficiency (n=109, 73.3±21.9) and 
acquired amputation (n=152, 68.0±22.2) did not differ regarding general health perception 
(t test: p=.057; mean difference, 5.3; 95% CI, -0.2 to 10.8) and mental health (n=110, 
76.2±15.9 and n=153, 74.0±18.5, respectively; t test: p=.325; mean difference, 2.2; 95% CI, 
-2.1 to 6.5). General health perception and mental health were lower in individuals with 
upper limb absence who experienced MSCs compared with those without MSCs and 
individuals without upper limb absence (table 3). When having MSCs, individuals with 
acquired amputation (n=90, 26.3±16.9) experienced more disability than individuals with 
reduction deficiency (n=59, 19.8±13.9; t test: p=.016; mean difference, -6.5; 95% CI, -11.7 
to -1.2). Individuals with upper limb absence experienced the most disability in the domains 
of family and household, recreation, and work (all median scores of 4; interquartile ranges, 
2-7). 

Of the individuals with upper limb absence who experienced MSCs during the last 4 
weeks, 74 (50%) completely or strongly agreed that having complaints is normative when 
having upper limb absence (2 missing values). Furthermore, 134 (91%) completely or 
strongly agreed that their complaints are partly or completely caused by upper limb absence 
(2 missing values). 
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Predictors of MSCs and MSC-related disability 
Multivariate logistic regression analysis identified the following variables as 

predictors of MSCs in individuals with upper limb absence: age squared, being 
divorced/widowed, absence of the right limb, and lower mental health (table 4). Predictors 
of higher disability in individuals with upper limb absence who experienced MSCs were 
higher age, low pain score (indicating more pain), lower general and mental health, and no 
prosthesis use (table 5). The explained variance of the final model was 51%. 
 
 
 
Figure 1 Presence of MSCs during the last four weeks in individuals with reduction 
deficiency (RD), acquired amputation (AA), and individuals without upper limb 
absence (controls) for different age categories (whiskers represent the standard 
error of the mean). 
 
Chi-square analyses identified significant differences in point prevalence of MSCs between individuals with upper 

limb absence and controls for the age categories 31 to 40 years (F=-.305, p=.026), 41 to 50 years (F=-.506, 
p=.001), and 51 to 60 years (F=-.227, p=.044). No statistical significance was found for the other age categories. 



  
 

 

Table 2 Characteristics of MSC in individuals with ULA and controls.  

Characteristics ULA (n=263) Controls (n=108) P Effect size 
Point prevalence MSCs total 149 (56.7) 29 (26.9) <.001* -.271 
Year prevalence MSCs total 171 (65.0) 37 (34.3) <.001* -.282 
 High back and/or neck 112 (42.6) 21 (19.4) <.001* -.219 
 Low back 71 (27.0) 9 (8.3) <.001* -.206 
 Affected limb/nondominant limb† 54 (20.5) 11 (10.2) .019* -.122 
 Nonaffected limb/dominant limb† 121 (46.0) 18 (16.8) <.001* -.273 
  Shoulder 87 (33.1) 11 (10.3)   
  Upper arm 41 (15.6) 1 (0.9)   
  Elbow 38 (14.4) 6 (5.6)   
  Forearm 31 (11.8) 2 (1.9)   
  Wrist 43 (16.3) 2 (1.9)   
  Hand 62 (23.6) 3 (2.8)   
  Thumb  25 (9.5) 1 (0.9)   
No. of sites of complaints, mean±SD 3.4±2.1 

(IQR: 2.0; 4.0) 
1.9±1.1 

(IQR: 1.0; 2.8) 
<.001* 1.5 (1.0; 2.0) 

Type of complaints     
 Pain 144 (84.7) 31 (83.8) .888 -.010 
 Stiffness 73 (42.9) 21 (56.8) .126 -.106 
 Muscle weakness 69 (40.6) 6 (16.2) .005* -.194 
 Tingling 64 (37.6) 5 (13.5) .005* -.196 
Duration of MSCs   <.001* .282 
 ≤3mo 25 (14.6) 13 (35.1)   
 >3mo but <1y 22 (12.9) 10 (27.0)   
 ≥1y 124 (72.5) 14 (37.8)   
Pain score (RAND-36),‡ mean±SD  53.5±18.4 68.6±10.6 <.001* -15.1 (-23.3; -6.9) 
Health care use§ 107 (62.6) 10 (27.0) <.001*  
     
 

 

 

 

   

 

 
  

M
usculoskeletal com

plaints: prevalence, predictors, and effect on health | 43 



  
 

 
  44 | Chapter 3 

Table 2 Continued 

Characteristics ULA (n=263) Controls (n=108) P Effect size 
Measures to diminish complaints|| 154 (90.1)    
 Pay better attention to physical posture 90 (52.6)    
 Refrain from certain movements or actions 61 (35.7)    
 Use pain medication 51 (29.8)    
 Worked less 25 (14.6)    
 Used my prosthesis more 13 (7.6)    
 Used my prosthesis less 18 (10.5)    
 
NOTE. Values are n (%) or as otherwise indicated. Because of missing data, not all values add up to the group totals. Missing values never exceeded the level of 1% for any 
variable. Effect sizes are presented as F, with the exception of the effect size of Duration of MSCs, which is given as Cramér’s V. For continuous variables, the mean 
difference and 95% CI of the difference is provided. Controls are individuals without upper limb absence. 
Abbreviations: IQR: interquartile range; ULA: upper limb absence. 
* Statistically significant at P≤.05; † The affected side of the individuals with ULA was compared with the nondominant side of the controls, and the nonaffected side of 
individual with ULA was compared with the dominant side of the controls; ‡ This score was calculated for individuals with MSCs during the last 4 weeks, with the type of 
complaint being pain (ULA: nZ126, controls: nZ21); § Number and percentage of individuals with ULA and controls that had consulted a health care professional in the last 
year because of their MSCs; || Number and percentage of individuals with MSCs that had taken measures during the last year to diminish the complaints. 
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Table 3 Health, physical work demands, and coping styles in individuals with ULA with and without MSCs during the last 4  
weeks and controls.  

Variable 

ULA 
without 

MSC 
(n=114) 

ULA with 
MSC 

(n=149) 
Controls 
(n=108) Fdfm,dfr

 p Effect size† 

Post hoc 
comparison 

between 
ULA without 

and with 
MSC 

Post hoc 
comparison 

between 
ULA without 

MSC and 
controls 

Post hoc 
comparison 

between 
ULA with 
MSC and 
controls 

General health perception (RAND-36) 74.9±20.9 66.5±22.5 74.7±18.4  .001*  .003* 1.000 .011* 
Mental health (RAND-36) 79.4±14.8 71.5±18.6 80.6±12.4  <.001*  .001* 1.000 <.001* 
Disability (PDI) N/A 23.7±16.1 11.4±9.0   12.2 (8.0; 16.5)   <.001* 
Physical work demands (UEWD)‡ 15.9±4.8 13.7±4.8 12.4±4.3 11.7642,205 <.001* .221 .013* .287 <.001* 
Coping styles (UCL)          
 Active 20.3±4.3 19.7±3.9 20.5±3.4 1.5642,368 .211 .008    
 Avoidance 15.6±3.2 15.7±3.7 15.7±3.5 0.0632,368 .939 .000    
 Support seeking  12.1±3.4 12.1±3.4 13.5±3.3 6.6672,368 .001* .035 1.000 .006* .003* 

 
NOTE. Missing values never exceeded the level of 1% for any variable. General health perception and mental health had a significant Levene’s statistic; therefore, a 
Kruskal-Wallis test with pairwise comparison was performed and the effect size was not calculated. Disability was assessed for individuals with MSCs during the last 4 
weeks with a t test. For the variables assessed with 1-way analysis of variance, the F values are given, including the dfm and the dfr. Because sample sizes were slightly 
different, Gabriel procedure was performed for post hoc analyses. Controls are individuals without upper limb absence. 
Abbreviations: dfm: degrees of freedom for the effect of the model; dfr: degrees of freedom for the residuals of the model; N/A: not applicable; PDI: Pain Disability Index; 
UCL: Utrecht Coping List; UEWD: Upper Extremity Work Demands Scale; ULA: upper limb absence. 
* Statistically significant at P≤.05; † The mean difference (95% CI of the mean difference) is listed or provided as η2; ‡ This is only calculated for employed individuals 
between the age of 18 and 65 (official retirement age in The Netherlands) (ULA without MSCs: n=58, ULA with MSCs: n=84, controls: n=67). 
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Table 4 Logistic regression of current presence of MSCs in individuals with ULA 
(n=259).  

Predictors B SE p OR[Exp(B)] 95% CI for OR[Exp(B)]  R2 
Demographic predictors      .108 
Sex -.042 .300 .888 .959 .532; 1.728  
Age .086 .051 .092 1.090 .986; 1.205  
Age squared -.001 .000 .041* .999 .998; 1.000  
Marital status   .041*    
 Living together or married .714 .386 .064 2.043 .959; 4.352  
 Divorced or widowed 1.505 .616 .015* 4.505 1.347; 15.075  
Level of education    .108    
 Medium  -.663 .343 .054 .516 .263; 1.010  
 High  -.606 .363 .095 .546 .268; 1.111  
ULA-related predictors      .160 
Cause of ULA -.243 .330 .461 .784 .410; 1.498  
Current prosthesis use -.666 .373 .074 .514 .247; 1.067  
Side of ULA -.729 .288 .011* .482 .275; .848  
Remaining predictors      .205 
Presence of comorbidity .130 .350 .710 1.139 .573; 2.265  
General health perception (RAND-36) -.008 .008 .302 .992 .976; 1.007  
Mental health (RAND-36) -.020 .010 .042* .981 .962; .999  
Constant†  1.656 1.441 .250 5.240   
 
Abbreviations: B: regression coefficient; OR: odds ratio; R2: Nagelkerke R2; ULA: upper limb absence. 
* Statistically significant at P≤.05; † Constant for MSCs during the last 4 weeks is an individual with the following 
features: female sex, marital status single, educational level none or low, the cause of ULA is reduction 
deficiency, not using a prosthesis, a ULA on the right side, no comorbidity (all coded as 0), a hypothetical age of 
0, and a general health perception and mental health score of 0. 



 
 

 

Table 5 Linear regression of MSC-related disability in individuals with ULA (n=145).  

Predictors B SE p 95% CI for OR[Exp(B)]  R2 
Demographic predictors     .078 
Sex -.988 2.232 .659 -5.405; 3.430  
Age .962 .398 .017* .175; 1.748  
Age squared -.009 .004 .021* -.017; -.001  
Level of education       
 Medium  -.098 2.588 .970 -5.218; 5.023  
 High  -1.881 2.638 .477 -7.100; 3.339  
ULA-related predictors     .105 
Cause of ULA 2.879 2.493 .250 -2.053; 7.811  
Current prosthesis use -5.395 2.613 .041* -10.566; -.224  
Level of ULA 1.877 2.377 .431 -2.826; 6.580  
Remaining predictors     .330 
Coping strategy avoidance (UCL) .467 .300 .122 -.127; 1.060  
Presence of comorbidity 1.859 2.613 .478 -3.311; 7.030  
General health perception (RAND-36) -.124 .062 .048* -.246; -.001  
Mental health (RAND-36) -.160 .069 .022* -.295; -.024  
Pain score (complaint score) (RAND-36) -.285 .064 <.001* -.411; -.159  
Employed -2.445 2.840 .391 -8.065; 3.175  
Constant†  32.056 13.078 .016* 6.179; 57.934  
 
NOTE. R2 of the total model was .513. MSC-related disability was analyzed for individuals with MSCs during the 
last 4 weeks only. Outcome variable Pain Disability Index showed good fit of residuals. 
Abbreviations: B: regression coefficient; R2: Nagelkerke R2; UCL: Utrecht Coping List; ULA: upper limb absence. 
* Statistically significant at P≤.05. † Constant for MSC-related disability is the mean value of an individual with 
MSCs with female sex, none or low level of education, a ULA caused by reduction deficiency, not using a 
prosthesis, a deficiency at or above the level of the elbow, no comorbidity, no employment (all coded as 0), a 
hypothetical age of 0, and an avoidance coping strategy, general health perception, mental health, and pain 
score of 0. 
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Discussion 
 

The point and year prevalence of MSCs in individuals with upper limb absence were 
twice as high compared with the individuals without upper limb absence and the general 
Dutch population.63 A similar prevalence of MSC in individuals with upper limb absence 
has been described previously, but mostly in smaller study populations or only in 
individuals with acquiredamputation.5–8,35 One study found a  similar  rate  of  chronic pain 
in individuals with reduction deficiency,9 whereas another smaller study found a lower 
prevalence of physical complaints.80 Our prevalence of MSCs in the nonaffected arm fits 
well within the range of prevalence found in earlier studies.4–7Because of uncertainty 
regarding inclusion of residual limb and phantom limb pain, MSCs in the affected limb are 
difficult to compare between studies. The prevalence of neck (and/or high back) and low 
back pain in individuals with upper limb absence is high compared with our individuals 
without upper limb absence group, but  relatively  low  in  comparison with earlier studies 
(40%-62%, depending on anatomic location).5–8 Only one study reported a lower 
prevalence for neck pain (29%).10 

Our study, which is the first, to our knowledge, to reveal MSC findings in individuals 
with reduction deficiency and acquired amputation, did not discover a difference in point 
prevalence of MSCs, despite differences in several personal and upper limb absence-related 
variables (eg, age, sex, level of education, employment status, deficiency level). However, 
not all of these variables were significant predictors for MSCs in the statistical model. 
Evidently, both groups are prone to MSCs. Likely, the explanation of MSCs is 
multifactorial and includes factors not investigated in the current study (eg, compensatory 
movements caused by 1-handedness). Although compensatory movements are often 
mentioned as a risk factor for MSCs, scientific evidence is lacking. 
 
Relation with health 

Increased pain intensity and disability compared with individuals without upper limb 
absence, the often chronic character of the complaints, and a high number of individuals 
who consulted a health care professional suggest that MSCs are a significant problem in 
this population. In addition, underestimation of the real clinical problem seems likely 
because half of the individuals stated that they regarded their MSCs to be a normative 
feature of upper limb absence. Clinicians and future research should focus on prevention of 
MSCs. If MSCs are present, general and mental health are perceived to be lower, which is 
in line with previous research among individuals with acquired amputation.7 Because of the 
study design, it is uncertain whether poor mental health is a cause or a result of MSCs and 
increased disability. Furthermore, the clinical relevance of decreased health cannot be 
ascertained. Nevertheless, we recommend clinicians focus on mental health as part of 
prevention and treatment of MSCs and MSC-related disability. 
 



 
 

 

Predictors of MSCs and MSC-related disability 
Regression analyses identified several factors, other than health, that should be 

considered when assessing an individual with upper limb absence. Older individuals should 
be monitored closely because middle-aged individuals have the highest risk for MSCs, and 
older age is related to increased disability. The latter relation has also been described in the 
general population with MSCs.68,71 The relation between being divorced/widowed and 
presence of MSCs has also been described in the general population.68 This connection may 
be age-related or caused by increased physical demands (eg, performance of household 
tasks without the partner’s help). Interestingly, this relation was not significant in a 
previous study among individuals with acquired amputation.1 Although low (coworker) 
support is related to MSCs,64,66,69,70 we found no relation between MSCs and coping styles. 
However, (not) receiving support and possessing a support-seeking coping style are 
possibly not interchangeable. 

The items of the Upper Extremity Work Demands Scale include twisting and bending 
of the wrist, arm elevations, and repetitive or forceful exertions; these are known predictors 
ofMSCs.65,66 Presence of MSCs was related to higher Upper Extremity Work Demands 
Scale scores, supporting the hypothesis that individuals with upper limb absence are at 
increased risk for MSCs because of the increased physical demands. However, pain might 
cause awareness of certain movements, therefore increasing Upper Extremity Work 
Demands Scale scores. Future research should clarify the relation between pain, perceived 
physical demands, including compensatory movements, and MSCs. 

With a stiff wrist, which most prostheses have, compensatory movements are 
predominantly made with the trunk and shoulder,1,2 which are the locations with many 
complaints. Currently, prosthesis use does not seem to prevent MSCs,4,7–9 probably because 
of limited function and degrees of freedom. However, logistic regression revealed 
prosthesis use as a predictor of less disability. It could be that prosthesis use limits feelings 
of disablement or that increased disability does not allow prosthesis use; however, true 
reasons cannot be ascertained. More research about detailed features of prosthesis use and 
MSCs could help to explain how disability relates to prosthesis use and indicate which 
developments in prosthetic components might be beneficial. 

 
Study limitations 

The response to our survey is comparable with other studies.7,9 As a result of privacy 
regulations, it was not possible to examine details of nonresponders. Therefore, 
nonresponse bias cannot be ruled out, and characteristics of the study population might not 
reflect the true population. However, although differences in personal characteristics 
between individuals with upper limb absence and individuals without upper limb absence 
were found, the year prevalence of MSCs in the individuals without upper limb absence 
group was similar to the year prevalence of MSCs in the general population of 
TheNetherlands.63 
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Furthermore, because of the same privacy regulations, some individuals might have 
received the survey twice, which may have influenced the response. However, the 
rehabilitation centers and orthopedic workshops covered different parts of The Netherlands; 
therefore, we do not expect that this occurred often. Because several orthopedic workshops 
disseminated the survey, the rate of prosthesis use might not reflect the true rate of 
prosthesis used in The Netherlands. Because of the relatively large number of statistical 
analyses, a type I error might have occurred; therefore, careful interpretation of the results 
is necessary. 

 
  

Conclusions 
 

Almost two-thirds of all individuals with upper limb absence who responded to the 
survey had MSCs, lasting for a minimum of 4 consecutive weeks in the last year, which 
was twice as much compared with individuals without upper limb absence. This supports 
our hypothesis that the point and year prevalence of MSCs are higher in individuals with 
upper limb absence than in individuals without upper limb absence. MSCs were most often 
located in the nonaffected limb and upper back/neck. Presence of MSCs was associated 
with higher perceived physical work demands and lower general and mental health. 
Clinically relevant predictors of presence of MSCs were middle age, being 
divorced/widowed, and lower mental health. Prosthesis use was not associated with 
presence of MSCs. Finally, older age, lower general and mental health, and more pain were 
related to higher disability. 
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Abstract 
 
Objectives To analyze work participation, work productivity, contributing factors, and 
physical work demands of individuals with upper limb absence (ULA). 

Design Cross-sectional study: postal survey (response rate, 45%). 

Setting Twelve rehabilitation centers and orthopedic workshops. 

Participants Individuals (n=207) with unilateral transverse upper limb reduction 
deficiency (RD) or acquired amputation (AA), at or proximal to the carpal level, between the 
ages of 18 and 65 years, and a convenience sample of control subjects (n=90) matched on 
age and sex. 

Intervention Not applicable. 

Main outcome measures Employment status, self-reported work productivity 
measured with the Quality-Quantity method, and self-reported upper extremity work 
demands measured with the Upper Extremity Work Demands scale. 

Results Seventy-four percent of the individuals with RD and 57% of the individuals with 
AA were employed (vs 82% of the control group and 66% of the general population). Male 
sex, younger age, a medium or higher level of education, prosthesis use, and good general 
health were predictors of work participation. Work productivity was similar to that of the 
control group. Higher work productivity was inversely related to musculoskeletal 
complaint-related pain. When having predominantly mentally demanding work, individuals 
with ULA perceived higher upper extremity work demands compared with controls. 

Conclusions Work participation of individuals with RD was slightly higher compared 
with that of the general population, whereas employment rates of individuals with AA were 
slightly lower. Furthermore, work productivity did not differ between individuals with RD, 
AA, and controls. 

 



 

 

Introduction 
 
Individuals with an upper limb reduction deficiency (RD) are born with a deficient 

limb.  Similarly, acquired amputations (Aas) of the upper limb often occur at a young 
age.5,8,22 Therefore, the population with upper limb absence (ULA) is relatively young, 
which means that they usually have many working years ahead of them. 

“Work,” defined as engaging in all aspects of work for payment, including self-
employment, part-time and full-time employment11 (hereafter “employment”), is generally 
beneficial for the individual because it provides economic security, social contacts, a sense 
of accomplishment, and self-esteem.17,18 Returning to work is therefore often a goal of 
rehabilitation. However, only one half to three quarters of people return to work after 
amputation of an upper limb.5,20,21 Decreased rates of employment have been related to 
female sex, older age, and residual limb pain.81 Individuals born with RD seem to have 
fewer problems gaining employment compared with individuals with AA, as a Swedish 
study82 showed similar rates of employment for individuals with RD and for the general 
population. 

Individuals with ULA may face challenges in performing work tasks adequately with 
only 1 fully functional hand, and consequently, work adjustments are occasionally 
necessary.21 In rehabilitation care, it is therefore important to assess not only work 
participation (eg, having employment) but also the quality and quantity of performed work, 
as these could be diminished by ULA. The combination of quality and quantity of 
performed work determines work productivity. Health problems may decrease work 
productivity because of absence (absenteeism) or because of decreased quality and quantity 
of the performed work while present (presenteeism).24 To our knowledge, only 1 study82 
has examined work performance of 1-handed individuals. In that study, one fourth of the 
employed individuals with RD mentioned decreased work capacity in general; yet, none 
mentioned reduced work ability in relation to their current work tasks. Musculoskeletal 
complaints (MSCs) seem to be a frequent problem in individuals with ULA,4–7 and have 
been found to reduce work productivity in the general population.24,83 However, knowledge 
of other factors that could influence work productivity in individuals with ULA is currently 
lacking. In order to increase the chance of returning to work and helping these individuals 
to perform at their best, more information is required about facilitating and limiting factors 
for work participation and productivity of individuals with ULA. 

Therefore, this study aims to examine (1) employment rates of individuals with RD 
and AA in the Netherlands and compare them with the employment rate of a control group; 
(2) associations of individual characteristics, characteristics of the absent limb, prosthesis 
use, and health (including MSCs) with work participation; (3) associations of these 
characteristics with work productivity; and (4) relationships between type of work, physical 
work demands, and work productivity in this population. 
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Methods 
 

Participants and procedure 
A survey on MSCs and work among individuals with ULA was conducted. Because of 

the amount of data, it was decided to present the data in 2 articles. The work-related 
outcome measures are described in this article, and therefore only analyses of individuals 
aged between 18 and 65 years (official retirement age in the Netherlands) are presented. 
The outcome measures regarding MSCs and MSC-related disability are not presented here. 

By using the databases of 12 rehabilitation centers and orthopedic workshops in the 
Netherlands, the survey was sent to adults (≥18y of age) with ULA (RD or AA) between 
January and April 2013. Eligibility criteria were having a deficient limb due to unilateral 
transverse ULA at or proximal to the carpal level (minimally 1y since amputation) and 
having a sufficient under- standing of the written Dutch language. 

The same survey, minus questions related to the ULA and prosthesis use, was sent to a 
control sample. The researchers recruited controls from among their family and 
acquaintances. This recruitment was based on age and sex in order to have a similar 
distribution between the groups. 

The study was approved by the local medical ethical committee (M12.128984) of the 
University Medical Center Groningen. In addition, individuals were asked to sign an 
informed consent form before completing the survey, and all participants received a gift 
voucher (€10). The returned surveys were checked for duplicates. 

 
Survey 

Participants were asked about personal characteristics, the absent upper limb, current 
prosthetic use (eg, wearing a prosthesis) and, if so, which type of prosthesis they used. To 
assess work participation, participants were asked whether they had paid work. If they did 
have paid work, questions concerning what type of work, weekly working hours, and sick 
leave during the last 4 weeks were asked. Based on the Work Ability Index work content 
groups,84 researchers (SGP, CKvdS) divided the type of work into the following 3 groups: 
(1) predominantly physically demanding (eg, construction workers, janitors, cleaners); (2) 
predominantly mentally demanding (eg, teachers, administrative workers); and (3) both 
mentally and physically demanding (eg, machine operators, nurses). 

Work productivity was assessed by using the Quality-Quantity method, which was 
developed to measure the consequences of illness while at work, and inquires about work 
quantity and quality related to the participant’s usual performance on a 0-to-10 scale (10, 
normal performance)85 during the last 4 weeks. Construct validity ranged from moderate to 
very strong for different measurements of production output.86 The score is calculated as 
follows: (Quantity rating/10) x (Quality rating/10) x 100%. 

Work demands were assessed by the 7-item self-report measure Upper Extremity 
Work Demands (UEWD) scale,76 which measures the perceived physical demands of the 



 

 

upper extremity during work. The UEWD items were selected from the Dutch 
Musculoskeletal Questionnaire, which has fair psychometric properties.87 However, the 
UEWD scale has not yet been validated. Each item is scored on a 4-point Likert scale. Total 
scores range from 7 (lowest work demand) to 28 (highest work demand). Furthermore, 
general and mental health, pain, coping styles, disability, and the presence of MSCs and 
comorbidity were assessed. The presence of MSCs was assessed by means of 1 question 
regarding the presence of regular complaints about the muscles, tendons, and bones during 
the last 4 weeks, which were not caused by an accident, sports injury, infection, or joint 
disease. The subscales general health perception  and  mental  health (both 5 items) of the 
validated RAND-36 were included.78 The 2-item pain subscale of the RAND-36, assessing 
the average pain and the bothersomeness of the pain, was administered to those with MSCs. 
Individuals without MSCs were arbitrarily assigned a pain score of 100. Scores of all 
subscales range from 0 to 100, with higher scores indicating better health (eg, less pain). 

The coping styles “active,” “avoidance,” and “support seeking” were assessed by 
means of the Utrecht Coping List, which has good psychometric properties.79 Items are 
scored on a 4-point Likert scale and summed to form subscales. A higher score indicates 
greater presence of that specific coping style. 

The Pain Disability Index is a valid and reliable questionnaire about the influence of 
complaints on 7 components of daily life (family and household, recreation, social 
activities, work, sexuality, self-care, basic needs).73–75 Scores are summed and range from 0 
to 70, with a higher score representing greater disability. This questionnaire was 
administered to assess MSC-related disability, and was thus only administered to people 
with MSCs during the last 4 weeks. 

 
Statistical analysis 

Categorical data were analyzed using the exact chi-square test of independence. 
Continuous data were analyzed using the independent t test or 1-way analysis of variance 
(including a Bonferroni correction in the post hoc analyses). If a 1-way analysis of variance 
had a significant Levene’s statistic, a Kruskal-Wallis test was performed. Furthermore, 
univariate analysis of 2 nonnormally distributed continuous variables was performed with 
the Spearman correlation test. In addition, multivariate regression analyses were applied to 
predict work participation and work productivity of individuals with ULA. First, the 
variables marital status, level of ULA, coping styles (active, avoidance, support seeking), 
general health perception, mental health, MSC-related pain score, and presence of 
comorbidity were analyzed univariately. For the analysis of work productivity, only 
participants with paid work were examined, and the variables UEWD score, type of work, 
and working hours were analyzed univariately as well. Second, sex, age, level of education, 
cause of ULA and prosthesis use, and all previously mentioned variables with a P-value 
<.100 were entered in 1 step to the logistic (work participation) or linear regression 
analyses (work productivity). In linear regression analysis, residuals were checked for a 
normal distribution, and several transformations were explored to acquire a normal 
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distribution of the residuals. Cases with any missing value were excluded from the analysis. 
P values ≤.05 were considered to indicate statistically significant differences. Data are 
presented as mean±SD. Statistical analysis was performed using the SPSS 20.0  software 
package. 

 
 

Results 
 
Of the 627 surveys that were distributed, 603 were actually eligible for analyses (6 

were returned unanswered, 4 duplicates were detected, and 14 subjects did not meet the 
inclusion criteria). Of these 603 surveys, 270 were returned (response rate, 45%), of which 
7 were omitted because they were insufficiently answered. Moreover, 207 respondents were 
between 18 and 65 years of age. Additionally, a total of 111 control subjects filled out the 
survey, of whom 90 were between 18 and 65 years of age. The characteristics of the 
included individuals with ULA and of the controls are presented in Table 1. The most 
prevalent cause of AA was trauma (69%, n=76), the median time since amputation was 
16.6 years (IQR: 5.5 to 32.6y), and the median age at amputation was 25.7 years (IQR: 18.7 
to 38.0y). 
 
Work participation 

Of all individuals with ULA, 65% (n=135; 95% CI: 59% to71%) were employed. The 
most prevalent type of work for individuals with ULA was predominantly mentally 
demanding work (Table 1), and a myoelectric prosthesis was most often used by employed 
individuals (Table 2).  

Employment rates differed significantly between individuals with RD and AA (74% 
vs 57%, respectively; mean difference: 17%; 95% CI: 4% to 29%; chi-square: p=.011). In 
individuals with AA, work participation was not significantly influenced by amputation of 
the dominant hand (Table 2). Furthermore, employment and presence of MSCs were not 
related (Table 2). Sick leave was similar for individuals  with  ULA  and  controls  (see  
Table  1),  and  for  individuals with ULA this was not related to the presence of MSCs 
(chi-square p=.194). 

The most important cause for being currently unemployed was ULA (31%; 5 
women/1 man with RD, 5 women/11 men with AA), followed by comorbidity unrelated to 
ULA (15%), education (11%), searching for a job (11%), early retirement (8%), family or 
household care (4%), and other (19%). 

Furthermore, 11 (17%) of the currently employed individuals with AA adjusted their 
tasks or occupation yet remained employed by the same employer, and 19 (30%) changed 
their employer. However, 16 (25%) did not change employment after the amputation. For 
17 respondents (27%), this question was not applicable (eg, too young or not employed at 
time of amputation). 



  
 

 

Table 1 Characteristics of the total sample of individuals with RD and AA and controls.  

Characteristics RD (n=97)† AA (n=110)† 
Controls 
(n=90)† 

p between all 
groups 

Effect 
size Post hoc differences 

Demographic variables       
Sex: male 41 (42.3) 83 (75.5) 60 (66.7) <.001* .292 RD-AA, RD-C 
Age (y) 41.4±15.0 47.6±10.9 46.0±12.7 .023*  RD-AA 
Level of education    <.001* .284 RD-AA, RD-C, AA-C 
 None or low 24 (24.7) 48 (44.4) 9 (10.1)    
 Medium 41 (42.3) 35 (32.4) 23 (25.8)    
 High 43 (44.3) 25 (23.1) 57 (64.0)    
Marital status: living with partner 60 (61.9) 83 (75.5) 72 (80.0) .014* .169 RD-AA, RD-C 
Health-related variables       
Presence of comorbidity 32 (33.0) 35 (31.8) 14 (15.6) .011* .174 RD-C, AA-C 
Presence of MSC during last 4wk 52 (53.6) 70 (63.6) 24 (26.7) <.001* .308 RD-C, AA-C 
Work-related variables       
Employed 72 (74.2) 63 (57.3) 74 (82.2) <.001* .231 RD-AA, AA-C 
Working hours per week‡ 31.2±14.6 38.3±13.4 34.6±9.4 .034  RD-AA 
Type of work‡    .146 .128  
 MD 51 (70.8) 42 (66.7) 49 (67.1)    
 PD 12 (16.7) 12 (19.0) 6 (8.2)    
 M&PD 9 (12.5) 9 (14.3) 18 (24.7)    
Sick leave during last 4wk‡ 9 (12.9) 8 (12.7) 6 (8.1) .599 .066  
Work productivity‡§ 90.1±17.7 82.9±26.2 92.1±13.1 .164   
Physical work demands‡¶ 14.8±4.3 15.1±4.9 12.4±4.3 .001* .069 RD-C, AA-C 
 MD 13.7±3.9 13.9±4.0 11.2±3.4 .001* .102 RD-C, AA-C 
 PD 18.2±3.1 17.8±5.8 19.3±6.1 .837   
 M&PD 16.4±5.4 17.2±5.9 16.3±3.9 .136 .117  

 
NOTE. Values are n (%), mean±SD, or as otherwise indicated. Comparison of age, working hours per week, work productivity, and UEWD scores for individuals with 
predominantly physically demanding work was performed with a Kruskal-Wallis test. For this reason, no effect sizes are calculated for these variables. For categorical 
data, effect sizes are presented as Cramér’s V; the effect size of continuous data with homogeneity of variance is presented as eta squared (η2). 
Abbreviations: C: controls; MD: predominantly mentally demanding; M&PD: both mentally and physically demanding; PD: predominantly physically demanding. 
* Statistically significant at P≤.05; † Because of missing data, not all figures add up to the group totals. The missing values never exceeded the level of 2% for any variable; 
‡Calculated for employed individuals only; § Calculated with the Quality-Quantity method; ¶ Calculated with the UEWD scale; a higher score indicates greater upper 
extremity work demands. 
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Table 2 Characteristics of employed and unemployed individuals with ULA.  

Characteristics Employed (n=135)† Unemployed (n=72)† p 95% CI Effect size 
Demographic variables      
Sex: male 88 (65.2) 36 (50.0) .034*  .148 
Age (y) 42.7±12.7 48.5±13.7 .003* 

 2.0; 9.5  

Level of education   <.001*  .311 
 None or low 33 (24.4) 39 (55.7)    
 Medium 58 (43.0) 18 (25.7)    
 High 44 (32.6) 13 (18.6)    
Marital status: living with partner‡ 96 (71.1) 47 (65.3) .387  .060 
ULA-related variables      
Cause of ULA: RD§ 72 (53.3) 63 (46.7) .011*  -.178 
Level of ULA: below elbow¶ 96 (71.1) 44 (61.1) .143  -.102 
Amputation of dominant hand# 33 (54.1) 18 (40.0) .151  .139 
Current prosthesis use 111 (82.2) 48 (66.7) .012*  .176 
Type of prosthesis   .082  .207 
 Cosmetic 24 (30.6) 22 (47.8)    
 Myoelectric 48 (43.2) 18 (39.1)    
 Body powered 15 (13.5) 5 (10.9)    
 Other 14 (12.6) 1 (2.2)    
Remaining variables      
Coping styles¥      
 Active 20.9±3.4 18.9±4.0 <.001* -3.2; -0.9  
 Avoidance 15.1±3.2 16.3±3.6 .018* 0.2; 2.1  
 Support seeking 12.4±3.5 11.6±3.3 .105 -1.8; 0.2  
General health perception** 78.5±16.9 59.5±25.5 <.001* -25.6; -12.3  
Mental health** 78.0±13.5 67.9±23.2 .001* -16.0; -4.2  
Presence of comorbidity 33 (24.4) 34 (47.2) .001*  -.232 
MSCs during the last 4wk 76 (56.3) 46 (63.9) .290  -.074 
MSC-related pain score**, †† 58.1±15.3 47.7±21.1 .005* -17.6; -3.3  
Disability‡‡ 18.1±14.1 31.2±17.2 <.001* 7.5; 18.8  

 
NOTE. Values are n (%), mean±SD, or as otherwise indicated. Effect sizes for 2x2 contingency tables are presented as Phi; if one of the two categorical variables contains 
more than two categories, effect sizes are presented as Cramér’s V. 



  
 

 

* Statistically significant at p≤.05; † Because of missing data, not all figures add up to the group totals. There were 4 missing values for the variable “amputation of the 
dominant hand” (3.6%). For other variables, the missing values never exceeded the level of 1.5%; ‡ Marital status was classified as living with partner versus living 
without partner (single/widowed/divorced); § Cause of ULA was classified as RD versus AA; ¶ Level of ULA was classified as above elbow (absence of the upper limb at the 
level of the shoulder, with or without absence of the scapula and clavicle, at the transhumeral level, or through elbow) versus below elbow (absence at the transradial 
level or wrist disarticulation); # Only individuals with AA were included in this analysis; ¥ Subscales of the Utrecht Coping List; a higher score indicates greater presence of 
that specific coping style; ** Subscales of the RAND-36; a higher score indicates better health (eg, less pain); †† Calculated for individuals with MSCs during the last 4 
weeks only; ‡‡ Measured with the Pain Disability Index (PDI); a higher score means greater disability. 
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Predictors of work participation 
A logistic regression model for predictors of work participation for individuals with 

ULA revealed that younger men with a medium or high level of education, and good 
general health, who used a prosthesis were most often employed (Table 3). The cause of 
ULA did not contribute significantly to the model. 
 

Work productivity and physical work demands  
Work productivity did not differ between individuals with RD, AA, and controls (see 

Table 1). For individuals with ULA, the presence of MSCs influenced work productivity 
negatively (mean work productivity score of 91.8±17.5 when MSCs were not present vs 
82.6±24.9 when MSCs were present; mean difference: 9.2; 95% CI: 1.9 to 16.5; t test: 
p=.014). Moreover, linear regression analysis showed that a higher work productivity was 
related to less MSC-related pain (Table 4). The total explained variance of the model was 
36%. The UEWD scores of individuals who have predominantly mentally demanding work 
were higher for individuals with RD or AA compared with controls (Table 1). 

 
 

Discussion 
 
Work participation 

In this study, the employment rate of individuals with RD was slightly higher 
compared with that of the general population, whereas the employment rate of individuals 
with AA was slightly lower, as 66% of all individuals (72% of all men, 60% of all women) 
in the Netherlands aged between 15 and 65 years worked at least 12 hours a week in 
2013.88 As a result, our finding that men worked more often compared with women is 
culturally consistent. 

In this study, the difference in employment rates between individuals with RD and AA 
may be explained by the younger age of the RD group or the higher number of individuals 
with a medium or high level of education in this group, since these were predictors of work 
participation. A factor that was not assessed in this study is the correlation between physical 
abilities and job demands. For example, individuals with RD have the opportunity to 
choose education and employment more suited to their physical abilities, whereas after AA, 
a discrepancy between one’s physical abilities and job demands might arise. In our study, 
as well as in previous  studies,5,20 a  high  level  of  change  of  work  tasks  or employment 
after AA was found, supporting the hypothesis that physical abilities play a role in work  
participation  of  those with AA. 

Another important predictor of work participation was good health. Since our study 
had a cross-sectional design, it is not possible to say whether poor health is a cause or a 
result of un-employment. However, it does show the importance of addressing, and if 
necessary treating, general health during rehabilitation treatment. 



  
 

 
 

 
Table 3 Logistic model of predictors of work participation for individuals with 
ULA (n=201).  

      95% CI for OR  
Predictors B SE Wald p OR Lower Upper R2 † 
Demographic predictors        .195 
Sex 1.101 .422 6.825 .009* 3.008 1.317 6.874  
Age -.035 .017 4.031 .045* .966 .934 .999  
Education    7.828 .020*     
 Medium  1.062 .446 5.673 .017* 2.892 1.207 6.930  
 High  1.159 .487 5.654 .017* 3.187 1.226 8.283  
ULA-related predictors        .269 
Cause of ULA -.641 .438 2.139 .144 .527 .223 1.244  
Current prosthesis use 1.029 .452 5.189 .023* 2.799 1.155 6.787  
Remaining predictors        .416 
Coping strategy active‡ .057 .053 1.181 .277 1.059 .955 1.174  
Coping strategy avoidance‡ -.099 .060 2.724 .099 .905 .805 1.019  
General health perception§ .031 .011 8.604 .003* 1.032 1.010 1.054  
Mental health§ .010 .012 .618 .432 1.010 .986 1.034  
Presence of comorbidity -.229 .468 .239 .625 .796 .318 1.990  
MSC-related pain score§ -.010 .008 1.731 .188 .990 .974 1.005  
Constant¶ -1.171 1.995 .345 .557 .310    

 
Abbreviation: OR: odds ratio. 
*Statistically significant at p≤.05; † R2 is presented as Nagelkerke R2; ‡ Subscales of the Utrecht Coping List; a 
higher score indicates greater presence of that specific coping style; § Subscales of the RAND-36; a higher score 
indicates better health (eg, less pain); ¶ Constant (reference group) for “work participation” reflects an individual 
with the following features: female sex, no or low level of education, cause of ULA being RD, no prosthesis use, 
no comorbidity, a hypothetical age of 0 years, and a hypothetical score of 0 for coping strategies, general health 
perception, mental health, and MSC-related pain. 
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Table 4 Linear regression model to predict work productivity of individuals with 
ULA, measured with Quantity-Quality method (n=129).  

    95% CI for OR  

Predictors B SE of B p Lower Upper R2 change 
Demographic predictors      .147 
Sex -48.4 51.2 .425 -66.1 53.3  
Age 23.2 22.7 .275 -22.0 30.1  
Education        
 Medium  -53.5 53.1 .305 -69.9 52.4  
 High  60.0 54.1 .133 -44.8 74.0  
ULA-related predictors      .004 
Cause of ULA -38.9 50.5 .725 -62.5 57.1  
Current prosthesis use -61.1 53.9 .103 -74.4 41.0  
Remaining predictors      .211 
Coping strategy active† 8.4 31.4 .996 -37.2 37.2  
Coping strategy support seeking† 35.0 31.5 .131 -25.9 43.1  
General health perception‡ 18.4 20.8 .540 -22.4 26.4  
Mental health‡ 26.2 22.3 .061 -12.2 31.3  
MSC-related pain score‡ 27.5 19.1 <.001* 23.5 30.2  
Type of work       
 M&PD 61.0 57.2 .200 -52.2 76.9  
 MD 63.9 54.7 .065 -32.1 76.5  
Constant§ -82.2 72.6 .104 -100.2 55.4  
 
NOTE. Since residuals were not normally distributed, several transformations were explored. Work productivity 
to the power of 4 showed good fit of residuals. Values were transformed back in the table above. Note that R2 of 
the overall model =.361.  
Abbreviations: M: predominantly mentally demanding; M&PD: both mentally and physically demanding; OR: 
odds ratio.  
* Statistically significant at P≤.05; † Subscales of the Utrecht Coping List; a higher score indicates greater 
presence of that specific coping style; ‡ Subscales of the RAND-36; a higher score indicates better health (eg, less 
pain); § Constant (reference group) for “work productivity” reflects an individual with the following features: 
female sex, none or low level of education, cause of deficiency being RD, no prosthesis use, a predominantly 
physically demanding type of work, a hypothetical age of 0, and a hypothetical score of 0 for active and support-
seeking coping strategies, general health perception, mental health, and MSC-related pain. 

 

 

  



  
 

 
 

Work productivity 
Even when missing an arm or a hand, employees can be as productive as their peers, 

as shown by our results. Furthermore, sick leave did not differ between individuals with 
ULA and controls. In addition, work productivity was not related to type of work. A 
comparable result was found by Sjöberg et al,82 where several, mostly  younger  individuals  
performed  physically  demanding work, but none of the respondents rated their ability to 
work as being poor in relation to the mental and physical demands of their work. MSC-
related pain was the most important statistical predictor of work productivity. Pain has been 
described to reduce work   effectiveness   in   individuals   with   lower   back   pain,27 
osteoarthritis, and MSCs.24 Since individuals with ULA seem to be at high risk for 
development of MSCs, it remains important to educate them about MSCs and provide 
proper treatment if MSCs are present. 
 
Work demands 

Predominantly mentally demanding work was perceived as more physically 
demanding by individuals with ULA compared with controls, which may suggest that one-
handedness increases work demands. However, this cannot be concluded with certainty 
because individuals with ULA and controls were not matched on type of work, and 
therefore it is not possible to state whether the difference in perceived physical demand 
scores of individuals with ULA and controls is caused by different types of work or actual 
higher physical work demands (eg, due to compensatory movements). Furthermore, pain, 
awkwardness of movements, higher bodily awareness resulting from absence of the limb, 
and inexperience (eg, after changing work because of the amputation) may make people 
more aware of certain movements, which could increase perceived physical demands. As 
such, a study in which individuals with ULA and controls are matched on type of work is 
therefore required, as it could verify these results and offer insight into the additive physical 
demands attributable to one-handedness, the development of MSCs among this population, 
and advice on suitable work. Since upper extremity work demands were perceived to be 
higher by individuals with ULA compared with controls, the rehabilitation team and 
employers should be aware of overuse and related MSCs of individuals with ULA. 

 
Prosthesis use 

Prosthesis use contributed significantly to the model of work participation. 
Comparable rates of prosthesis use among employed individuals with AA have been 
presented previously in smallerstudies.4,20,21,89 Prosthesis rejection rates were lowest in full-
time workers.90 In a study conducted among youngsters (≤25y of age) with ULA, only 9 of 
the 21 employed individuals judged their prosthesis to be useful at work.89 Therefore, not 
only functionality but also cosmesis may be a reason for prosthesis use at work for 
example, in jobs where a neat appearance is required. Our finding that prosthesis use added 
negligibly to the model of work productivity supports this hypothesis. 
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Study limitations 

Because of privacy regulations, it was not possible to examine the details of 
nonresponders. Privacy regulations might also have caused individuals to receive the 
survey twice, making it impossible to calculate the exact response rate. However, we do not 
expect this to have happened often, since the rehabilitation centers and orthopedic 
workshops that disseminated the survey covered different parts of the country. The 
response rate is comparable with to those in other studies.7,9,21 Another weakness is that 
only construct validity of the Quality-Quantity method has beenexamined.85,86 Because of 
the method of recruiting controls, this group may not have been representative of the 
general Dutch population. Individuals with ULA and controls were matched on age and 
sex, yet not on type of work. As a result, caution is necessary when interpreting results 
concerning employment characteristics. Furthermore, a difference was found in the level of 
education of individuals with ULA and controls, which might have influenced the results of 
variables such as work participation and productivity. Finally, several orthopedic 
workshops were asked to disseminate the survey, which might have influenced the rate of 
prosthesis use, and this rate might therefore not reflect the true rate of prosthesis use 
in the Netherlands. 

 
 

Conclusions 
 
Individuals with RD had slightly higher employment rates compared with the general 

population of the Netherlands, while employment rates of individuals with AA were 
slightly lower. Moreover, male sex, younger age, medium or high level of education, 
prosthesis use, and good general health were predictors of work participation. Most 
individuals with ULA had predominantly mentally demanding work. Upper extremity work 
demands did not differ between individuals with RD and AA, yet were perceived to be 
higher by individuals with ULA who have predominantly mentally demanding work 
compared with controls with this type of work. Work productivity, as measured with the 
Quality-Quantity method, did not differ between employed individuals with RD, AA, and 
controls. Finally, work productivity was predicted by MSC-related pain. 
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Abstract 
 
Purpose To develop and pilot test a functional capacity evaluation (FCE) for individuals 
with upper limb absence (ULA) due to reduction deficiency or amputation, and to examine 
the relationship between FCE results and presence of musculoskeletal complaints (MSC).   

Method Five tests (overhead lifting, overhead working, repetitive reaching, fingertip 
dexterity, and handgrip strength) were selected and adapted if necessary. The newly 
developed FCE, called FCE-One-Handed (FCE-OH), was pilot tested in 20 adults 
individuals with ULA, and 20 matched controls. MSC were assessed via a questionnaire.  

Results Adaptations were considered necessary for all tests, except the handgrip strength 
test. The repetitive overhead lifting test of the non-affected limb was added. On the 
overhead lifting test, individuals with above-elbow ULA, 10 males) performed similar to 
controls using one hand. When lifting bimanually using the prosthesis, a trend for lower 
lifting capacity of individuals with below-elbow ULA (7 males, 3 females) was observed 
compared to controls. On the overhead working test, individuals with above-elbow ULA 
performed worse compared to controls. Other tests showed no significant differences 
between groups. Relationships between FCE results and presence of MSC were non-
significant.  

Conclusion The FCE-OH can be used to test functional capacity of one-handed 
individuals. Individuals with ULA generally showed similar functional capacity as two-
handed individuals. FCE results were not related to MSC. It was discussed that a higher 
physical load on the non-affected limb might reflect a relative deficit of functional capacity.  



  
 

 
 

Introduction 
 
Musculoskeletal complaints (MSC) appear to occur approximately twice as often in 

individuals with a congenital reduction deficiency or amputation of the upper limb 
(hereafter referred to as upper limb absence (ULA)).8,91 Individuals with ULA are exposed 
to an unequal distribution of physical demands over both limbs, back and neck. The higher 
load on the non-affected limb, back and neck may result in overuse injuries of these sites. 
The number of repetitions, the magnitude of produced force and posture have been 
described extensively as risk factors for MSC in the general population,33,65,92 which may be 
increased in individuals with ULA. In addition, the higher burden on the non-affected limb 
may go along with a higher repetition of movements. Force and repetition have an 
interactive effect; a combination of high force and high repetition renders a high increase in 
MSC risk.29 It was suggested that force requirements are increased when awkward or non-
neutral positions are used,29 which may be the case when daily tasks are performed with a 
stiff wrist, such as with most prostheses.1,2,93 Therefore, compensatory movements when 
wearing a prosthesis may possibly relate to overuse injuries of the affected limb. 

Individuals with ULA may thus require higher functional capacity to perform daily 
tasks compared to two-handed individuals, because the daily physical load is mostly 
transferred to one limb only. Therefore, assessing functional capacity of individuals with 
ULA might be important for primary and secondary prevention of MSC. An instrument that 
assesses functional capacity may guide rehabilitation professionals to give appropriate 
advice to individuals with ULA regarding work participation, and should lead to less MSC. 
Furthermore, such an instrument may be used in rehabilitation programs to monitor 
functional capacity and measure the outcomes of the rehabilitation program.  

In rehabilitation and occupational medicine Functional Capacity Evaluations (FCE) 
are used to assess functional capacity. The term capacity test is used as a consistent 
terminology for all tests that measure the highest probable level of functioning that a person 
may reach in a domain at a given moment in a standardized environment.30 An FCE is a 
comprehensive standardized assessment of an individual’s ability to perform work-related 
tasks.31 

Presently available FCE tests were developed for two-handed individuals and may not 
be suited to assess functional capacity of one-handed individuals. This study was conducted 
to adapt existing FCE tests for use in individuals with ULA with and without prosthesis. 
Further aims of this study were to pilot test the adapted FCE in individuals with ULA, and 
compare test results with the functional capacity of matched controls. Because functional 
capacity of individuals with ULA has not been researched previously, we proposed two 
competing hypotheses. First, we hypothesize a higher functional capacity of individuals 
with ULA as a consequence of a proper adaption to the higher load on the non-affected 
limb. On the other hand, individuals may fail to adapt to the redistributed functional loads, 
and are consequently prone to early onset of muscle fatigue or MSC. Our second hypothesis 
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contains a lower functional capacity for individuals with ULA. Furthermore, we examined 
the relationship between test results of individuals with ULA and presence of MSC. 
 
 

Method 
 
FCE tests were selected and adapted for use in individuals with an upper limb 

amputation, which is described in part one of the method. Part two describes the 
participants and test-procedure. This study was approved by the local ethical committee 
(NL43394.042.13) and each participant gave informed consent. 

 
Part 1: selection of FCE tests  

 
FCE test selection was based on a study on physical risk factors for work related 

upper limb disorders.94 These tests were extracted from the Work Well FCE.31 Safety, 
reliability, validity, and reference values of most tests were established in healthy 
workers.95–99 The selected tests, including a description of the original tests and the 
adaptations made, are described in Table 1. Test materials are described in detail 
elsewhere.94 The overhead lifting test measures functional strength of shoulder and arm 
musculature, whereas the overhead working test measures the static holding time of 
shoulder and neck musculature, as well as endurance. These two tests are generally 
performed bimanually, but can be performed one-handed. The repetitive reaching test 
measures both endurance and coordination. The fingertip dexterity test and the hand grip 
strength test assess fine motor capacity of the fingers and isometric grip strength, 
respectively.  
 
Part 2: measurements  
 
Participants  

During a previous survey among individuals with an upper limb reduction deficiency 
or amputation, participants were asked whether they were interested in information 
regarding follow-up research. Those who were interested, and lived on reasonable distance 
from the hospital, were sent written information regarding this study. Inclusion criteria 
were: being between 18 and 67 years of age, good comprehension of the Dutch or English 
language, and having ULA at or proximal to the carpal level. In case of a below-elbow 
amputation, the one-handed individual needed to own a well-fitting prosthesis (self-
assessed by the participant; reasonable and good fitting were accepted for participation), 
and have experience using it. In addition, the participant’s blood pressure had to be below 
159 mmHg (systolic) and 100 mmHg (diastolic). Exclusion criteria were: abnormal 

 



  
 

 
 

Table 1 Description of original and adapted FCE tests. 

Description of original test Adaptations  

Extra test instructions 
Measurement 
outcomes 

Number of times the test is 
performed 

AE-ULA 
participants 

BE-ULA  
participants 

Handgrip strength (d4400/s73022) Hydraulic hand dynamometer, JAMAR, Sammons Preston Inc. Bollingbrook, IL, USA  
Sitting with the shoulder 
adducted and neutrally rotated, 
elbow flexed at approx. 90°, and 
the forearm and wrist in neutral 
position, pinching a hydraulic 
handgrip dynamometer (in 
position 2 of the 5 available 
positions100) for approx. 3 
seconds.  

No adaptations.  Performed with the unaffected hand only. Pinched kg. Three times with non-
affected/dominant hand. 

Overhead lifting test (d4300)      
5 lifts with a plastic receptacle 
from table to crown height and 
v.v. in standing position within 
90s. Weight increments 2kg 
(females) or 4kg (males) until 
maximum amount of kgs is 
reached.  
If 5 lifts with a certain amount 
of kgsis not reached, a 
decrement of 1kg (females) or 
2kg (males) may be tried.  

Fixed grasp positions.  
 

Performed one-
handed. The 
unaffected hand 
grasps the front 
side of the 
receptacle. 

The non-affected 
hand and the 
prosthesis hand hold 
the handles of the 
receptacle. 

Maximum amount 
of kg that can be 
lifted 5 times from 
table to crown 
height, within 90 
seconds.  

Once. 

Repetitive Overhead lifting test (one-handed)     
Not existing.  
Added to test the one-handed 
overhead lifting capacity. 

N/A 20 lifts with a weight of 1.9kg from table to 
crown height and v.v. in standing position 
with the unaffected hand. 

Time (sec) needed 
for 20 lifts from 
table to crown 
height, up and down 
counts as one.  
 

Once. 
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Table 1 Continued 

Description of original test 

 
 
Adaptations 

Extra test instructions 
Measurement 
outcomes 

Number of times the test is 
performed 

AE-ULA 
participants 

BE-ULA  
participants 

Overhead working test (d4158)   
Standing with hands at crown 
height, manipulating nuts and 
bolts, and wearing cuff weights 
of 1kg around the forearms.  

No cuff around the 
prosthetic wrist.    

Performed one-
handed.   

The prosthesis hand 
is used to fixate the 
nuts. 

Time (sec) which the 
position can be held.  

Once. 

Repetitive reaching test (d4452)    
Sitting with bowls on wingspan 
distance, move 30 marbles 
horizontally at table height from 
right to left and v.v. as fast as 
possible The test is performed 
with one arm.   

The bowls with 
marbles are replaced 
for a one-button 
clicking system. The 
procedure remains the 
same.  

Touch the button 
on the clicking 
system.  
Performed with 
the unaffected 
hand only. 

Touch the button on 
the clicking system.  
The test is performed 
with the unaffected 
hand and the 
prosthesis hand. 

Time (sec) needed to 
make 30 reaching 
movements, back 
and forward 
counting as one.  

Three times; AE-ULA participants 
and controls: all trials with non-
affected/dominant hand. BE-ULA 
participants and controls: first and 
third trial with non-
affected/dominant hand, second 
trial with prosthesis hand/ braced 
non-dominant hand.  

Fingertip dexterity test (d4458) Purdue pegboard, model 32020, J.A. Preston Corporation, New York, NY, USA  
Sitting in front of a Purdue 
pegboard, placing pins with left 
or right hand as fast as possible 
in a 30 second trial.    

When testing with the 
prosthesis: pins are 
picked up with the 
non-affected hand, 
transferred to the 
prosthesis and then 
placed in the 
pegboard.   

Performed with 
the unaffected 
hand only. 

When performed 
with the prosthesis 
hand: pins are picked 
up with the 
unaffected hand and 
manually placed in 
the prosthesis hand. 

Number of pins 
placed in 30 
seconds.  

Three times; AE-ULA participants 
and controls: all trials with non-
affected/dominant hand. BE-ULA 
participants and controls: first and 
third trial with non-
affected/dominant hand, second 
trial with prosthesis hand/ braced 
non-dominant hand.  

 
ICF code of each test and any materials are provided.  
Individuals with AE-ULA perform all tests one-handed, while individuals with BE-ULA use their prosthesis. Any type of below-elbow prosthesis (cosmetic, body-powered, 
or myoelectric) can be used for all tests, with the exception of the fingertip dexterity test, which cannot be performed with a cosmetic prosthesis. 



  
 

 
 

function of the unaffected hand (based on the participant’s own judgment), invalidating or 
serious pulmonary or cardiac health problems or other comorbidity that may influence the 
FCE test results.  

Each participant with ULA was matched with a control person, based on gender, age 
(±5 years), weight (±10kg) and height (±10cm). Information flyers, placed in communal 
areas of the hospital, were used to recruit controls. In addition, controls were recruited 
among acquaintances of the researchers. The same inclusion and exclusion criteria were 
used, with exception of the presence of ULA. Both hands needed to have normal function, 
which was determined by the control’s own judgment.   

 
 Test procedure  

Before starting with the measurements participants answered the 7-item Physical 
Activity Readiness Questionnaire (PAR-Q),101 in order to assess the exclusion criteria. The 
PAR-Q has been successfully used in FCE research before.99,102 If any item was answered 
positively, the participant was excluded from participation. Furthermore, the participants’ 
blood pressure was measured. After inclusion, the participant was instructed about the 
termination criteria during the procedure: 1. If the participant wanted to stop (termination 
induced by participant); 2. If the heart rate was above 85% of the age related maximum 
[(220-age) x 85%] (termination induced by test leader); 3. Loss of control, leading to an 
unsafe procedure (termination induced by test leader). 

The tests were performed in random order. The controls performed the tests in the 
same order as the matched participant with ULA. A heart rate monitor [Polar Accurex Plus, 
Polar Electro Nederland BV, Almere, the Netherlands] was used to register heart rate 
before and after each test. Increase in heart rate was calculated as heart rate after the test 
divided by the heart rate before the test multiplied by 100%. Furthermore, after each test the 
CR10-Borg-scale was administered.103 This 11-point Likert scale informs after the 
perceived exertion, and ranges from ‘rest’ (0) tot ‘maximum’ (10). 

The six adapted FCE tests were performed, as described in Table 1. Participants with 
transradial ULA or wrist disarticulation (hereafter referred to as below-elbow ULA (BE-
ULA)) used their prosthesis during the tests, while participants with a transhumeral ULA 
(hereafter referred to as above-elbow ULA (AE-ULA)) did not use a prosthesis (as several 
tests could not, or with much difficulty, be performed with an above-elbow prosthesis). 
Participants with BE-ULA were allowed to manually rotate the wrist of the prosthesis, 
before starting a test. Controls used a brace around their wrist, blocking wrist 
flexion/extension, ulnar/radial deviation, and pro- and supination, for those tests that were 
performed with a prosthesis by their match (Table 1). Furthermore, controls performed the 
overhead lifting test twice: once two-handed (normal condition), and once in an adapted 
condition (one-handed, or with a brace, depending on whether they were matched to an 
individual with AE-ULA or BE-ULA, respectively). Half of the controls performed the test 
first in the normal condition, and the other half in the adapted condition. The first controls 
were asked to perform the overhead working test twice too, once two-handed, and once in 
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the adapted condition. However, soon an effect of fatigue was detected, as the second test 
was always performed worst, independent of the condition of this test, after which it was 
decided to let the remaining controls perform the test only in the normal condition.  

After the measurements all participants filled out a questionnaire regarding personal 
characteristics and presence of MSC. Type of occupation was classified by the authors 
(SGP and MFR) into four categories: no employment, sedentary or light physical work 
demands, medium physical work demands, and heavy or very heavy physical work 
demands. Classification was based on the Dictionary of Occupational Titles.104 
Furthermore, the questionnaire informed after presence of MSC during the previous four 
weeks, the location and duration of complaints, the severity of the pain (on a 11-point 
Numeric Rating Scale (NRS) from 0 (no pain) to 10 (worst imaginable pain)), and the 
disability caused by the complaints. The latter was assessed with the Pain Disability Index 
(PDI) questionnaire,73,75 assessing disability in seven domains in daily life (family & 
household, recreation, social activities, work, sexuality, self-care, and basic needs). 
Disability in each domain was scored on an NRS ranging from 0 (no disability) to 10 (worst 
disability), and answered were summed. Therefore, scores ranged from 0 to 70; with a 
higher score indicating greater disability.  
 
(Statistical) analyses  

Due to the relatively low number of participants in each group it was decided to 
perform all statistical analyses with non-parametric tests. For comparison of four groups 
(AE-ULA, BE-ULA, and two groups of matched controls) the independent sample 
Kruskall-Wallis test with a pairwise comparison was used. The test statistic (H-statistic), 
degrees of freedom (df) and effect sizes of significant pairwise comparisons are given. For 
comparison of two groups the unpaired sample Mann-Whitney U test was used. The test 
statistic (U-statistic) and effect size are presented. Furthermore, for comparison of the 
dominant limb and the prosthetic limb within the group of BE-ULA the related sample 
Wilcoxon signed rank test was used. Also for this test the test statistic (T-statistic) and 
effect size are given. Effect sizes are presented as the Pearson’s correlation coefficient r, 
calculated by dividing the z-value (standardized test statistic) by the root of the number of 
observations. R=.10 is interpreted as a small effect, r=.30 as a medium effect, and r=.50 as 
a large effect.105 If for any reason an individual was excluded from analyses, his or her 
match was also excluded from those analyses. Results are presented as median (IQR), and 
p-values of ≤.05 were considered statistically significant. 

 
 
 
 

 
 



  
 

 
 

Results 
 
Part 1: adaptation of FCE tests 
 

The researchers, who have experience in the fields of FCE, upper limb reduction 
deficiency and amputation rehabilitation care or movement sciences, discussed the original 
tests to decide which adaptations were necessary so that the tests could be performed by 
one-handed individuals with or without a prosthesis, and would measure functional 
capacity rather than prosthesis handling skills. Discussions were held until consensus 
between all researchers was reached (Table 1). As these tests are adapted for use in one-
handed individuals, we propose the name Functional Capacity Tests – One-Handed (FCE-
OH). 

 
Part 2: measurement results  

 
The total number of participants was 40, divided over four groups (Table 2).  

 
FCE-OH test results: differences between individuals with ULA and controls  

Results of the FCE-OH tests are described in Table 3. Participants with AE-ULA 
lifted similar weight as their matched controls, when the latter lifted with one hand. 
However, when the matched controls lifted with two hands, the individuals with AE-ULA 
lifted significantly less weight. For individuals with BE-ULA, reasons for not adding 
another increment of weight during the overhead lifting test were bad grip with the 
prosthesis hand, leading to unsafe lifting (n=6), reaching maximal lifting capacity (n=3), 
and  increasing pain in the non-affected hand (n=1). Individuals with an above-elbow 
amputation lifted the receptacle with one hand, and mentioned reaching maximal lifting 
capacity and unsafety equally often as reason to stop (both: n=5). Reaching maximal lifting 
capacity was the most called reason to stop for most controls (n=15). Other reasons were 
unsafety (n=4) and fear for physical harm (n=1).    

Participants with AE-ULA performed worse on the overhead working test compared 
to their matched controls.  
 
Learning effects for repetitive reaching test and fingertip dexterity test 

Of all 40 individuals, 38 performed the repetitive reaching test the third trial faster 
compared to the first trial. Differences in time between the first and third trial ranged 
between -5 and 17 seconds, with a median of 7.0 (IQR: 5.0; 9.0). This effect of practicing 
was also present in the fingertip dexterity test, where 26 out of 40 scored better on the third 
trial compared to the first trial (median difference: 1.5 (IQR: 0.0; 3.0)). 
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Table 2 Description of the studied participants. 
 Participant groups   
 AE-ULA AE-C BE-ULA BE-C Test statistic (df) p 
Male/female ratio (n) 10/0 10/0 7/3 7/3   
Age (years) (median (IQR)) 49.0 (39.2; 52.9) 54.3 (34.4; 58.3) 48.5 (39.2; 51.0) 45.9 (34.0; 55.4) 1.3 (3) .724 
Height (cm) (median (IQR)) 179.0 (173.8; 188.6) 183.5 (175.9; 186.3) 181.8 (170.6; 184.8) 183.0 (169.1; 189.9) 0.6 (3) .894 
Weight (kg) (median (IQR)) 82.2 (76.5; 91.7) 86.6 (80.5; 94.3) 87.1 (82.6; 98.3) 86.7 (80.3; 95.9) 1.5 (3) .678 
Occupation (n)       
 Not employed 4 0 3 2   
 Sedentary or light 5 6 7 7   
 Medium 0 4 0 1   
 Heavy or very heavy  1 0 0 0   
Cause of ULA (n)       
 Congenital 0 N/A 7 N/A   
 Trauma 10  3    
Type of prosthesis (n)       
 Cosmetic a N/A 1 N/A   
 Body-powered   2    
 Myoelectric   7b    
Prosthesis use (n)       
 Sometimes a N/A 1 N/A   
 Always   9    
Prosthesis fitting of socket (n)       
 Reasonable a N/A 1 N/A   
 Good   9    
Dominant hand (n)c       
 Left 5 2 4 2   
 Right  5 7 6 8   
 Ambidextrous - 1 - 0   
 
Abbreviations: C: controls, N/A: not applicable.  
a Participants with an AE-ULA did not use their prosthesis during the measurements. Therefore no details about their prosthesis and prosthesis use are provided here. Five 
of the ten participants did use a prosthesis in daily life; b One of the participants with a myoelectric prosthesis had a multi-articulating prosthesis hand; c The dominant 
hand is stated; for the participants with ULA this is the non-affected limb. Therefore five individuals with AE-ULA and six individuals with BE-ULA had a deficiency or 
amputation of the left limb. 



  
 

 
 

Table 3 Results of individuals with ULA and controls on adapted FCE tests, increase in heart rate while performing these 
tests and perceived exertion of the tests, measured with the Borg scale. 

 AE-ULA AE-C BE-ULA BE-C 

Test 
statistic 

(df) P* 
Post hoc 

comparisone 
Effect 
size 

Missing 
valuesf 

Test results          

Overhead lifting testa 8.0 (5.5; 10.0) 20.0 (20.0; 24.0) 11.0 (7.3; 16.0) 20.0 (15.0; 24.5) 24.8 (3) <.001 AE-ULA and AE-C: <.001 -.97 0/60 

Overhead lifting testb 8.0 (5.5; 10.0) 8.0 (8.0; 9.0) 11.0 (7.3; 16.0) 19.0 (10.8; 22.5) 10.3 (3) .016   0/60 

Repetitive overhead 
lifting test one-handed 41.0 (37.8; 47.8) 40.5 (34.0; 46.3) 38.5 (36.0; 41.3) 36.5 (33.3; 42.3) 3.5 (3) .320   0/40 

Overhead working testc 203.5 (133.0; 263.0) 313.5 (238.0; 603.0) 250.5 (182.8; 339.8) 256.0 (182.8; 353.8) 8.5 (3) .037 AE-ULA and AE-C: .023 .65 0/40 

Overhead working testd 158.0 118.0; 244.0) 325.0 (300.0; 521.0) 230.0 (169.5; 360.5) 243.0 (168.5; 381.5) 9.0 (3) .030 AE-ULA and AE-C: .018 .79 4/40 (8) 

Repetitive reaching test 
with dominant hand 58.7 (53.6; 59.8) 58.3 (48.7; 65.2) 54.5 (51.9; 58.5) 55.3 (51.8; 63.6) 1.2 (3) .744   0/40 

Repetitive reaching test 
with prosthesis/brace N/A N/A 67.5 (56.8; 77.3) 65.0 (59.3; 78.3) 55.0 .739  .08 0/40 

Fingertip dexterity test 
with  dominant hand 12.7 (11.3; 14.4) 14.3 (13.0; 14.8) 15.5 (13.9; 17.4) 14.0 (12.9; 18.1) 6.4 (3) .096   0/40 

Fingertip dexterity test 
with  prosthesis/brace N/A N/A 6.5 (5.0; 8.0) 4.1 (1.3; 6.8) 17.5 .130  -.38 2/20 (4) 

Hand grip strength  
with dominant hand 40.3 (34.8; 47.8) 47.7 (40.3; 51.8) 38.3 (31.1; 51.1) 37.5 (34.9; 42.5) 3.1 (3) .371   0/40 

Heart rate results          

Overhead lifting testa 114.6 (109.7; 116.4) 142.0 (139.4; 162.2) 138.8 (121.8; 144.3) 138.6 (129.5; 156.8) 17.2 (3) .001 AE-ULA and AE-C: <.001 -.94 4/40 (8) 

Overhead lifting testb 114.6 (109.5; 116.5) 119.3 (111.1; 139.6) 138.8 (121.8; 150.6) 144.1 (131.7; 156.8) 11.3 (3) .010   5/40 (10) 

Repetitive overhead 
lifting test  one-handed 116.4 (109.4; 121.7) 112.8 (106.7; 125.4) 114.3 (108.0; 120.7) 123.8 (113.5; 130.0) 2.8 (3) .425   0/40 
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Table 3 Continued         

 AE-ULA AE-C BE-ULA BE-C Test 
statistic 

(df) 

P* Post hoc comparisone Effect 
size 

Missing 
valuesf 

Overhead working testc 106.8 (101.8; 111.6) 115.1 (109.8; 120.5) 106.7 (103.5; 121.8) 114.0 (108.6; 117.4) 4.3 (3) .230   1/40  (2) 

Overhead working testd 106.1 (97.8; 115.8) 117.5 (114.0; 123.2) 105.8 (103.4; 117.5) 115.3 (108.1; 117.4) 5.5 (3) .137   1/32 (2) 

Repetitive reaching test 
with dominant hand 125.2 (113.1; 135.7) 129.0 (121.9; 141.8) 121.9 (111.6; 135.0) 129.1 (120.5; 141.3) 3.4 (3) .334   1/40 (2) 

Repetitive reaching test 
with prosthesis/brace N/A N/A 118.3 (114.8; 126.4) 132.9 (118.1; 143.0) 68.0 .190  .30 0/16 

Borg scale results          

Overhead lifting testa 5.0 (4.0; 5.0) 7.0 (6.5; 7.3) 5.0 (4.0; 7.0) 6.0 (4.0; 8.0) 8.3 (3) .040 AE-ULA and AE-C: .027* -.64 1/40 (2) 

Overhead lifting testb 5.0 (4.0; 5.0) 5.0 (4.0; 5.8) 5.0 (4.0; 7.0) 6.0 (4.5; 7.5) 2.9 (3) .406   1/40 (2) 

Repetitive overhead 
lifting test one-handed 2.0 (1.8; 2.3) 2.0 (1.0; 2.3) 2.0 (1.0; 3.3) 2.0 (1.0; 3.0) 0.5 (3) .921   0/40 

Overhead working testc 4.0 (3.0; 5.0) 4.5 (3.8; 6.3) 4.5 (2.8; 5.0) 5.0 (3.0; 6.0) 1.9 (3) .584   0/40 

Overhead working testd 4.0 (3.0; 5.0) 5.0 (4.0; 7.0) 4.0 (2.5; 5.0) 5.0 (3.5; 6.0) 3.8 (3) .288   0/32 

Repetitive reaching test 
with dominant hand 2.0 (1.0; 2.5) 1.2 (0.0; 2.1) 2.8 (1.8; 3.0) 2.8 (2.0; 3.1) 10.0 (3) .019   0/40 

Repetitive reaching test 
with prosthesis/brace N/A N/A 3.0 (1.8; 4.0) 3.0 (2.0; 4.0) 54.0 .796  .07 0/40 

Fingertip dexterity test 
with  dominant hand 0.0 (0.0; 1.3) 0.0 (0.0; 0.3) 0.0 (0.0; 0.9) 0.3 (0.0; 1.0) 6.4 (3) .096   0/40 

Fingertip dexterity test 
with  prosthesis/brace N/A N/A 1.0 (0.0; 3.0) 1.0 (0.0; 1.0) 27.0 .645  -.14 0/16 

 
Data is presented as median (IQR).  
Abbreviations: C: controls; N/A: not applicable.  
* P-values compare the four groups (AE-ULA, AE-C, BE-ULA, and BE-C) with an independent sample Kruskall-Wallis test with a pairwise comparison (next column).  
a Controls performed the test in the original condition, that is, two-handed; b Controls performed the test in an adapted condition, that is one-handed (AE-C) or with a 
brace (BE-C); c All participants included; d Four participants and their matches excluded, as they performed the test first in adapted condition (one-handed, or with brace); 
e Only significant post hoc comparisons between matched groups are presented; f The number of missing values are given per number of observations; between brackets 



  
 

 
 

the number of excluded observations are given. Two individuals with BE-ULA, as well as their matched controls, were excluded from analyses of the fingertip dexterity 
test with the prosthesis, as they could not perform the test with their prosthesis.  In eight cases (n=6 for the overhead lifting test, n=1 for the overhead working test, and 
n=1 for the repetitive reaching test with the dominant hand) the heart rate was not asked or asked too late, therefore these observations, including the observations of 
their matches, were excluded from analyses.  
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Comparison of the non-affected and prosthetic limb 
Prosthesis users performed the repetitive reaching test faster with their non-affected 

hand compared to their prosthetic hand (54,4sec (IQR: 51.9; 58.5) and 67.5sec (IQR: 56.8; 
77.3), respectively, T=49.5, p=.025, r=.50). Two individuals did not perform the fingertip 
dexterity test with the prosthesis, as one individual had a cosmetic prosthesis, and the 
myoelectric prosthesis of the second did not function well. The eight individuals who 
performed the fingertip dexterity test both with the non-affected hand and the prosthesis, 
performed the test better with the non-affected hand (15.5 pins (IQR: 13.8; 18.1) and 6.5 
pins (IQR: 5.0; 8.0), respectively, T=0.0, p=.012, r=-.63).  

 
Heart rate and perceived exertion 

During the overhead lifting test, individuals with AE-ULA showed a significant lower 
increase in heart rate compared to their matched controls when lifting two-handed, as well 
as a lower perceived exertion (Table 3). 

 
Relationship between test results and MSC 

Nine out of the 20 participants with ULA experienced MSC in the previous four 
weeks: six men with AE-ULA, and two men and one woman with BE-ULA(median age 
50.3 years (IQR 37.9; 52.6), four not employed, four with a sedentary or light occupation, 
and one with a heavy or very heavy occupation). The complaints were located in the low 
back (n=2), neck or high back (n=4), shoulder of the non-affected limb (n=6), the non-
affected limb (shoulder not included) (n=8), and the shoulder of the affected limb (n=1). 
Seven individuals (five with AE-ULA and with BE-ULA) had complaints in more than one 
bodily location. Furthermore, six individuals (four with AE-ULA and two with BE-ULA) 
had chronic complaints (e.g. lasting more than three months). The median NRS-score for 
the pain was 3.5 (IQR 2.3; 6.5) (one missing value) and their mean PDI-score was 28.0 
(IQR 10.5; 36.8) (one missing value). Differences in test results between individuals with 
and without MSC during the previous four weeks were not significant (Table 4). 
 
 

Discussion  
 
Development and pilot testing of the FCE-OH 

Existing FCE tests were adapted to develop an FCE for individuals with unilateral 
ULA, which was called FCE One-Handed. The FCE-OH consists of six tests, examining 
the functional strength, static holding time, endurance, and coordination of shoulder and 
arm musculature, fine motor capacity of the fingers, and isometric hand grip strength.  

The adapted tests allow for assessment of functional capacity of individuals with one 
hand. Not all individuals with ULA use a prosthesis, and therefore it was decided to adapt  
 



  
 

 
 

Table 4 Relationship between FCE-OH tests and MSC in individuals with ULA. 
 Individuals with  

MSC (n=9) 
Individuals without 

MSC (n=11) 
Test 

statistic p 
Effect 
size 

Overhead lifting test 8.0 (4.0; 10.0) 10.0 (8.0; 16.0) 24.0 .056 .44 

Repetitive overhead 
lifting test  one-handed 40.0 (36.5; 45.0) 39.0 (38.0; 42.0) 48.5 .941 -.02 

Overhead working test 219.0 (140.5; 306.0) 230.0 (188.0; 281.0) 49.5 1.000 0 

Repetitive reaching test  
with dominant hand 56.5 (53.4; 59.5) 54.5 (51.3; 59.3) 0.8 .824 .06 

Fingertip dexterity test  
with dominant hand 13.7 (12.3; 15.3) 14.5 (11.3; 16.0) 43.0 .656 -.11 

Hand grip strength  with 
dominant hand 38.7 (33.7; 42.2) 45.3 (33.0; 51.3) 39.0 .456 -.18 

 
Data is presented as median (IQR). 
 
 
 
The tests in a way that they can be performed both with and without a prosthesis. This 
makes the test also usable for patient groups that have one non-functional hand due to other 
conditions. While most tests are performed with the non-affected limb only, or with the 
non-affected limb and the prosthetic limb separately, it is possible to perform the overhead 
lifting test “bimanually”, that is, with the non-affected limb and the prosthetic limb 
(independent of the type of prosthesis) simultaneously. As the use of a prosthesis might 
influence the measured functional capacity of the upper limb musculature, no other 
“bimanual” tests were included. 

Based on this pilot test, a few recommendations for future research and clinical use of 
this outcome measure can be made. First, due to alterations of the test, the repetitive 
reaching test with the clicking systems should not be compared with reference data of the 
original test with marbles. Obviously, picking up a marble costs more time than clicking a 
button. Results of other tests with minor alterations could be compared with reference data. 
Second, when administering the FCE-OH one should recognize the learning effect in the 
repetitive reaching test, and to a lesser extent also in the fingertip dexterity test. Last, 
several participants with ULA mentioned during the overhead lifting test that they had 
preferred to lift the container in another way, e.g. without the prosthesis, but using their 
stump. Therefore, the standardized test might not represent the true lifting capacity of 
individuals with ULA, and to assess work capacity of an individual, it is recommended to 
also test lifting capacity in the participant’s preferred manner.  

 
Functional capacity of individuals with ULA 

Overhead lifting test is lower in one-handed individuals compared to controls. In 
individuals with BE-ULA there was a trend for a lower lifting capacity compared, 
suggesting that bimanual lifting capacity with a non-affected limb plus a prosthesis is lower 
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than the lifting capacity of two non-affected limbs. Interestingly, the individuals with BE-
ULA and their matched controls reported similar perceived exertion, indicating that, 
although less weight was lifted, the test was perceived equally physically demanding. The 
lifting capacity of the individuals with ULA (AE or BE) was low compared to the two-
handed lifting capacity of the control group, and also compared to reference data of healthy 
Dutch adults.98 However, it does meet the lifting criterion for light physical demanding 
occupations.98 The functional capacity, as measured in this study, of the participants with 
ULA seems to match their work load. The test results of this study suggest that individuals 
with ULA generally could perform work with sedentary or light physical demands. 
However, suitability should be assessed on an individual level, in which the individual’s 
capacities and work demands are compared.    

The most mentioned argument by individuals with BE-ULA for not increasing the 
lifted weight was bad grip with the prosthesis, leading to unsafe lifting. Thus, termination 
of the test was often not related to reaching maximal capacity of muscle strength. Ostlie et 
al found that the strength of the shoulder muscles of the affected limb was not decreased in 
the majority (83-96%) of 66 unilateral upper limb amputees.16 Apparently, more confidence 
regarding the prosthesis may increase lifting capacity. Possibly, prostheses with feedback, 
through for example osseointegration or pressure sensors, may allow individuals with ULA 
to rely more on the prosthesis, and thus increase the weight that can be lifted.   

 
Expectations and results: towards new hypotheses 

According to the dose-response model, exposure to physical exertions results in an 
“internal dose”, such as tissue loads and metabolic demands. These internal doses cause 
mechanical, physiological and psychological disturbances.106 Repeated and sustained 
exertions can result in changes in tissue composition, which in turn may result in increased 
dose tolerance. This is referred to as adaptation, and is a desirable effect of training. The 
first of our two competing hypotheses stipulated that individuals with ULA adapt well to 
the internal disturbances that occur as a result of increased demands of the non-affected 
limb, and thus show a higher functional capacity. However, according to the dose-response 
model, adaptation to internal changes can also be compromised, reducing functional 
capacity. The musculoskeletal tissues may have insufficient capacity to repair sustained 
damages, resulting in muscle fatigue, MSC, and even long-lasting impairment. As a result, 
our second hypothesis stipulated that individuals with ULA show lower functional capacity. 

The results from our study point more towards the second hypothesis than towards the 
first. Although absolute capacity of the upper limb musculature seems to be similar for one-
handed and two-handed individuals, the misbalance in the burden on both limbs results in a 
higher load on the non-affected limb. Seen from this perspective, the similar capacity as 
observed may be interpreted as a relative deficit of capacity of the non-affected limb, 
because the demands on this limb are higher. We observed lower endurance when 
performing the overhead working test for individuals with AE-ULA compared to their 
matched controls. A compromised adaptation to the increased physical load may have 



  
 

 
 

resulted in overloaded muscle fibers of the non-affected limb. The Cinderella theory 
stipulates that sustained low-level isometric contractions set up a stereotyped recruitment 
pattern of type 1 motor units in the muscle, which are constantly active, even in situations 
where the total muscle load is very low.107 This may result in metabolically overloaded 
muscle cells. Therefore, also long-term, low activity level exertions can lead to muscle 
fatigue, and eventually MSC. 

Surprisingly, within the group of participants with ULA we did not observe a 
difference between test results of those with and without MSC. Possibly, these individuals 
developed MSC, because tissue loads and metabolic demands did not adapt adequately to 
the higher levels of repeated or sustained physical activity. Hence, in these individuals 
physical demands trespass the capacity to repair sustained damages to the musculoskeletal 
tissues. Consequently, normal FCE-OH test results are found, as well as a high risk on or 
presence of MSC. The participants who were recruited for this study, were aware of the 
physical demands of the study, and expressed the wish to participate, despite the possible 
presence of MSC. These individuals might have considered MSC to be a normal aspect of 
ULA.91 In fact, many models explaining musculoskeletal disorders underline the 
importance of taking into account the combination of biopsychosocial factors instead of 
only looking at physical or work-related factors.108  
 
Strength & weaknesses 

The main aim of this study was to pilot test the FCE-OH, and therefore a relatively 
small number of participants were included. Hence, it is not possible to make a definitive 
statement about the functional capacity, and the relationship between functional capacity 
and MSC of individuals with ULA based on this research; further research with a larger 
sample is needed. However, this study helped to develop hypotheses regarding functional 
capacity and development of MSC in individuals with ULA, and gives guidance for future 
research regarding this topic. Psychometric properties of general FCE109–111 and the FCE for 
individuals with work-related upper limb disorders95 have been established. However, 
psychometric properties, such as safety, reliability and validity of the FCE-OH will need to 
be established separately, before it can be used with confidence in clinical practice. 
Moreover, a study is warranted, where individuals with ULA and controls are matched for 
work demands to allow well founded statements about the functional capacity of 
individuals with ULA compared to two-handed individuals with equal physical work 
demands. A weakness of this study is the small amount of women included. A weakness of 
the FCE-OH itself is that it is not possible to examine the added value of a prosthesis to the 
functional capacity of individuals with AE-ULA. Although a prosthesis may improve 
general functionality, it is not an aim of the FCE-OH to test prosthesis handling skill. 
Therefore, it is recommended to include a separate assessment of prosthesis handling skills 
when suitability of a job is examined. 
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Conclusion 
 
The FCE-OH appeared to be a feasible test to assess functional capacity in one-

handed individuals. New for FCE testing is the role of a helping device, being the 
prosthesis. Pilot testing suggests that absolute capacity of the upper limb musculature is 
similar for one-handed and two-handed individuals. No relationships between test results 
and MSC were observed. 
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Abstract 
 
Purpose To assess repeatability and safety of the FCE-OH, a functional capacity 
evaluation for one-handed individuals, consisting of 8 items.  

Method The FCE-OH protocol was administered twice to 23 individuals with upper limb 
absence (87% male; median age 46 years; median 2 days between sessions). Test-retest 
reliability and agreement were assessed with the intraclass correlations coefficient (ICC) 
and limits of agreement (LoA), respectively. Reliability was considered acceptable when 
ICC-values were ≥.75.Widths of LoA of four tests were compared with those of healthy 
adults. Safety and pain response were assessed with a questionnaire. 

Results After controlling for stability of construct, ICC-values ranged between .23 and 
.96, and widths of LoA ranged between 16% and 79%. Intertrial (learning) effects were 
present in three test items. No serious adverse reactions were reported. A pain response was 
reported by 30% of the participants.  

Conclusion Good or excellent reliability was observed in five tests, while three items 
showed poor or moderate test-retest reliability. Interpretation of agreement was possible for 
four tests, of which three showed widths of LoA similar to those reported in healthy adults. 
Learning effects were present; therefore, interpretation at the individual level should be 
performed with care. Safety was confirmed. 

  



  
 

 
 

Introduction 
 
After an amputation of the upper limb, return to work is often an important goal of 

rehabilitation, as employment is generally beneficial for the individual.17,18 However, 
functional capabilities may have altered due to the amputation and prosthesis use. Also 
individuals who are born with a transversal reduction deficiency of the upper limb may 
experience physical limitations due to one-handedness, which may influence their 
functional capacity. In order to assess the functional capacity of individuals with upper limb 
absence (ULA) in a standardized environment, a Functional Capacity Evaluation (FCE) for 
one-handed individuals was developed. This instrument can be used to guide decision 
making of rehabilitation professionals regarding suitable work, or to measure outcomes of 
vocational rehabilitation programs. Moreover, it helps assessing work limitations due to 
musculoskeletal complaints, which are a frequent problem in individuals with ULA.8,91 Test 
outcomes can be compared directly with workload or indirectly with reference values.98 
The FCE for one-handed individuals (FCE-OH) contains items that are adapted from an 
FCE for individuals with work-related upper limb disorders (WRULD).94 While all tests of 
the FCE-WRULD were considered reliable in healthy adults,95 this cannot automatically be 
assumed for the tests of the FCE-OH in its target patient group. Because the FCE-OH 
contains substantial alterations with regard to the FCE-WRULD, and is developed for a 
different patient group, psychometric properties should be examined separately.  

It has been demonstrated in healthy workers and patient groups with different chronic 
pain syndromes that FCE has not led to serious adverse effects, although, a temporary pain 
increase is common.99,112 The safety of FCE application and pain response during and after 
FCE application in patients with ULA has not been investigated. The aim of this study was 
to examine the repeatability and safety of the FCE-OH. 

 
 

Method 
 
Setting 

Patients were recruited from, and FCE sessions were held at the Prosthetic Center of 
the Italian Workers’ Compensation Authority (INAIL) in Vigorso di Budrio, Italy. 

 
Design 

Test-retest design; two FCE sessions were held with an interval of minimally 24 hours 
apart. A questionnaire on demographics was answered directly after session 1, while 24 
hours after session 1 the participant was asked to answer several questions about pain 
response. Stability of construct (e.g. the participant’s self-perceived physical and mental 
health status being unchanged) was assessed with a questionnaire prior to session 2. The 
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guideline for reporting reliability and agreement study (GRRAS) checklist was followed.113 
 

Ethics 
Participants received written information about the study and gave written informed 

consent before commencement of the protocol. This study was approved by the local 
medical ethical committee (reference number: 0001341), and registered in the Netherlands 
Trial Register (NTR; reference number: 5807). 

 
Participants 

Potential participants were inpatients from INAIL, who stayed at the centre for several 
days for prosthetic fitting, repair or training. Inclusion criteria were: age 18 to 62 years; 
presence of an upper limb reduction deficiency or amputation at or proximal to the carpal 
level; normal function of the unaffected hand; all seven items of the Italian translation of 
the physical activity readiness questionnaire (PAR-Q)101,114 were answered negatively, or, 
when the latter was not the case, if participation was considered safe by a medical doctor. 
Prosthesis use was not necessary for participation. All patients who met the inclusion 
criteria were invited. Determination of sample size was based on sample sizes of previous 
studies on repeatability of FCEs (ranging from 18 to 50; median of 30 participants95,109–

112,115,116), and availability of participants during the allocated study period.  
 

Procedures 
All sessions were administered by the same tester, who was trained in the 

standardized FCE-OH procedures. Participants and tester were blinded for the test results of 
session 1 until the second session was completed. After a general introduction of the 
sessions, the participant was verbally instructed how to perform each test. Each test was 
demonstrated by the tester. The participant was also instructed on the four termination 
criteria: 1) the participant wished to stop one or all tests for whatever reason; 2) the tester 
deemed it unsafe to continue, 3) the participant’s heart rate was above 85% of his or her 
age-related maximum [220-age] or 4) a set time limit or number of repetitions was reached. 
Delayed onset (muscle) soreness as a result of the FCE-OH was expected and the 
participants were informed accordingly before signing the informed consent form. To 
provide safety during the FCE-OH tests, heart rate was monitored continuously with a heart 
rate monitor. 

Six tests were performed, of which two (repetitive reaching test and fingertip dexterity 
test) were performed with the unaffected limb and prosthetic limb separately, thus making a 
total of eight test items. The repetitive reaching test with the unaffected limb and prosthetic 
limb, the fingertip dexterity test with the unaffected limb and the prosthetic limb, and the 
handgrip strength test with the unaffected limb were each performed three times (referred to 
as three trials).The tests were performed in a set order: overhead lifting test with a 
receptacle, overhead lifting test with a 2.0kg weight (with the unaffected limb), overhead 



  
 

 
 

working test, repetitive reaching test (alternating three trials with the unaffected limb and 
three trials with the prosthetic limb), fingertip dexterity test (alternating three trials with the 
unaffected limb and three trials with the prosthetic limb), and handgrip strength test (three 
trials with the unaffected limb). The overhead lifting test with a receptacle and the overhead 
working test were performed two-handed (unaffected and prosthesis hand), unless the 
participant had no prosthesis available or had a transhumeral amputation. In that case the 
test was performed with the unaffected limb only. The fingertip dexterity test could not be 
performed with a cosmetic prosthesis. Materials, objects and test procedures are presented 
in Appendix 1. 

Pain response was assessed with self-reported questionnaires. After session 1 
participants received an extended version of the pain response questionnaire (PRQ)99 and 
were asked to answer the first 3 questions 24 hours after finishing session 1. These 3 
questions informed after: 1) whether pain was perceived and, if so, the type of pain 
(muscular pain, other pain, or a combination of these), 2) whether the participant perceived 
this pain as being directly caused by the FCE session, and 3) whether the patient had 
experienced any other physical reaction after the first FCE session. The remaining 14 
questions were answered prior to session 2, and assessed stability of construct and presence 
of pain in the 12 hours prior to session 2. If pain was present, the location of pain and the 
severity of the pain (on an 11 point numeric rating scale from 0 (no pain) to 10 (worst 
imaginable pain)) was asked. To control for stability of construct of measurement, which is 
a prerequisite for test-retest reliability analyses,117,118 changes in mental and physical health 
(equal, better or worse) compared to the first session, and changes in medication use since 
the first measurement were recorded. Moreover, it was asked whether the participants had 
received prosthesis training between sessions, and whether changes were made to the 
prosthesis (e.g. repair) since session 1. In addition, a questionnaire about demographics was 
administered.  

 
Data analysis 

All test scores consisted of continuous variables. For the items of the repetitive 
reaching test and the fingertip dexterity test, and the hand grip strength test the average of 
three trials was calculated and used for further analyses. Skewness and kurtosis values 
divided by their standard error were used to assess distribution of normality of difference 
between test outcomes of session 1 and 2. If both outcomes were smaller than ±1.96 normal 
distribution was assumed, and a paired sample t-test was performed to analyze whether test 
results of session 1 were significantly different from results of session 2. When the 
difference was not normally distributed, a Wilcoxon signed-rank test was used, and the 
median and IQR were presented. Differences were considered statistically significant when 
p was <.05. 

Descriptives of the test results during the first and second trial, one-way random 
Interclass Correlation Coefficients (ICC) for single measures, and 95% confidence intervals 
(95% CI) of the ICC-values were computed. ICCs of  ≥.90 were interpreted as excellent, 
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ICCs between .75 and .90 as good, ICCs between .50 and .75 as moderate, and ICCs of 
≤.50 as poor.119 ICC-values of ≥.75 were considered acceptable.109,116 95% Limits of 
agreement (LoA) were calculated ([mean difference ± 1.96 x standard deviation of mean 
difference]), which represent the size of difference between both measurements; 
approximately 95% of differences will lie between these LoA.120 Only changes outside the 
LoA should be considered as real change.118 In order to get a global impression of the width 
of the LoA, a ratio between the LoA and the mean score of session 1 and 2 was calculated 
(([1.96 x standard deviation of mean difference] / [mean session 1 and 2]) x 100%).When 
the difference between test outcomes of session 1 and 2 was not normally distributed, the 
value of 1.96 in the previous two calculations was replaced with the value 2.120 
Interpretation of LoA is a clinical decision and not a statistical one.120 Widths of LoA of the 
overhead lifting test, overhead working test, fingertip dexterity test and handgrip strength 
test were compared with the widths of LoA found in healthy adults95; differences of ≥10% 
were considered deviant. As it is unknown whether the LoAs found in healthy adults are 
acceptable, clinically relevant interpretation of (widths of) LoA is not possible. 

Test-retest reliability explains the extent to which scores for patients who have not 
changed are the same for repeated measurement over time.118 Therefore two analyses were 
performed; first an analysis including all participants, and second an analysis including only 
the participants with stability of construct of measurement (e.g. stable functional capacity, 
in this study determined as unchanged physical and mental health status, and no changes in 
medical use as measured with the PRQ). Furthermore, in order to assess inter-trial variation 
a repeated measures one-way ANOVA was performed if a test consisting of multiple trials 
showed a significant difference in test results between session 1 and 2. If Mauchly’s test of 
sphericity was significant, the Greenhouse-Geisser estimate was reported. To examine 
differences between trials a post hoc Bonferroni analysis was performed.  

All analyses were performed in IBM Statistics SPSS 22. 
 
  

Results 
 
Thirty-two individuals were invited to participate, of which 2 declined. Therefore, 30 

individuals participated, of which 23 performed the FCE-OH protocol twice (completers), 
with a median time of 47.2 hours (IQR: 43.7 to 68.0) between sessions. Reasons for 7 
participants not to perform session 2 (non-completers) were: logistic difficulty to schedule a 
second session due to time constraints (n=4), declining for unknown reason (n=2), and no 
show (n=1). Characteristics of the participants are presented in Table 1. Differences 
between completers and non-completers were small (less than 10% difference for each 
variable).  

 
 

 



  
 

 
 

Table 1 Characteristics of the participants.  
 
 

All participants 

Participants included 
in the test-retest 

analyses 
Number of participants 30 23 
Gender: male/female (n) 24/6 20/3 
Age (years) (median (IQR)) 46.2 (35.2; 54.4) 46.0 (35.2; 55.5) 
BMI (kg/m2) (median (IQR)) 25.8 (23.4; 28.3) 25.7 (23.7; 27.8) 
Marital status (n (%))   
 Single 10 (33.3) 7 (30.4) 
 Living together with partner 19 (63.3) 16 (69.6) 
 Divorced or widowed 1 (3.3) 0 (0) 
Highest level of education (n (%))   
 Primary school 1 (3.3) 1 (4.3) 
 Middle or high school 21 (70.0) 15 (65.2) 
 College or university 8 (26.7) 7 (30.4) 
Employed (n (%)) 14 (46.7) 12 (52.2) 
Level of amputation (n)   
  Transhumeral 5 (16.7) 3 (13.0) 
  Transradial or wrist disarticulation 25 (83.3) 20 (87.0) 
Side of deficiency: left/right (n) 13/17 11/12 
Cause of deficiency (n)   
  Congenital 1 (3.3) 1 (4.3) 
  Amputation: trauma 29 (96.7) 22 (95.7) 
Amputation of dominant hand1 (n (%)) 17 (63.0) 12 (60.0) 
Time since amputation (years)2 (median (IQR)) 1.7 (1.4; 5.1) 1.7 (1.4; 5.1) 
At clinic for first fitting with prosthesis3 (n (%)) 6 (20.0) 5 (21.7) 
Years of prosthesis use (median (IQR))4 1.5 (1.0; 18.0)5 1.5 (1.0; 18.8) 
Prosthetic use during FCE-OH testing (n (%)) 19 (63.3) 15 (65.2) 
  Myoelectric traditional 11 (57.9) 8 (53.3) 
 Myoelectric with multiarticulating hand 1 (5.3) 1 (6.7) 
 Body-powered 4 (21.1) 3 (20.0) 
 (Prototype) cosmetic 3 (15.8) 3 (20.0) 

 
1 Not included in the calculation of the percentage were two individuals who were ambidextrous before the 
amputation and one individual with a congenital reduction deficiency; 2 Not included in the analysis was one 
individual with a congenital reduction deficiency; 3 Individuals who visited the clinic for the first fitting with a 
prosthesis; therefore these individuals were not experienced with prosthesis use and did not have a prosthesis 
available; 4 Individuals who visited the clinic for the first fitting with a prosthesis were not included in the 
analysis; 5 One missing value.  
 
 
 
Stability of construct 

Six individuals had prosthesis training between FCE-OH session 1 and 2, all but one 
participant used the same prosthesis during both sessions, and two participants had changes 
to the prosthesis. In total, six individuals mentioned changed health status at session 2: 
mental health was better (n=3), or worse (n=1), or physical health was better (n=2), or 
worse (n=1). No participants had alterations in medication use between sessions. One 
participant showed a difference in overhead lifting capacity of 16kg. During session 2, 
issues with the prosthesis led to substantial difficulties in lifting performance, as observed 
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by the tester and confirmed by the participant. Therefore, the results of this participant were 
omitted from the analyses of the overhead lifting test.  

 
Repeatability 

Both primary (with all participants; Table 2) and secondary (participants with changed 
health status excluded; Table 3) analyses showed acceptable reliability (ICC-values of 
≥.75) for five out of eight items of the FCE-OH, and one item close to the .75 threshold of 
acceptable reliability. Differences between primary and secondary analyses were small and 
did not influence interpretation of acceptability. Secondary analyses revealed widths of 
LoA ranging between 16% and 79%. Differences of the widths of LoA of the overhead 
lifting test, fingertip dexterity test, and handgrip strength test observed in this study and in 
healthy adults (23%, 14%, and 20%, respectively)95 were ≤10%, and thus considered 
similar. The width of LoA of the overhead working test was wider in this study (79%) 
compared to the width of LoA in healthy adults (41%).95 

 
Participants performed significantly better during the second session on the repetitive 

overhead lifting test with the 2.0kg weight, the repetitive reaching test (both with the 
unaffected limb and the prosthetic limb), and on the fingertip dexterity test with the 
unaffected hand (Table 2 and 3). Analyses of inter-trial variation are presented in Table 4. 
As the first trial of the repetitive reaching test was performed slower compared to all 
following trials an extra analysis was performed, omitting this trial. The ICC-value showed 
an evident increase (to .69, 95% CI: .32 to .88), however, the .75 level of acceptable 
reliability was still not reached. The width of LoA changed minimally. 

 
Safety 

No tests were terminated due to surpassing 85% of the age-related maximum heart 
rate. During the first session the overhead lifting test was thrice terminated by the tester, as 
it was deemed unsafe to continue (generally due to too much bodily swing while lifting, 
sometimes in combination with difficult grip with the prosthesis). During the second 
session this occurred only once. No serious adverse reactions occurred, but one individual 
reported a bruise on the unaffected forearm one day after the first session. This adverse 
reaction was most likely caused by pressure of the lower rim of the container on the 
forearm, while lifting the container with one hand during the overhead lifting test. After this 
event the container was padded with foam, and no such incident occurred again. Eight 
(30%) participants reported a physical response 24 hours (pain or other) after the first FCE-
OH session, which was partly or completely caused by the test procedure (Figure 1). Five 
of these eight individuals performed both sessions; in all five participants the pain was still 
present at the start of session two (median pain grade: 4, range: 2 to 5). Three of the eight 
individuals with a pain response did not perform session two; one of these three individuals 
declined further participation due to the pain response.  



  
 

 
 

Table 2 Test results of two FCE sessions, and limits of agreement and interclass correlation coefficients between these test 
results (all participants; n=9-23). 

 

N 

Mean or 
median 

session 1 
SD or IQR 
session 1 

Mean or 
median 

session 2 
SD or IQR 
session 2 

Mean 
difference 

SD of 
mean 

difference 

95% CI of 
mean 

difference p LoA 
Ratio of 
LoA (%) ICC 

95% CI of 
ICC 

Interpretation 
ICC 

Overhead lifting 
test with a 
container1 

224 8.0 5.8; 12.0 8.0 6.0; 10.5 0.2 1.6 -0.5; 0.9 .581 -3.1; 3.4 40.3 .89 .77; .95 Good 

Overhead lifting 
test with a 2.0kg 
weight2 

23 34.2 7.4 32.1 6.8 2.1 3.7 0.6; 3.6 .014* -5.2; 9.4 22.0 .83 .64; .92 Good 

Overhead working 
test2 23 216.0 127.0; 93.0 185.0 112.0; 61.0 37.8 77.0 6.3; 69.3 .052 -116.2; 191.8 70.6 .74 .48; .88 Moderate 

Repetitive reaching 
test with unaffected 
limb2 

225 51.0 47.2; 53.3 46.3 40.2; 50.4 6.5 5.6 4.2; 8.9 <.001** -4.7; 17.7 23.0 .59 .24; .81 Moderate 

Repetitive reaching 
test with prosthesis2 136 57.7 46.2; 64.2 55.0 44.2; 60.3 5.1 5.4 2.1; 8.0 .003** -5.7; 15.8 19.1 .88 .65; .96 Good 

Fingertip dexterity 
test with unaffected 
hand3 

227 12.8 2.3 13.4 2.0 -0.6 1.1 -1.1; -0.1 .022* -2.9; 1.6 17.6 .83 .63; .92 Good 

Fingertip dexterity 
test with prosthesis3 98 3.7 1.2 4.5 1.1 -0.7 1.2 -1.5; 0.0 .098 -3.1; 1.6 56.6 .38 -.30; .81 Poor 

Hand grip strength 
test1 23 43.6 12.3 44.6 11.8 -0.9 4.4 -2.7; 0.8 .310 -9.5; 7.6 19.4 .93 .85; .97 Excellent 

 
1 Kilograms; 2 second; 3 number of pins placed; 4The participant who lifted a difference of 16kg was omitted from analysis; 5 One participant performed only one trial 
during session 1;6 Eight participants performed all tests without prosthesis, as they had a transhumeral amputation (n = 3), or did not have a prosthesis available (n = 5). 
Two of the remaining participants did not perform this test due to sweating of the stump, which would cause twitching of the skin in the socket; 7One participant declined 
this test during session 2; 8 Eight participants did not use a prosthesis during testing, two participants did not perform this test due to sweating of the stump, and three 
participants used a cosmetic prosthesis and thus could not perform this test; * The difference is statistically significant at p<.05; ** The difference is statistically significant 
at p<.01. 
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Table 3 Test results of two FCE sessions, and limits of agreement and interclass correlation coefficients between these test 
results, of individuals with a stable construct (six individuals with changed self-perceived physical and mental health status 
excluded; n=6-17).  

 
1 Kilograms; 2 seconds; 3 number of pins placed; * The difference is statistically significant at p<.05; ** The difference is statistically significant at p<.01. 

 
 
 
 
 

 
n 

Mean or 
median 

session 1 
SD or IQR 
session 1 

Mean or 
median 

session 2 
SD or IQR 
session 2 

Mean 
difference 

SD of 
mean 

difference 

95% CI of 
mean 

difference p LoA 

Ratio 
of LoA 

(%) ICC 
95% CI of 

ICC 
Interpretation 

ICC 
Overhead lifting test 
with a container1 17 8.0 6.5; 12.0 8.0 7.0; 11.0 0.2 1.2 -0.3; 0.8 .414 -2.2; 2.6 29.4 .94 .84; .98 Excellent 

Overhead lifting test 
with a 2.0kg weight2 17 34.5 8.0 31.2 7.0 2.8 3.8 1.0; 4.6 .007** -4.6; 10.3 22.8 .82 .57; .93 Good 

Overhead working 
test2 17 205.0 117.5; 313.5 171.0 112.0; 278.0 40.6 83.0 1.1; 80.1 .136 -125.5; 206.6 78.5 .73 .40; .89 Moderate 

Repetitive reaching 
test with unaffected 
limb2 

16 50.2 44.2; 52.8 45.3 39.2; 50.0 7.0 5.7 4.2; 9.8 <.001** -4.5; 18.5 24.2 .57 .13; .82 Moderate 

Repetitive reaching 
test with prosthesis2 9 53.0 43.0; 64.2 47.3 40.2; 59.7 5.7 6.3 1.6; 9.9 .017* -6.9; 18.4 23.4 .87 .57; .97 Good 

Fingertip dexterity 
test with unaffected 
hand3 

17 12.8 2.1 13.4 2.0 -0.6 1.1 -1.1; 0.0 .049* -2.8; 1.6 17.1 .82 .57; .93 Good 

Fingertip dexterity 
test with prosthesis3 6 3.5 1.0 4.6 1.3 -1.1 1.2 -2.1; -0.1 .073 -3.5; 1.3 58.2 .23 -.58; .84 Poor 

Hand grip strength 
test1 17 41.2 11.1 41.7 11.8 -0.6 3.3 -2.1; 1.0 .498 -7.0; 5.9 15.6 .96 .95; .99 Excellent 



  
 

 
 

Table 4 Intertrial effects of the repetitive reaching test with the dominant hand, the repetitive reaching test with the 
prosthetic hand and the fingertip dexterity test with the dominant hand. 

FCE-OH test item n 
Session 1  Session 2 F-value 

(df) p 
Trial 1 Trial 2 Trial 3  Trial 4 Trial 5 Trial 6 

Repetitive reaching test 
with the dominant hand1 16 54.8±8.92**; 3**; 4**; 5**; 6** 50.3±10.21**; 5**, 6** 47.9±11.71** 

 
45.8±7.31** 43.8±8.91**; 2** 42.5±7.81**; 2** 19.2 (2.3) <.001** 

Repetitive reaching test 
with the prosthetic hand1 9 61.1±17.95*; 6* 56.8±18.6 53.4±20.1 

 
52.2±14.1 52.0±13.51* 49.9±13.61* 6.6 (2.0) .008** 

Fingertip dexterity test 
with the dominant hand2 17 11.6±1.62**; 5**; 6** 13.4±2.41** 13.3±2.8  12.5±2.45* 13.8±2.21**; 4* 13.8±2.01** 8.2 (5) <.001** 

 
For both items of the repetitive reaching test the Mauchly’s test of sphericity was statistically significant and therefore the Greenhouse-Geisser estimate was reported. 
Statistically significant differences between trials are reported in superscript (with numbers referring to trials). Data is presented as mean±SD. Trial 1 to 3 were performed 
during session 1, and trial 4 to 6 during session 2. 
Abbreviations: df: degrees of freedom. 
1 Seconds; 2 number of pins placed; * The difference is statistically significant at p<.05; ** The difference is statistically significant at p<.01.                                         
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Figure 1 Pain response 24 hours after FCE-OH session 1, and at the start of session 
2.  

Abbreviations: MSC: musculoskeletal complaints. 
 
 
 

Discussion 
 
Repeatability 

Five of the eight items of the FCE-OH showed acceptable reliability. For the repetitive 
reaching test with the unaffected limb and the fingertip dexterity test with the prosthesis 
test-retest reliability was not acceptable. The overhead working test was close to reliable. 
However, the width of LoA of this test was much wider compared to the width of LoA in 
healthy adults. Three other tests showed similar widths of LoA, while for four remaining 
tests interpretation of agreement was not possible. 

The overhead working test showed a large width of LoA, meaning large within 
individual differences between sessions. The long duration of the test enhances the chance 
that an individual performs notably different when repetitively performing the test. 

Session 1: n = 30

Not answered: n = 3

Answered: n = 27

No pain response: 
n = 18

Myalgia: 
n = 5

Other pain: 
n = 1

Myalgia and other 
pain: 

n = 1

Other physical 
response: 
n = 1

Stump pain 

Exacerbation 
of MSC

Bruise on 
forearm 

(plus myalgia)

n = 18

n = 5

n = 0

n = 0

n = 0

24 hrs after session 1: 
pain response 

questionnaire, part 1

Session 2: n = 23

Prior to session 2: 
pain response questionnaire, part 2

Location of pain:
Shoulder of nonaffect side: n = 1

Shoulder of affected side: n = 3
Forearm of nonaffected side and lower back: n = 1



  
 

 
 

However, this test showed considerably smaller widths of LoA when performed by healthy 
adults95 and patients with whiplash associated disorders112 (41% and 49%, respectively, 
versus 71% in this study), as well as a higher ICC-values (.90 and .83, respectively).The 
overhead working test is known to show variable ICC-values, ranging from .36 in patients 
with low back pain116 to .90 in healthy adults.95 Possibly, participants did not completely 
recover between sessions, and results of this endurance test, were affected by muscle 
fatigue. Furthermore, it could be that reminiscence of fatigue and possibly pain decreased 
motivation.  

In comparison with the overhead working test, the repetitive reaching test with the 
unaffected limb was performed significantly better during session 2, which may be caused 
by learning effects. The higher bound of LoA showed that a test had to be performed at 
least 19 seconds faster, to be considered as a real change.118 The first trial of session 1 was 
performed significantly slower than all following trials, and therefore it was hypothesized 
that removing this trial from analysis would improve reliability measures. The ICC-value 
increased evidently when this trial was removed; however, the .75 level of acceptable 
reliability was not reached. The test showed modest variability between subjects, which can 
substantially decrease reliability, as reliability demonstrates how well persons can be 
distinguished from each other, despite measurement error.117,121 In the FCE-OH, the 
repetitive reaching test has been substantially altered and therefore reliability measures 
cannot be compared with existing literature.  

For the fingertip dexterity test with the prosthesis the low ICC-value may very well be 
mediated by the low number of participants. No definitive conclusions should be drawn 
until the reliability of this test is ratified in a larger sample. 

Secondary analyses were performed, including only individuals with predefined 
stability of construct. ICC-values are ratio measures of the between-subject variance and 
the total variance, the latter including within-subject variance (measurement error).121,122 
Excluding individuals without stability of construct decreased within-subject variance, but 
possibly also the between-subject variance, and definitely the number of participants, which 
may explain why differences between results of the primary and secondary analyses are 
small, and did not change interpretation of reliability. Significant difference of test results 
between session 1 and 2, and inter-trial variation was present in several tests. Nevertheless, 
when within-participant differences are smaller than between-participant differences, 
acceptable reliability coefficients are possible.117,121 However, it is important to be aware of 
these effects when assessing a patient.  
 
Safety 

When necessary precautions are taken, the FCE-OH seems to be safe in use, since no 
serious adverse events occurred, and heart rates of all participants fell within acceptable 
ranges. One patient experienced a bruise one day after FCE-testing, which may be 
classified as an adverse reaction, which is defined as “any untoward and unintended 
response to an investigational medical product”.123 Furthermore, several individuals 
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experienced a pain response after the first FCE-OH session. Pain was mostly denoted as 
muscular pain and located in the shoulder of the affected limb, which may be caused by the 
generally passive use of this limb in daily life. Moreover, exacerbation of MSC may occur. 
The percentage of individuals with a pain response was much lower than found by Soer et 
al99 (30% versus 82%, respectively). Reasons for this finding are still speculative and 
beyond the scope of this article.  
 
Strengths & weaknesses 

While the COSMIN guideline recommends 50 participants, the results of this study, 
and of other FCE reliability studies with a similar number of participants,110,111,115 show that 
a substantially smaller sample can be sufficient to establish reliability. However, the 
smaller sample may have provoked large Cis of ICC-values, making it necessary to frame 
clinical interpretations at the individual level with care. Most individuals eligible and 
available for the study were willing to participate; however, completion of both sessions 
was not always possible and mostly related to time constraints. It is unknown whether this 
caused any bias. 

The interval between both sessions should be long enough to avoid recall bias and 
fatigue, but short enough to avoid changes in health status, causing genuine difference in 
performance. Following practical considerations, the interval in this study was variable, 
with a median of approximately two days. This is a shorter time interval compared to most 
studies, which had time intervals of one to two-three weeks,95,110–112,116 but similar to the 
time interval in the study of Gross and Battie, who had two to four days between 
sessions.115 A short interval may cause recall bias of test results, leading to higher ICC-
values; but simultaneously may lead to lower ICC-values as the interval might not allow for 
full recovery. With exception of the overhead working test, we don’t expect the short 
interval to have played a role, as participants typically performed equal or better during 
session 2.Reliability measures of the overhead working test are preferably replicated in a 
study with a larger interval between sessions. 

In this study widths or LoA are compared with healthy adults.95 Some tests of the 
FCE-OH were substantially altered, and therefore could not be compared. Interpretation of 
LoA is a clinical decision,120 and a possible way to interpret them is by using the minimal 
clinically important change. However, the FCE-OH being new, the minimal clinically 
important change still is to be established. Therefore, further considerations on LoA will 
follow. 
 
 
 
 
 
 



  
 

 
 

Conclusion 
 
Good or excellent test-retest reliability was observed in five tests, while the remaining 

three tests showed poor or moderate test-retest reliability. Comparison of agreement was 
possible for four tests, of which three showed similar agreement. The FCE-OH was 
considered safe in use when the right precautions are taken. Large Cis of the ICC-values 
and LoA, as well as learning effects, make it necessary to frame clinical interpretations at 
the individual level with care.   
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Appendices 
 

Appendix 1 Materials, objects and procedure of the six FCE-OH tests.  

Test Objective Materials Procedure 
Measurement 
outcome 

Overhead 
lifting with 
a container 

 

Functional 
strength of 
shoulder and 
arm 
musculature 

Plastic receptacle 
(40x30x26cm), a wall 
mounted system with 
adjustable shelves and 
weights of 1.0, 2.0 and 
4.0kg 

5 lifts from table to crown 
height v.v. within 90 seconds 
in standing position. 
Increments of weight (2.0kg 
for females, 4.0kg for males) 
until maximum amount of 
weight is reached.  

Prosthesis is used when 
available.  

Maximum 
amount of lifted 
weight (kg) 

Overhead 
lifting with 
a 2kg 
weight 

Functional 
strength of 
shoulder and 
arm 
musculature 

A wall mounted 
system with adjustable 
shelves and a weight 
of 2.0kg 

20 lifts from table to crown 
height v.v. in standing 
position, with the unaffected 
hand. 

Time needed for 
20 lifts v.v. (sec) 

Overhead 
working  

Static holding 
time of 
shoulder and 
neck 
musculature 

Aluminium plate 
adjustable in  height 
with 5 holes, bolts and 
nuts, and one cuff-
weight of 1.0kg 

Standing with hands at crown 
height, manipulating nuts and 
bolts, and wearing cuff 
weights around the 
unaffected wrist. 

Prosthesis is used when 
available. 

Time (sec) which 
static position 
can be held 

Repetitive 
reaching  

Fast repetitive 
movements of 
the upper 
extremity 

Two click-systems Sitting with clicking systems 
on wing span, touching 
clicking system at table height 
30 times from left to right v.v. 
with unaffected or prosthesis 
hand. 

Time (sec) 30 
movements (left 
to right v.v.) are 
made 

Fingertip 
dexterity  

Fingertip 
dexterity 

Purdue Pegboard 
(model #32020, 
Lafayette IN.) 

Sitting in front of the 
pegboard, placing as many 
pins as possible with 
unaffected or prosthesis hand 
in a 30 second trial.* 

Number of pins 

Handgrip 
strength  

Isometric hand 
grip strength 

Hand dynamometer 
(G100 BiometricsLTD E-
LINK) 

Sitting with the shoulder 
adducted and neutrally 
rotated, elbow flexed at 
approx. 90°, and the forearm 
and wrist in neutral position, 
pinching a hydraulic handgrip 
dynamometer in position 2 for 
approx. 3 seconds. 

Pinched kg 

 
NOTE: Participants with an above elbow ULA perform all tests without prosthesis. 
* When the test is performed with the prosthesis, the participant is allowed to place the pins in the prosthesis 
hand with the unaffected hand.  



  
 

 
 

 



 

  



  
 

 
 

  
  
  
  
  
 
 
 
 
 
 
 
 
 
 

 

  
 

Chapter 7 
 

  

Development and reliability of the rating of 
compensatory movements in upper limb prosthesis 
wearers during work related tasks  
 
Tallie M.J. van der Laan, Sietke G. Postema, Michiel F. Reneman , Raoul M. 
Bongers, Corry K. Van der Sluis 
 
Submitted 
 

 
 
 



 

 
 
 
108 | Chapter 7 

Abstract 
 
Purpose 1) To develop a qualitative scoring system for  rating compensatory shoulder and 
trunk movements in upper limb prosthesis wearers during the performance of  functional 
capacity evaluation tests adjusted for the use in one handed individuals (FCE-OH),  2) to 
examine the inter- and intrarater reliability and 3) the feasibility of the scoring system.   

Methods Movement patterns of 12 videotaped upper limb prosthesis wearers and 20 
controls were analysed. Compensatory movements were defined for each FCE-OH test, and 
a scoring system was developed, pilot tested and adjusted. During reliability testing 18 
raters (12 FCE-experts and 6 physiotherapists/gait analysts) scored video recordings of 
upper limb prosthesis wearers and controls, each performing 4 FCE-OH tests two times 
(two weeks apart). Agreement was expressed in % and Kappa value. Feasibility was 
determined by using a questionnaire. 

Results After 2 rounds of pilot testing and adjusting, reliability of a third version was 
tested. The interrater reliability for the first and second rating sessions were к=0.54 and 
к=0.64, respectively. The intrarater reliability was к=0.77. The feasibility was good, but 
could be improved by a short training program.  

Conclusion A scoring system was developed to asses compensatory movements in upper 
limb prosthesis wearers during the performance of FCE-OH tests. Interrater reliability was 
satisfactory in most instances, intrarater reliability was good. Feasibility was established.  

 
  



  
 

 
 

Introduction 
 

People with upper limb absence (ULA), either caused by congenital deficiency or by 
an amputation, need to make compensatory movements with both arms (affected and 
unaffected) and with their trunk in order to perform daily tasks and work related tasks with 
their prosthesis.1,2 They need to compensate for the loss of wrist, forearm (pro- and 
supination) and sometimes elbow movements, due to limited degrees of freedom of the 
prosthesis.2 Prosthesis wearers compensate the most with their trunk and shoulders,1,2 
however the compensatory movements seem to be task specific.1,124 Compensatory 
movements have not yet been studied during execution of work related tasks in this patient 
group. 

Compensatory movements may cause musculoskeletal complaints (MSC) due to 
overuse or increased physical load on the affected or the unaffected arm, neck and back.5,7,8 
It is known that the prevalence of neck, back and (un)affected arm complaints in 
individuals with ULA is twice as high in comparison with the general population: 57% 
compared to 29%, respectively.91 In patients with ULA non-physical risk factors related to 
MSC have been identified; such as middle age, being divorced or widowed and lower 
mental health,91 but physical risk factors have not yet been identified. In the general 
population physical risk factors for MSC are working in awkward positions, static muscle 
contractions and forceful and repetitive movements.94 MSC can affect the quality of life 
and participation in social roles such as work,5,7,8,125 and individuals with ULA are mostly 
young and have many potential working years.5 

Quantifying compensatory movements during work related tasks may help 
professionals to guide them in developing their treatment plan. Furthermore, such a 
quantification may contribute to predicting the risk on MSC in individuals with ULA and 
may give insight into preventive measures to preclude MSC. To our knowledge there is 
currently no system that systematically scores compensatory movements in patients with 
ULA during execution of work related tasks. In rehabilitation and occupational medicine a 
functional capacity evaluation (FCE), which is a comprehensive test containing work 
related tasks,94 is used to measure functional capacity, to assess disabilities, to monitor the 
progress of rehabilitation and guide return to work recommendations.94,95,126 Recently our 
research group developed the FCE One Handed (FCE-OH), which is a short-form FCE 
adjusted for one handed individuals and prosthesis users. The FCE-OH consists of six FCE 
tests; the overhead work test, the repetitive reaching test, the fingertip dexterity test, the 
overhead lifting test-two handed, overhead lifting test-one handed and hand grip strength 
test.  

The score of FCE tests is a quantitative score, for example how much weight an 
individual can lift or how fast he can complete a task. However, a quantitative score does 
not help a therapist to get insight into compensatory movements. A qualitative assessment 
of compensatory movements during FCE could be useful for therapy and return to work 
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recommendations. Compensatory movements can be assessed in several ways, including 
observation.127 Observational scales are already used in FCEs to determine the level of 
physical effort during FCE tests,126 but a qualitative scoring system for compensatory 
movements is lacking. This study aimed 1) to develop a qualitative scoring system for 
rating compensatory shoulder and trunk movements in upper limb prosthesis wearers 
during the performance of FCE-OH tests by observation, 2) to examine the inter- and 
intrarater reliability and 3) to examine the feasibility of the scoring system.     

 
 

Methods 
 
Design 

The scale development and testing consisted of five phases: planning, construction 
phase 1, qualitative evaluation phase 1, construction phase 2, and qualitative evaluation 
phase 2. The scoring system is developed in the first four phases, while in qualitative 
evaluation phase 2 the inter- and intrarater reliability were examined, as well as feasibility. 

 
Ethics 

This study was approved by the Medical Ethics Committee of the UMCG 
(NL433394.042.13). All participants provided written informed consent before entering the 
study. 

 
Participants 

There were four types of participants in this study; pilot-testers, observers, patients 
and controls: 

Pilot-testers (observers during construction phase 1 and 2) In the first 
construction phase three groups, each consisting of seven raters with a medical background, 
but without FCE-experience, participated in the pilot-tests. For pilot testing in the second 
construction phase five international FCE-experts were recruited among participants of an 
international FCE research meeting.128 

Observers (observers during qualitative evaluation phase 1 and 2) During 
qualitative evaluation phase 1 four FCE experts from the Netherlands participated. In 
qualitative evaluation phase 2 two groups of raters were involved: (I) 12 (inter)national 
FCE experts from Canada, the Netherlands, United States of America and South Africa 
(mean years of FCE-experience 16.3±10.5), were recruited among participants of an 
international FCE research meeting128 (different individuals from those participating in 
construction phase 2), and (II) a convenience sample of six physiotherapists/gait analysts 
(mean years of professional experience 7.7±8.7 years), without FCE-experience, from the 
rehabilitation department of the UMCG. 



  
 

 
 

Patients Inclusion criteria for prosthesis wearers were: a normal function of their 
sound hand and at least one year experience of prosthesis use. Prosthesis wearers were 
recruited via a questionnaire used for another study,91,125 in which they all declared to be 
interested in follow-up research. All prosthesis wearers (three females, nine males, mean 
age 46.8±11.5 years, mean time of prosthesis use 30.5±17.2 years) had an amputation or 
congenital deficiency at transradial or wrist disarticulation level. 

Controls Inclusion criteria for controls were no joint, muscle or nerve disorders and a 
normal hand function in both hands. Exclusion criteria for patients and controls were 
invalidating or serious health conditions that might influence the results of the FCE. These 
conditions were analysed by using the Physical Activity Readiness Questionnaire (PAR-
Q).101 Via advertisements 21 able-bodied controls (three females, 18 males, mean age 45.8 
±11.7 years) were recruited. 

Video recordings of 12 upper limb prosthesis wearers and 21 able-bodied controls 
performing four FCE-OH tests (Text box 1) were taken at the University Medical Centre 
Groningen (UMCG) in 2014. 
 
Tests 

Four out of six FCE-OH tests were selected. No compensatory movements were 
expected in the  overhead lifting test one-handed and the hand grip strength test, since both 
test are one-handed and performed with the unaffected side (Text box 1).    

 
Four phases of scale development 

The development of the qualitative scoring system was based on the four phases 
described in the guide for instrument development and validation of Benson and Clark129; 
planning, construction, qualitative evaluation and validation. In this study the first three 
phases were completed (Figure 1). The construction and qualitative evaluation phases were 
repeated if insufficient results were obtained after reliability testing. 
In the planning phase compensatory movements were listed by four medical 
professionals who compared the movement patterns of videotaped prosthesis wearers with 
the movement patterns of videotaped healthy controls. A compensatory movement was 
defined as a movement different from the control group. In the first draft compensatory 
movements were categorised as subtle or strong compensatory movements. A movement 
was defined as strong compensatory movement when there was a large difference from the 
movement pattern of the control group; smaller differences were defined as subtle 
compensatory movements. In construction phase 1 the first draft of the scoring system 
was pilot tested and adjusted in three rounds till the interrater kappa values of all items 
were >0.6. The adjustments were based on feedback of the 21pilot-testers (Figure 1). 
During pilot testing it became clear that differentiation between no compensation, subtle 
and strong compensatory movements was unfeasible. Based on the feedback of the pilot-
testers the categories “no compensation” and “subtle compensation” were combined. In 
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qualitative evaluation phase 1 the inter- and intrarater reliability of this first draft was 
determined by four FCE experts. Since the interrater and intrarater reliability of half of the 
items needed improvement, a second construction phase was performed using the 
feedback provided by the FCE experts in the previous phase. The improved scoring system 
was pilot tested online by five international FCE experts, using a video fragment rating 
system (a secure online video streaming service). The use of the scoring system was 
explained by a video instruction.  

After this developmental process the observational scoring system consisted of eight 
items; two items per FCE-OH test (Appendix 1).    

 
 
 

Text box 1 FCE-objectives, instruction to the participants, quantitative FCE-
outcome and the used camera position per FCE task.  

 
 
 

 
 
 

Test Objective Instruction FCE- outcome 
Camera 
position 

Overhead lift 
test 

To test the strength of 
shoulder and arm 
musculature 

Lift the plastic receptacle 
containing weights from table 
height to crown height 5 times 
within 90 seconds. The start 
weight is 2 kg for women and 4 
kg for men. After every 5 lifts 
weights of 2 kg for women and 
4kg for man are added until 
the maximum weight is 
reached. 

The maximum 
lifted weight  

Behind the 
participant 

Repetitive 
reaching test 

To test fast repetitive 
reaching movements 
of the upper extremity  

Sit between two clicking 
systems on wing span and 
alternate clicking each button 
for a total of 30 times   

Time needed to 
press each 
buttons 15 times  

In front of the 
participant 

Fingertip 
dexterity test 

To test fingertip 
dexterity  

Sit in front of the pegboard 
and place the pins in the board 
as fast as possible. 

The number of 
pins placed in 
the board in 30 
seconds 

In front of the 
participant 

Overhead 
work test 

To test the static 
holding time of 
shoulder and neck 
musculature 

Stand with the hands on crown 
height and manipulate nuts 
and bolts wearing a cuff weight 
around the unaffected wrist  

Time the 
position is held  

Behind the 
participant 



  
 

 
 

Figure 1 Flowchartof the method used in the development of the observational 
scoring system for scoring compensatory movements in prosthesis wearers during 
the performance of FCE-OH tests, including the final phase of reliability and 
feasibility testing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

К = Cohen’s kappa; к>0.6 was considered sufficient. 

  

Construction phase 2 Adjustments since results qualitative evaluation phase 1were insufficient 
> Adjustment of items with к<0.6based on the feedback of the raters of qualitative evaluation phase 1 
> Pilot test 3:FCE-experts (n=5) performed 1 rating session, using an online video instruction  
> Results: к<0.6 for 4/8 items, small adjustments were made bases on the feedback of the raters  

 
 

Construction phase 1 Development and pilot testing of the scoring system 
> Construct first draft of scoring system 
> Pilot testing till interrater к>0.6 for all items: in total 3 pilot tests (pilot 1a, b, and c) were performed 

- Medical professionals/students without FCE-experience (n=7 per pilot test) performed 1 session 
- After each pilot items were adjusted based on feedback of the raters and kappa-values 

 
 

Qualitative evaluation phase 1 Inter- and intrarater reliability testing 
> Pilot test 2: FCE-experts (n=4) performed 2 rating sessions, 2 weeks apart  
> Feedback: raters provided feedback after the second rating session 
> Results: interrater к<0.6 for 3/8 items, intrarater к<0.6 for 4/8 items 

Planning phase  
> Define the goal: Development of a scoring system for rating compensatory movements of  upper limb 

prosthesis wearers 
> List compensatory trunk and shoulder movements from video recordings 

Qualitative evaluation phase 2 Inter- and intrarater reliability and feasibility testing 
> FCE-experts (n=12) and physiotherapists/gait analysists (n=6) performed2rating sessions, 2 weeks 

apart 
> Results presented in Table 1 
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Fifth phase: qualitative evaluation phase 2 
Inter- and intrarater reliability testing Two groups of raters performed two rating 

sessions, two weeks apart. Before each session the use of the observational scoring system 
was explained by a video instruction, which was previously used in construction phase 2. 
Subsequently raters had to score four video recordings, each with a duration of 20 seconds 
per item of the scoring system. The raters reviewed the two items per FCE-OH test 
separately. Raters were instructed to perform the rating without consulting colleagues. The 
first group of raters (FCE-experts) were not supervised; they performed the rating sessions 
online, using video fragment ratings and were instructed to remove their rating from their 
computer after the first rating session. The second group of raters (physiotherapists/gait 
analysists) performed both rating sessions with supervision of a researcher and had to hand 
in their ratings after the first rating session. 

 
Feasibility After the performance of the second rating session raters gave feedback, 

using a short questionnaire containing questions about the applicability and the 
(dis)advantages of the developed scoring system.  

 
Statistical analysis 

During pilot testing Cohen’s Kappa (к) for multiple raters was used to analyse 
interrater reliability per item. Reliability was considered sufficient if к>0.6. Items were 
adjusted if к≤0.6. Kappa was used to determine the inter- and intrarater reliability of the 
final scale. The interrater reliability was determined for both rating sessions. Reliability was 
considered sufficient if kappa values were >0.6, moderate when 0.4<к<0.6, and poor when 
к≤0.4.130 ONLINE KAPPA CALCULATOR was used to analyse kappa for multiple 
raters.131,132 All other analyses were performed using Statistical Package for the Social 
Sciences (SPSS) version 22.0 software package (SPSS; IBM, Armonk, NY). 
 
 

Results 
 

Qualitative evaluation phase 2 
Inter- and intrarater reliability testing In total 18 raters performed both rating 

sessions. Mean time between first and second rating session was 14.4±1.0 days. Results of 
reliability testing are presented in Table 1.The overall interrater reliability was considered 
moderate in the first rating session (κ=0.54, 95% CI 0.52-0.57) but sufficient in the second 
rating session (κ= 0.64, 95% CI 0.61 to 0.66). The overall intrarater reliability was 
considered good (κ= 0.71, 95% CI 0.72 to 0.82). The overall kappa values of 
physiotherapist/gait analysts were similar to the overall kappa scores of FCE-experts. The 
latter also implies that unsupervised scoring as performed by the FCE experts leads to 



  
 

 
 

comparable results as supervised scoring, as performed by the physiotherapists/gait 
analysists, although a trend for higher scores in the supervised group was seen. 
 
 
 
Table 1 Inter- intrarater reliability of the developed scoring system.  

 
NOTE: κ (%): Cohen’s kappa (percentage of absolute agreement); 1st session: first rating session; 2nd session: 
second rating session. 
* The ratings of one rater were omitted from analysis due to missing data. 

 
 
 
Feasibility Eight out of twelve FCE-experts and six physiotherapists/gait analysts 

provided feedback on the scoring system. All raters stated that the system was easy to apply 
and could be used easily in clinical practice. Twelve raters stated that the developed scoring 
system may provide clinicians with useful additional information for the assessment and 
treatment of upper limb prosthesis wearers, two raters were neutral. Standardization of 
assessing compensatory movements and easiness to use the scoring system were regarded 
to be important advantages. Ten raters suggested a short training program containing more 
examples of compensatory movements might improve the scoring system further. 
 
 

 

 Interrater  reliability 
1stsession 

 Interrater  reliability 
2nd session 

 
Intrarater reliability 

 к (%) 95% CI  Online к (%) 95% CI  κ (%) 95% CI 
Overhead work test 
Prosthesis side 0.53 (79%) 0.46; 0.61  0.71 (87%) 0.63; 0.79  0.75 (88%) 0.59; 0.91 
Unaffected side 0.40 (74%) 0.32; 0.48  0.56 (81%) 0.48; 0.64  0.65 (85%) 0.45; 0.84 
Repetitive reaching test 
Reaching 0.60 (81%) 0.52; 0.68  0.73 (87%) 0.65; 0.80  0.79 (90%) 0.65; 0.94 
Press the button 0.43(71%) 0.35; 0.51  0.44 (72%) 0.36; 0.52  0.67 (83%) 0.50; 0.84 
Fingertip dexterity test 
Arm movements 0.84 (91%) 0.76; 0.92  0.82 (95%) 0.82;0.97  0.97 (97%) 0.92; 1.03 
Trunk movements  0.12 (75%) 0.04; 0.20  0.06 (74%) -0.02; 0.14  0.50 (86%) 0.47; 0.53 
Overhead lift test 
Arm movements  0.51 (75%) 0.43; 0.59  0.74 (87%) 0.66; 0.82  0.75 (88%) 0.60; 0.90 
Trunk movements 0.27 (69%) 0.19; 0.35  0.23 (73%)* 0.15; 0.31  0.72 (94%)* 0.54; 0.90 
Overall FCE experts 0.54 (75%) 0.52; 0.57  0.66 (81%) 0.63; 0.69  0.75 (88%) 0.68; 0.82 
Overall physiotherapist 0.60 (77%) 0.49; 0.70  0.72 (86%) 0.61; 0.83  0.84 (82%) 0.75; 0.92 
Overall FCE experts and 
physiotherapist  0.54 (77%) 0.52; 0.57  0.64 (82%) 0.61; 0.66  0.71 (89%) 0.72; 0.82 
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Discussion 
 

A qualitative scoring system for rating compensatory shoulder and trunk movements 
in upper limb prosthesis wearers during the performance of FCE-OH tests was developed 
following the guideline for instrument development. The intrarater reliability of the scoring 
system was good. The interrater reliability of the first rating session was insufficient, but 
sufficient in the second session. Feasibility of the rating system was established, a short 
training program explaining the use of the scoring system was recommended. 

 
The results show that it seems to be possible to identify compensatory movements 

reliably by observation using a dichotomous observational scoring system. The current 
version of the developed scoring system does not rate subtle compensatory movements, 
since pilot testing revealed that differentiation between subtle and strong compensatory 
movements was unfeasible. As such, the current scale can be used by clinicians to observe 
and rate larger compensatory movements. We expect that when raters have gained 
experience with applying the qualitative scoring system, scoring more subtle compensation 
strategies should be possible. Then, the system should be extended with a rating scale for 
advanced raters, and tested subsequently.  

 
The interrater reliability increased over the first and second reliability tests, which is 

similar to the development of an FCE physical effort scale,126 suggesting a learning effect. 
Raters mentioned they were accustomed to assess compensatory movements of the entire 
body and now they had to focus on compensatory movements of a certain body part. A 
short training program is expected to further increase reliability.  

 
The interrater kappa values of the trunk movement item of the fingertip dexterity test 

were unexpectedly low (1st session к=0.12, 2nd session к=0.06) compared to the percentage 
of absolute agreement (1st session: 75%, 2nd session: 74%). This may be explained by an 
uneven cell filling.133 In our sample the total of the column “compensation” is higher than 
the total of the column “no compensation”, causing a high expected percentage of 
agreement and therefore low kappa values. A more balanced distribution of the scores may 
be obtained by rating more video recordings per item. 

 
No differences were expected in interrater and intrarater overall kappa values of 

physiotherapist/gait analysts and FCE-experts, since both groups of raters did not have any 
specific experience in observing compensatory movements, other than might be expected 
due to their respective professions. We concluded that supervised or unsupervised ratings 
seem to lead to comparable results, although a trend for better results was seen in the 
supervised group of physiotherapists/gait analysists. We expect the results of unsupervised 
raters to improve further if a short training program is provided.  

 



  
 

 
 

Not all compensatory trunk and shoulder movements may have been observed during 
the planning phase of scale development due to three reasons. Compensatory movements 
were defined as movement patterns different from the movement pattern of controls. It may 
be possible that controls used compensatory movements as well and that compensatory 
movements of prosthesis wearers were not recognized. Also low numbers of available 
video recordings of upper limb prosthesis wearers may have prohibited the occurrence of 
other compensatory movements. Furthermore, the participants were videotaped in one 
plane; compensatory movements made in other planes may have been missed. The 
relevance of missing these subtle compensations is unknown at present, and should be 
subject of further (validation) study. A final limitation is the sometimes suboptimal quality 
of the videos used in this study, which could have influenced the results of the qualitative 
evaluation phases. Due to insufficient standardized camera positions optical distortion 
occurred in half of the videos, which limited the number of videos suitable for rating. In 
order to standardize the camera position in future research it is proposed that the horizontal 
centre of the image should be at shoulder height and that the spine should be in the vertical 
centre of the image.   

  
Before the scoring system could be used in practice, the reliability should be 

established by rating the performance of participants in real time. Furthermore the validity 
of the developed scoring system, which is step four in instrument development,129 needs to 
be tested.      
 
 

Conclusion 
 
A scoring system was developed to assess compensatory movements in upper limb 

prosthesis wearers during the performance of FCE-OH tests by observation. The scoring 
system was tested in the target population (FCE-experts and physiotherapists/gait analysts). 
The intrarater reliability was good and interrater reliability was satisfactory in the second 
rating session. The feasibility of the system was established and could be improved by a 
short training program before the use of the scoring system. Future research is needed to 
determine the reliability of the scoring system in clinical practice and to determine the 
validity of the developed scoring system.  
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Appendices 
 
Appendix 1 Qualitative scoring system for scoring compensatory trunk and shoulder movements during the performance of 
FCE-OH tests. 

Overhead work test 1:  Prosthesis side  Overhead work test 2: Unaffected side 

POINTS OF ATTENTION: 

> Rate the worst performance  
> Pay attention to the position of the elbow with respect to the shoulder 

 
POINTS OF ATTENTION: 

> Rate the worst performance  
> Pay attention to the position of the elbow with respect to the shoulder 

 No compensation 
Example 

Compensation 
Example 

  No compensation 
Example 

Compensation 
Example 

 

  

  

  
 Elbow is lifted maximally just 

above shoulder height 
Elbow is lifted far above  (>30°) 
shoulder height 

  Elbow is lifted maximally just 
above shoulder height 

Elbow is lifted far above  (>30°) 
shoulder height 

Prosthesis 
side 

 No compensation 
(0 point) 

 Compensation 
(1 point)  Unaffected 

side 
       No compensation 

      (0 point) 
 Compensation 

(1 point)     
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Appendix 1 continued      

Repetitive reaching test 1: Reaching   Repetitive reaching test 2: Press the button  

POINTS OF ATTENTION: 

> Rate the worst performance  
> Rate reaching with the prosthesis at the moment the arm moves in front of 

the body 
> Pay attention at the height of the elbow with respect to the shoulder 

 
POINTS OF ATTENTION: 

> Rate the worst performance  
> Rate internal rotation of the shoulder at the moment of pressing the 

button with the prosthesis. In case of internal rotation the elbow flexion 
crease turns downward  (caudal)and the olecranon turns up (cranial) 

 No/light compensation 
Example 

Compensation 
Example 

  No compensation 
Example 

Compensation 
Example 

 

  

  

  
 The elbow moves under 

shoulder height in front of the 
body 

The elbow moves at or above 
the height of the shoulder in 
front of the body 

  No internal rotation of the 
shoulder when pressing the 
buttons 

Internal rotation of the shoulder 
(the elbow flexion crease turns 
caudal and the olecranon turns 
cranial) when pressing at least 
one of the buttons 

Reaching  No or light 
compensation  
(0 point) 

 Compensation  
(1 point) 

 Internal 
rotation of 
the 
shoulder 

 No compensation  
(0 point) 

 Compensation  
(1 point) 
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Appendix 1 continued 
Fingertip dexterity test 1: Arm movements  Fingertip dexterity test 2: Trunk movements 

POINTS OF ATTENTION:  

> Rate the worst performance  
> Rate at the moment of placement of the pin with the prosthesis in the board 
> Pay attention the position of the elbow with respect to the shoulder 
 

 
POINTS OF ATTENTION:  

> Rate the worst performance  
> Do rate at the moment of placement of the pin with the prosthesis in the 

board 
> Pay attention the lateroflexion movements of the trunk 

 No/light compensation 
Example 

Compensation 
Example 

  No/light compensation 
Example 

Compensation 
Example 

 

  

  

  
 The elbow stays under the 

height of the shoulder 
Elbow is lifted at or above the 
height of the shoulder 

  No or minimal lateroflexion 
movement of the trunk (<10°) 

Clear lateroflexion movement of 
the trunk (>10°) 

Shoulder 
movements 

 No or light 
compensation  
(0 point) 

 Compensation  
(1 point) 

 Latero-
flexion of 
the trunk 

 No or light  
compensation  
(0 point) 

 Compensation  
(1 point) 

       
       
       
       
       

    



  
 

 

Appendix 1 continued      

Overhead lift test 1: Arm movements  Overhead lift test 2: Trunk and scapula movements 

POINTS OF ATTENTION:  

> Rate the worst performance  
> Rate the placement of the plastic receptacle at the top shelf  

 
POINTS OF ATTENTION:  

> Rate the worst performance 
> Pay attention to: 

> Rotation of the trunk 
> Lateroflexion of the trunk 
> Symmetry of scapular movements 
If one of these movements is persistent during the upward movement 
rate as compensation, ignore the downward movement  

  No/light compensation 
Example 

Compensation 
Example 

  No/light compensation 
Example 

Compensation 
Example 

  

 

  

  
  Both elbows stay under or 

at the height of the 
shoulders 

Minimal 1 elbow is lifted 
above the height of the 
shoulders 

  No or minimal rotation or 
lateroflexion of the trunk 
AND symmetrical scapular 
movements 

Lateroflexion and/or 
rotation of the trunk and/or 
asymmetrical scapular 
movements 

Height of the 
elbows with 

respect to the 
shoulders 

 No or light 
compensation  
(0 point) 

 Compensation  
(1 point) 

 
Trunk and scapula 
movements 

 No or light 
compensation  
(0 point) 

 Compensation  
(1 point)     
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The principle aim of this thesis was to explore the effects of upper limb absence 
(ULA), due to a congenital reduction deficiency (RD) or an acquired amputation (AA), on 
the remaining body functions and structures, on prevalence and characteristics of 
musculoskeletal complaints (MSC), and functional capacity. In chapter 2 it was shown 
that remaining body structures and functions of children with RD are affected by ULA, 
which remain, and sometimes become more evident, in adulthood. Asymmetry of the trunk 
and upper limbs were found, as well as restrictions in range of motion of the affected limb. 
Overall disability was greater in individuals with RD; however work-related disability did 
not differ between individuals with RD and matched controls. A relatively low rate of MSC 
(30%) was found. Assessment of prevalence and characteristics of MSC were described in 
chapter 3; a significant higher prevalence of MSC in individuals with ULA (57% point 
prevalence) compared to controls, and no difference in prevalence of MSC between 
individuals with RD and AA was found. Clinically relevant predictors for MSC were 
middle age, being divorced or widowed, and lower mental health. Disability was predicted 
by higher age, more pain, lower general and mental health, and not using a prosthesis. In 
chapter 4, presence of MSC was not related to work participation, but MSC-related pain 
was the most important predictor for decreased work productivity. Male sex, younger age, a 
medium or high level of education, prosthesis use, and good general health were predictors 
for work participation. Individuals with RD were more often employed compared to 
individuals with AA. However, when employed, work productivity did not differ between 
these two groups. The development and pilot testing of the functional capacity evaluation – 
one-handed (FCE-OH) is reported in chapter 5. This instrument examines the functional 
capacity of the upper limbs of one-handed individuals. Results of pilot testing demonstrated 
generally similar functional capacity for individuals with ULA and matched controls, and it 
was hypothesized that this, combined with a higher physical load on the unaffected limb, 
might actually reflect a relative deficit of functional capacity in one-handed individuals. 
Test-retest reliability of this instrument was acceptable in five out of eight items (chapter 
6). Furthermore, this instrument was proven to be safe in use. Finally, the development of a 
qualitative scoring system for rating compensatory shoulder and trunk movements in upper 
limb prosthesis users during the performance of the FCE-OH was described in chapter 7; 
the scale has sufficient intra- and interrater reliability. Feasibility of the scoring system was 
established. 

 
This final chapter provides a perspective on the main findings of the previous 

chapters, describes the (clinical) implications of the studies conducted, and gives 
suggestions regarding further research. 

 
ULA is more than the missing of a limb 

This thesis shows that an RD of an upper limb affects the remaining body structures 
and functions. Structural asymmetries of body halves, and restrictions in range of joint 



  
 

 

motion of individuals with ULA may have arisen as a consequence of the insult that caused 
RD, or due to under- and over-use of particular muscles (chapter 2). Body functions and 
structures of individuals with AA were not examined in this thesis, but from previous 
research it is known that reduced shoulder range of motion occurs in individuals with AA 
as well.16 

Another effect of ULA is the increased risk on development of MSC. Several studies 
across the world showed that individuals with ULA are prone to MSC,4–10 and in chapter 3 
it was established that Dutch individuals with ULA are no exception. In individuals with 
ULA, MSC were frequently present at multiple sites and often lasted for more than a year. 
Furthermore, pain intensity and disability were higher in individuals with ULA compared to 
two-handed individuals (chapter 3); emphasizing the severity of the problem. No difference 
in prevalence of MSC between individuals with RD and AA was found (chapter 3), which 
is in line with the results of Burger and Vidmar.10 Apparently, despite the natural 
development of compensation strategies,134 and the few limitations children and youngsters 
with RD experience,134,135 they remain prone to MSC in later life. 
 
Personal and environmental factors predicting MSC 

Various models regarding the pathomechanisms of MSC are available, and many of 
these describe a multifactorial original, presuming an interactive effect between (work-
related) psychosocial and biomechanical strain.108 Results of this thesis suggest that also in 
individuals with ULA both psychosocial and biomechanical risk factors may play a role in 
the development of MSC. 

 
Psychosocial risk factors Psychosocial factors, such as depression, pain 

catastrophizing cognitions, coping, and perceived social support can predict physical and 
psychological functioning.136–138 Although coping styles were no predictors for presence of 
MSC and MSC-related disability, mental health was associated with both (chapter 3). The 
causal relationship between mental health and MSC has not been established in this 
research, but it is imaginable that presence of pain negatively influences mental well-being. 
For example, pain seems to be related to lower health related quality of life in individuals 
with ULA.7 Moreover, in a study among individuals with upper and lower limb 
amputations, depressive symptoms were found to be a significant predictor of level of pain 
intensity and bothersomeness.6 However, decreased mental health may also predispose to 
(awareness of) MSC. For example, depression was reported as the largest hazard ratio for 
newly developed low back pain in a 3-year longitudinal study.139 Bongers et al described 
several explanations on how perceived (work) stress could induce or exacerbate MSC.140 
Firstly, it might be that psychosocial factors directly influence the mechanical load through 
changes in posture, movement and exerted forces. Moreover, stress may increase the 
muscle tension, and may enhance the perception of symptoms or reduce the capacity to 
cope with these symptoms. Both stress and pain are modulated in the same part of the brain, 
the amygdale, which is involved in assigning emotional significance to environmental 
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information and triggering adapted physiological, behavioral and affective responses.141 
The amygdale also contributes to pain processes, and persistent and chronic pain may alter 
amygdale activity. Although the exact pathways remain unclear, results of studies focusing 
on the amygdale suggest a strong relation between pain and emotion. It is therefore not a 
coincidence that a psychologist or psychomotor therapist is often part of the contemporary 
multidisciplinary rehabilitation team for chronic pain patients. 

Furthermore, in individuals with ULA, behavior may play a role in development of 
MSC as well, as half of the individuals with MSC stated that presence of MSC is obvious 
when having ULA (chapter 3). This could lead to continuation of behavior that led to the 
development of MSC, and may prevent them from changing their behaviors or consulting a 
healthcare professional.  

 
Biomechanical risk factors In this thesis, increased physical demands and 

compensatory movements are assumed to be related to the higher risk of MSC. This 
assumption arises from the epidemiologic evidence that repetition, posture, and produced 
force play a role in the development of MSC.33,92,142 Furthermore, it is known that when 
daily tasks are performed with a prosthetic limb, larger range of motions of torso, shoulder 
and elbow are necessary compared to tasks performed by an unaffected limb,1,2 and 
movements with a prosthesis are less fluent.143,144 When one grasps with a prosthesis 
decoupling of reaching and grasping occurs.144 Thus, using a prosthesis demands increased 
time, range of motion of torso, shoulder and elbow, energy expenditure, and cognitive load 
to plan alternative reaching strategies, and is related to a less efficient reach path and grasp 
pattern.1,2,143,144 Due to these demands from the affected side, activities will be executed by 
the unaffected limb whenever possible, thus increasing the physical load on the unaffected 
upper limb.  

Higher physical loads and compensatory movements may result in altered patterns of 
muscle use, leading to muscle imbalance due to under- and over-use of particular muscles. 
Muscle imbalance may in turn lead to a self-perpetuating condition of weakening of certain 
muscles due to lack of use, while other muscles are overused and become hypertrophic, 
resulting in chronic pressure on nerves and reduced peripheral circulation.145 This may 
explain why individuals with ULA experience more often tingling compared to controls, 
when MSC is present (chapter 3). Higher physical loads may comprise increased repetition 
and force, which interact in a logarithmic manner29; when low levels of force are required, 
many repetitions can be made until failure of tissue occurs. In this case, failure of tissue 
denotes the occurrence of precursors of MSC, such as microtrauma’s and inflammation.146 
However, due to the logarithmic interaction, small increases in force requirements, decrease 
the number of repetitions until microtrauma’s and inflammation occur exponentially. Thus, 
this interaction effect of force and repetition has and additive effect on the risk of 
development of MSC. 

In chapter 3 and 4 repetition, posture and force requirements of individuals with ULA 
were assessed with the upper extremity work demands scale. This scale, consisting of 7 



  
 

 

questions, assesses the frequency of exposure to these determinants for MSC,76 and was 
significantly related to presence of MSC (chapter 3). This is a self-rated scale, and 
validation of this scale is necessary before well founded conclusions can be drawn 
regarding the relationship between risk on MSC and upper extremity work demands. 
 
Consequences of MSC for disability  

Individuals with ULA have a high risk on MSC, which in turn may influence self-
reported disability (chapter 3) and work productivity (chapter 4). Furthermore, presence of 
MSC is related to lower perceived general and mental health. Such a decrease of perceived 
general and mental health, as well as a higher pain score, is associated with higher self-
reported disability (chapter 3). 

Not surprisingly, individuals with ULA showed higher general disability scores on the 
disability of the arm, hand, and shoulder (DASH) questionnaire, which asks about 
symptoms and ability to perform tasks with the upper limb, compared to two-handed 
individuals (chapter 2). When MSC are present, individuals with ULA report higher levels 
of disability compared to able-bodied controls (chapter 3). This can be described as “dual 
disability”,28 in which disability caused by pain adds to the disability caused by one-
handedness. In a study among over a hundred individuals with ULA, pain in the unaffected 
limb was related to a higher number of disability days (days individuals were kept form 
usual activities due to pain) compared to phantom limb pain, residual limb pain, and pain in 
the neck or back.7 This could be explained by the important role of the unaffected limb in 
daily functioning. In chapter 3, older age was related to increased “dual disability”, which is 
in line with previous findings that older individuals with ULA were more likely, compared 
to younger individuals, to be extremely bothered by pain in the unaffected limb.7 
 
Consequences of MSC for work productivity  

Even though general disability was higher in individuals with RD compared to 
matched able-bodied controls (chapter 2), results on the work module of the DASH did not 
differ between both groups, suggesting that individuals with RD chose their work based on 
work abilities. In the Netherlands (chapter 4) and in Sweden,82 the rate of work 
participation of individuals with RD is similar to the general population. Depending on age 
at time of amputation, individuals with AA might not have had the opportunity to develop 
their career path based on their changed physical abilities, which may explain why changes 
in job and job tasks can be necessary after return to work (chapter 4).21 Nevertheless, when 
employed, individuals with RD and AA report equal work productivity, which did not 
differ from the work productivity of two-handed individuals (chapter 4). Work productivity 
was independent of physical work demands, which was confirmed in a study among 
Swedish adults with RD.82 Several youngsters performed mentally demanding work, while 
none of them rated their ability to work as being poor in relation to the physical, 
psychological and mental demands of their work. Presence of MSC was not related to work 
participation (chapter 4); however, MSC-related pain was the most important statistical 
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predictor of work productivity. Pain as an interference of work productivity was described 
previously in different patient groups with chronic musculoskeletal disorders.24–27 Health 
variables, particularly mental health, account for the largest proportion of explained 
variance in both work absence and performance. Moreover, several studies have found an 
association between severity of depression and productivity loss.147–150 Thus, in individuals 
with ULA, decreased work productivity can be directly caused by MSC-related pain, but 
may also be mediated by decreased mental health related to presence of MSC.  

In conclusion, presence of MSC is associated with decreased health perception and 
increased disability. Individuals with RD may choose a career path and job based on their 
work abilities, and can be as productive as their two-handed colleagues. Even though 
individuals with AA might require change of work or work tasks, they too can be as 
productive as two-handed individuals. Physically demanding work is not avoided, and is 
not related to decreased work productivity. However, work productivity is negatively 
influenced by MSC-related pain. 
 
Assessment of functional capacity 

A functional capacity evaluation (FCE) can be defined as an evaluation of capacity of 
activities that is used to make recommendations for participation in work while considering 
the person’s body functions and structures, environmental factors, personal factors and 
health status.30 This thesis describes the development and reliability testing of an FCE for 
one-handed individuals (FCE-OH), which can be used to assess work capacity, give 
individuals with ULA appropriate advice regarding work participation, and measure 
outcomes of rehabilitation treatment. The FCE-OH consists of several tests, assessing 
overhead lifting, endurance of overhead working, repetitive reaching, fingertip dexterity, 
and handgrip strength. As individuals with ULA typically make compensatory movements 
in daily tasks, which are believed to play a role in the development of MSC, and currently 
no measurement tool exists to quantify these compensatory movements, a qualitative 
observational scale was developed (chapter 7). Once professionals are trained in the use of 
the instrument, this scale can be used to assess compensatory movements in individuals 
with ULA. It is hoped that assessment of compensatory movements may aid patients and 
professionals in determining optimal movement patterns, which are task-specific and 
depend on the motor characteristics of the patient. In addition, awareness of compensatory 
strategies among individuals with ULA is needed, in order to establish optimal movement 
patterns in daily life.  

In chapter 5 participants from the Netherlands pilot tested the FCE-OH; while the 
participants, who were included in the repeatability study (chapter 6), were from Italy. 
Approximately 90% of the Italian participants had transradial ULA. When comparing the 
Dutch participants with transradial ULA and the Italian participants, similar results were 
found for most FCE-OH tests. The repetitive reaching test was performed better by the 
Italians, while the fingertip dexterity test was performed slightly better by the Dutch. 
Overhead working endurance of individuals with ULA is similar to the results of patients 



  
 

 

with back pain,116 whiplash associated disorders,112 and able-bodied adults.95,98 Overhead 
lifting capacity is lowest in individuals with ULA (8-11kg, chapter 5 and 6), ranging to 
almost 20kg in young able-bodied adults.95 Interestingly, individuals with ULA lifted close 
to similar weights whether or not a prosthesis was used. Although a prosthesis may increase 
functionality in daily life, through the ability of grasping and fixating of objects, it does not 
seem to enable individuals with ULA to increase lifting capacity. Bad grip with the 
prosthesis was the most mentioned reason not to lift more weight.  

Functional capacity was generally similar between individuals with ULA and two-
handed matched controls (chapter 5). It was hypothesized that this may actually denote a 
relative deficit of capacity, as one-handedness increases physical demands. According to 
the dose-response model,106 repeated and prolonged exertions require adaption of tissues to 
increase capacity. When tissues fail to adapt, dose tolerance decreases. An increased 
activity level of the tissues, without adequate adaptation, may explain why no difference 
was found between individuals with and without MSC (chapter 5). 

The FCE-OH is safe in use, and most tests of the FCE-OH are reliable (chapter 6). For 
three tests further research is necessary in order to establish reliability. Professionals should 
be aware of learning effects and large limits of agreement; only changes outside the limits 
of agreement should be considered as real change.118 A training regarding the 
administration of the compensatory movement scale is advised (chapter 7). The current 
scale is suitable for therapists who are not experienced in assessment of compensatory 
movements; improvement of compensatory movement recognition may in time allow a 
more extended version of the current scale. The FCE-OH, including the qualitative 
observational scale for compensatory movements, could be a valuable instrument to assess 
functional capacity after injury and over time, give advice regarding appropriate work, and 
assess risk on and consequences of (sub)acute and chronic MSC. Furthermore, behavior 
during performance of an FCE-OH protocol may give important information about the 
patient’s efficacy and coping style. 
 
Recommendations for treatment of individuals with ULA 

The outcomes of this thesis yield several recommendations for treatment of 
individuals with ULA. First, this thesis shows that ULA is more than the missing of a limb, 
and attention for the remaining body functions and structures is thus warranted in 
rehabilitation treatment of individuals with ULA. The high risk on MSC, combined with an 
often chronic duration of complaints and increased disability, endorse the need for a 
preventive program. Individuals with ULA should be aware of the risk on MSC caused by 
one-handedness, they should have insight in possible compensatory strategies and the 
balance between physical capacity and physical demand, and be advised to alter their 
behaviors or consult a healthcare professional when complaints arise.151 Perhaps, a 
prevention program for MSC is necessary, including both consultations with rehabilitation 
professionals when called for, as well as self-management tools, aiming for awareness, an 
appropriate balance between physical capacity and work demands, and optimization of 
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compensatory strategies. Furthermore, resistance training of the neck, shoulder, and arm 
musculature might be beneficial for prevention and treatment of MSC, as concluded by a 
systematic review on the effectiveness of workplace interventions in the prevention of 
upper extremity MSC.152 Different theories on pathomechanisms of MSC support the 
hypothesis that physical training can improve muscle balance and capacity.29,106,145 In order 
to be effective and safe, this training should have the right balance between force, 
repetition, and rest.29 

Second, special attention is warranted for the older individual, as older age was 
associated with a higher risk on MSC, and increased MSC-related disability (chapter 3). 
Possibly, assessment of work capacity and work demands should be reevaluated in the 
aging individual. Collaboration between the rehabilitation and occupational medicine is 
warranted. 

Last, as discussed, poor mental health could influence development of MSC in several 
ways, and depressive symptoms are a predictor for the level of pain and bothersomeness of 
the pain. Therefore, mental health should be monitored, and treatment should be offered 
when poor mental health is suspected. 
 
Methodological considerations: strengths and limitations 

The performed research provides new insights into the consequences of one-
handedness on remaining body structures and functions. As far as I know, never before 
were results of physical examination of individuals with RD with a follow up of more than 
two decades presented. Furthermore, the study on MSC in individuals with ULA is the 
largest performed so far, executed on national level, and the only one including a 
significant number of individuals with RD, allowing for comparison of individuals with RD 
and AA. In addition, not only presence of MSC, but also consequences for disability and 
work participation and productivity were described. Moreover, this thesis described the 
development and reliability testing of the first measurement tool for functional capacity and 
compensatory movements of individuals with ULA. Studies were performed in three 
different countries (Sweden, the Netherlands, and Italy), and all but the reliability studies, 
included a control group.  

Nevertheless, the performed studies also have limitations. The studies presented in 
chapter 4, 5 and 7 encompass a subgroup of the participants of the study presented in 
chapter 3. Therefore, some bias in representation of the total population of individuals with 
ULA may have influenced the results of multiple studies. Upper extremity work demands 
were assessed with a questionnaire, which is not the gold standard for assessment of 
physical work demands; neither has the scale been validated by comparing it with a gold 
standard. Thus, no solid conclusion regarding the relationship between work demands and 
risk on MSC can be drawn. Furthermore, in multiple studies heterogeneity of prosthesis use 
of individuals with ULA, due to changes in wearing time and type of prosthesis over time, 
made it unfeasible to make more precise evaluations of the effects of prosthesis use on body 
structures and functions, and on MSC. Moreover, the study in which the development of the 



  
 

 

FCE-OH is described included 20 individuals with ULA. Based on the results of this study 
it was hypothesized that individuals with ULA have a relative deficit of capacity. The 
number of participants was sufficient for pilot testing of the FCE-OH, but does not allow 
conclusions regarding functional capacity of individuals with ULA. Further study 
limitations specific to each study are described in the corresponding chapters. 
 
Recommendations for future research  

The performed studies give several recommendations for further research. Future 
studies should aim to:  

 

> Assess the validity of the upper extremity work demand scale by comparing 
the self-assessed questionnaire with a gold standard (such as observation or motion capture 
system). After validation of the upper extremity work demand scale, a study is warranted 
where individuals with ULA are matched to a two-handed colleague with a similar type of 
work, while upper extremity work demands of both are assessed. This may give insight in 
the added physical demands caused by one-handedness, allowing well-founded formulation 
of work recommendations.  

 

> Validate the FCE-OH before use in rehabilitation care. Moreover, the 
reliability of three tests should be assessed in a larger population (repetitive reaching test, 
and fingertip dexterity test), or with a larger interval between measurements (overhead 
working test). Furthermore, the number of repetitions until a plateau is reached, and the 
amount of time to wear off learning effects of the repetitive reaching test and fingertip 
dexterity test should be determined.  

 

> Study the hypothesis of relative deficit of functional capacity. This hypothesis 
was described in chapter 5, but the number of participants in this study did not allow 
conclusions regarding functional capacity of individuals with ULA.  

 

> Improve degrees of freedom of prostheses. Compensatory movements are 
typically attributed to the limited degrees of freedom of prostheses.1,2 An increase of 
degrees of freedom may diminish compensatory movements.153 Moreover, feedback and 
improved fitting through osseointegration deserves further research, as it may improve the 
patients’ reliance on the prosthesis. Thus far, compensatory movements have been assessed 
in laboratory settings only. In order to establish the magnitude of compensatory 
movements, assessment of the influence of ULA on movement patterns in daily life, for 
example during work related tasks, is warranted.  
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> Establish the causal relationship between MSC and MSC-predictors, such as 
mental health, upper extremity work demands, and prosthesis use in a longitudinal study. 
Results of such a study may give important information about necessary components of a 
(self-management) prevention program for MSC.  
 
Final conclusions  

Absence of an upper limb is more than just “missing a limb”; I have shown in this 
thesis that ULA also affects the remaining body structures and functions, is related to a 
higher risk on MSC, and influences functioning. Presence of MSC is a serious complication 
for individuals with ULA. MSC do not only occur more often in individuals with ULA 
compared to able-bodied individuals, but these individuals also report more pain, often 
have complaints on multiple bodily locations, and the duration of complaints is often long. 
Furthermore, presence of MSC negatively influences disability and work productivity. Both 
psychosocial and mechanical factors may play a role in the development of MSC. Cause of 
ULA, being RD or AA, was not a predictor for MSC or work participation. With the 
exception of the overhead lifting capacity, functional capacity of individuals with ULA 
seems to be equal to two-handed individuals. However, it is hypothesized that this may 
denote a relative deficit of capacity, as the unaffected limb of individuals with ULA may 
have to deal with increased physical demands. The FCE-OH and its compensatory 
movement scale may become valuable additions to patient assessment for execution of 
work related tasks by one-handed individuals. 
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List of abbreviations 
 
 
 
 
Abbreviations used throughout this thesis 
 
AA Acquired amputation 
AE Above elbow 
BE Below elbow 
CI Confidence interval  
DF Degrees of freedom 
DOT Dictionary of occupational titles 
FCE Functional capacity evaluation 
FCE-OH Functional capacity evaluation – one-handed  
ICC Intraclass correlation coefficient 
IQR Interquartile range 
LoA Limits of agreement 
MSC Musculoskeletal complaints 
N/A Not applicable 
NRS Numeric rating scale 
PAR-Q Physical activity readiness – questionnaire (questionnaire) 
PDI Pain disability index (questionnaire) 
PRQ Pain response questionnaire (questionnaire) 
RD Reduction deficiency 
UCL Utrecht coping list (questionnaire) 
UEWD Upper extremity work demands (questionnaire) 
ULA Upper limb absence 
WRULD Work-related upper limb disorders 
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Upper limb absence (ULA), due to a congenital transversal reduction deficiency (RD) 
or an acquired amputation (AA), may have an impact on body structures of the trunk and 
unaffected limb, and may predispose these individuals to specific and non-specific 
musculoskeletal complaints (MSC) not caused by acute trauma or any systematic disease. 
The prevalence of MSC among Dutch individuals with ULA is unknown, as well as 
characteristics of MSC in this population, and effects of presence of MSC on disability, 
work participation and work productivity. ULA and its consequences on body functions and 
structures, as well as presence of MSC, may influence activity and capacity. A functional 
capacity evaluation (FCE) can be used to assess the influence of body functions and 
structures on activity. An FCE is a set of tests, practices and observations that are combined 
to determine the ability of the evaluated person to function in a variety of circumstances, 
most often employment, in an objective manner. FCEs are typically developed for two-
handed individuals. In order to assess functional capacity of one-handed individuals, 
development of an FCE for these individuals is warranted. As awkward posture is a risk 
factor for MSC, a qualitative scoring system for rating compensatory movements is called 
for.  

 
 The principle aim of this thesis is to explore the effects of ULA, due to RD or AA, on 

remaining body structures and functions, on development and characteristics of MSC, and 
on functional capacity. 

 
In chapter 1 the topics assessed in this thesis are introduced. Furthermore, the 

problem analysis inspiring this thesis, as well as the thesis aims and thesis outline are 
presented.  

 
The first study performed, is described in chapter 2. This prospective cohort study 

entailed physical measurements of the upper arms, trunk and spine of children with 
transversal upper limb RD at the age of eight to 18 years, and 24 years later. During the two 
measurements the patients were matched on gender and age with able-bodied controls. Both 
at baseline and at follow-up, within-subject differences in structures of the arm and trunk 
were found in patients, but not in controls. Spinal deviations were greater in patients 
compared to controls, but did not develop to clinically relevant scoliosis. Furthermore, 
patients and controls answered questionnaires regarding presence of back pain (baseline 
measurement) and presence of chronic pain during the last week and disability (follow-up 
measurement). Both presence of back pain and presence of chronic pain did not differ 
between participants and controls.  

 
For the second study a survey was developed, informing after health, presence of 

MSC, disability, and work participation and productivity. The survey was distributed 
among individuals with ULA in the Netherlands, and answered by 263 individuals of ≥18 
years old. Furthermore, a convenience sample of control subjects with a similar distribution 



  
 

 

of age and sex answered the questionnaire. The results of this study are presented in two 
chapters.  

 
In chapter 3 presence of MSC and disability are assessed. The point and year 

prevalence of MSC was twice as high in individuals with ULA compared to the controls, 
and MSC was most often located in the unaffected limb and upper back/neck. Presence of 
MSC was related to decreased general health perception and mental health. Logistic 
regression analyses showed the following clinically relevant predictors for presence of 
MSC: middle age, being divorced/widowed, and lower mental health. When MSC were 
present, disability was perceived higher in individuals with ULA compared to controls. In 
individuals with ULA, who experienced MSC, disability was related to higher age, more 
pain, lower general and mental health, and not using a prosthesis.  

 
Individuals between the ages of 18 and 65 years (official retirement age in the 

Netherlands) (n=207) were included in the analyses regarding work participation and 
productivity, presented in chapter 4. Seventy four percent of the individuals with RD, and 
57% of the individuals with AA were employed. Male sex, younger age, a medium or high 
level of education, prosthesis use, and good general health were predictors of work 
participation. Presence of MSC did not differ between employed and unemployed 
individuals. Work productivity did not differ between individuals with RD, AA, and 
controls, but was negatively influenced by MSC-related pain.  

 
In the following chapters the development, pilot testing and reliability testing of an 

FCE for individuals with ULA and a qualitative scoring system for rating compensatory 
movements are described. First, the development and pilot testing of the functional capacity 
evaluation – one-handed (FCE-OH) is described (chapter 5). The selected tests were 
derived from an FCE for individuals with work-related upper limb disorders, and were, if 
necessary, adapted for use by one-handed individuals. Ten individuals with transradial 
ULA (seven males, three females; all using a prosthesis), and ten individuals with 
transhumeral ULA (all males; none using a prosthesis during testing) performed these tests. 
They were matched on age, sex, height and weight with able-bodied control subjects, who 
also performed these tests. Individuals with transhumeral ULA lifted less weight compared 
to their matched controls, when the latter were allowed to use both hands. However, lifting 
capacity was equal when matched controls also used only one hand. There was a strong 
trend for a lower lifting capacity of individuals with transradial ULA, lifting with their 
unaffected hand and prosthesis hand, compared to their matched controls, lifting with both 
hands. The individuals with transhumeral ULA performed worse on the overhead working 
test compared to their matched controls. Other tests did not show significant differences 
between individuals with ULA and controls. In this chapter it is concluded that the FCE-
OH can be used in one-handed individuals, and that individuals with ULA generally show 
similar functional capacity as two-handed individuals. It is hypothesized that a higher 
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physical load on the unaffected limb for individuals with ULA might reflect a relative 
deficit of functional capacity. 

 
In chapter 6 assessments of repeatability and safety of the FCE-OH are presented. 

Twenty three individuals with ULA perform the FCE-OH twice; the majority of these 
individuals was male (n=20), had transradial ULA or wrist disarticulation (n=20), and their 
ULA was not congenital (n=22). The median time between sessions was two days. The test-
retest reliability of five out of eight items was good or excellent. Agreement of four tests 
was compared with agreement in able-bodied individuals performing these tests, and three 
of the four tests showed similar widths of limits of agreement. The FCE-OH was 
considered safe in use, when the right precautions are taken.  

 
Video recordings of the individuals who pilot tested the FCE-OH (chapter 5) were 

used to develop a qualitative scoring system for rating compensatory movements of trunk 
and shoulders of individuals with a transradial ULA using a prosthesis while performing 
FCE-OH tests (chapter 7). A compensatory movement was defined as a movement 
different from the control group. In several phases the scoring system was developed, pilot 
tested and adjusted. For final reliability testing FCE-experts (n=12), and physiotherapists or 
gait analysists (n=6) scored video recordings of the individuals with ULA twice, two weeks 
apart.  Interrater reliability was satisfactory in most instances, and intrarater reliability was 
good. Feasibility was established. Raters suggested a short training program, in order to 
improve feasibility.  

 
Finally, in chapter 8 the main results of the aforementioned studies are discussed. It 

is concluded that ULA is more than the missing of a limb, as it also affects remaining body 
functions and structures, such as asymmetry of body halves and decreased range of motion 
of the shoulder. Presence of MSC is frequently reported by individuals with ULA; it is 
associated with a higher pain grade compared to controls, complaints on multiple locations, 
long durations, and increased disability. Both psychosocial and biomechanical factors are 
likely to play a role in the development of MSC. Presence of MSC was not associated with 
work participation, but MSC-related pain was the most important predictor for work 
productivity. Functional capacity of individuals with ULA seems to be equal to two-handed 
individuals. It is hypothesized that this actually may denote a relative deficit of capacity, as 
individuals with ULA may have increased physical demands. The FCE-OH and the 
qualitative scoring system for rating compensatory movements may be a valuable addition 
to patient assessment. 
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Afwezigheid van de bovenste extremiteit (upper limb absence; ULA), door een 
congenitaal transversaal reductiedefect (reduction deficiency; RD) of een verworven 
amputatie (acquired amputation; AA) kan invloed hebben op de lichaamsstructuren van de 
romp en niet-aangedane zijde, en kan deze mensen vatbaar maken voor specifieke en niet-
specifieke musculoskeletale klachten (musculoskeletal complaints; MSC) niet veroorzaakt 
door trauma of systeemziekten. De prevalentie van MSC bij Nederlandse mensen met ULA 
is onbekend. Ook de kenmerken van MSC in deze populatie en de gevolgen er van op 
lichamelijke beperkingen, werkparticipatie en –productiviteit zijn niet bekend. ULA, de 
gevolgen van ULA op lichaamsfuncties en -structuren, en het vóórkomen van MSC kunnen 
van invloed zijn op iemands activiteiten en capaciteiten. Een functional capacity evaluation 
(FCE) kan worden gebruikt om de invloed van lichaamsfuncties en –structuren op activiteit 
te meten. Een FCE bestaat uit meerdere testen en observaties en bepaalt, op een objectieve 
manier, de mogelijkheden van de persoon die wordt geëvalueerd om te functioneren in 
verschillende omstandigheden, meestal werk. FCEs zijn ontwikkeld voor tweehandige 
mensen. Om de functionele capaciteit van mensen met ULA te kunnen meten, is de 
ontwikkeling van een FCE voor éénhandige mensen nodig. Aangezien ongemakkelijke 
houdingen een risicofactor zijn voor MSC, is een kwalitatief scoresysteem voor het 
beoordelen van compensatiebewegingen nodig.  

 
De belangrijkste doelstelling van dit proefschrift is om de gevolgen van ULA, door 

RD of AA, op de overige lichaamsstructuren en –functies, de ontwikkeling en kenmerken 
van MSC en functionele capaciteitvan mensen met ULA te onderzoeken.  

 
In hoofdstuk 1 worden de onderwerpen die worden besproken in dit proefschrift 

geïntroduceerd. Verder wordt in dit hoofdstuk de probleemanalyse leidend tot dit 
proefschrift, de doelstellingen en de hoofdlijnen van dit proefschrift gepresenteerd.  

 
De eerste studie wordt beschreven in hoofdstuk 2. Deze prospectieve cohortstudie 

bestond uit metingen van de bovenarmen, romp en wervelkolom van kinderen in de leeftijd 
van acht tot 18 jaar, met een transversaal RD van de bovenste extremiteit. De metingen 
werden 24 jaar later herhaald. Tijdens de metingen werden de patiënten gematcht op 
leeftijd en geslacht met controlepersonen met twee complete armen. Zowel tijdens de eerste 
meting als bij follow-up, werden bij de patiënten wel intra-individuele verschillen van 
structuren van de arm en romp gevonden, maar niet bij de controlepersonen. 
Standsafwijkingen van de wervelkolom waren groter in de patiëntengroep vergeleken met 
de controlegroep, maar ontwikkelden zich niet tot klinisch relevante scoliose. Verder 
vulden de patiënten en controlepersonen een vragenlijst in over rugklachten (eerste meting) 
en aanwezigheid van chronische pijn in de afgelopen week en lichamelijke beperkingen 
(follow-up meting). De prevalentie van zowel rugklachten als chronische pijnklachten 
verschilden niet tussen patiënten en controlepersonen.   

 



  
 

 

Voor de tweede studie werd een vragenlijst ontwikkeld. Deze vragenlijst informeerde 
naar gezondheid, aanwezigheid van MSC, lichamelijke beperkingen, en werkparticipatie en 
–productiviteit. De vragenlijst werd verspreid onder mensen met ULA in Nederland en 
werd beantwoord door 263 mensen van 18 jaar of ouder. Ook een controlegroep 
vanvergelijkbareleeftijd en geslacht beantwoordde de vragenlijst. De resultaten van deze 
studie worden gepresenteerd in hoofdstuk 3 en 4.  

 
In hoofdstuk 3 wordt de aanwezigheid van MSC en lichamelijke beperkingen 

onderzocht. De punt- en jaarprevalentie van MSC was twee keer zo hoog bij mensen met 
ULA vergeleken met de controlegroep. MSC bevonden zich vooral in de niet-aangedane 
arm en hoge rug/nek. Aanwezigheid van MSC was gerelateerd aan verminderde 
gezondheidsbeleving en verminderde mentale gezondheid. Een logistische regressie-
analyse gaf de volgende klinisch relevante voorspellers voor aanwezigheid van MSC: 
middelbare leeftijd, weduw(e)(naar)/gescheiden zijn en verminderde mentale gezondheid. 
Wanneer MSC aanwezig waren, ervoeren mensen met ULA grotere lichamelijke 
beperkingen vergeleken met de controlegroep. Grotere lichamelijke beperkingen waren 
gerelateerd aan hogere leeftijd, meer pijn, verminderde algemene en mentale gezondheid en 
het niet gebruiken van een prothese.  

 
Mensen in de leeftijd van 18 tot 65 jaar (officiële pensioenleeftijd in Nederland) 

(n=207) werden geïncludeerd in de analyses van werkparticipatie en –productiviteit. Deze 
analyses worden gepresenteerd in hoofdstuk 4. Van alle mensen met RD en AA hadden 
respectievelijk 74% en 57% betaald werk. Werkparticipatie werd voorspeld door mannelijk 
geslacht, jongere leeftijd, een gemiddeld of hoog onderwijsniveau, prothesegebruik en 
goede algemene gezondheid. Aanwezigheid van MSC verschilde niet tussen mensen met en 
zonder betaald werk. Werkproductiviteit was voor mensen met RD, AA en voor 
controlepersonen gelijk, maar werd negatief beïnvloed door MSC-gerelateerde pijn.  

 
In de daaropvolgende hoofdstukken wordt de ontwikkeling, testen, meten van de 

betrouwbaarheid van een FCE voor mensen met ULA en de ontwikkeling van een 
kwalitatief scoresysteem voor het beoordelen van compensatiebewegingen beschreven. 
Eerst wordt de ontwikkeling en het testen van de functional capacity evaluation – One-
Handed (FCE voor éénhandigen; FCE-OH) beschreven (hoofdstuk 5). De testen van de 
FCE-OH werden geselecteerd uit een FCE voor mensen met werk-gerelateerde 
aandoeningen van de bovenste extremiteit, en werden waar nodig aangepast voor gebruik 
door éénhandige mensen. Tien mensen met transradiale ULA (zeven mannen, drie 
vrouwen; allemaal gebruikten een prothese) en tien mensen met transhumerale ULA 
(allemaal mannen; niemand gebruikte een prothese tijdens het testen) voerden de testen uit. 
Ze werden gematcht op leeftijd, geslacht, lengte en gewicht met tweehandige 
controlepersonen, die dezelfde testen uitvoerden. Mensen met transhumerale ULA konden 
minder gewicht tillen vergeleken met de gematchte controlepersonen, wanneer die laaste 
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groep werd toegestaan om beide handen te gebruiken. Echter, wanneer zij ook éénhandig 
moesten tillen, was de tilcapaciteit gelijk. Er was een sterke trend voor een lagere 
tilcapaciteit voor mensen met transradiale ULA, die tilden met hun niet-aangedane hand en 
prothese hand, vergeleken met de gematchte controlepersonen, die tilden met twee gezonde 
handen. De mensen met transhumerale ULA scoorden slechter op de overhead working test 
(bovenhands werken test) vergeleken met de gematchte controlepersonen. De uitkomsten 
van de andere testen verschilden niet tussen de mensen met ULA en de gematchte 
controlepersonen. In dit hoofdstuk wordt geconcludeerd dat de FCE-OH kan worden 
gebruikt bij éénhandige mensen, en dat mensen met ULA over het algemeen gelijke 
functionele capaciteit hebben als tweehandige mensen. De hypothese wordt gesteld dat  een 
hogere fysieke belasting van de niet-aangedane arm van mensen met ULA mogelijk een 
relatief tekort aan functionele capaciteit betekent.  

 
 In hoofdstuk 6 wordt het onderzoek naar de test-hertestbetrouwbaarheid en 

veiligheid van de FCE-OH gepresenteerd. Drieëntwintig mensen met ULA voerden de 
FCE-OH twee keer uit; de meerderheid van deze mensen was van het mannelijk geslacht 
(n=20), had een transradiale ULA of polsexarticulatie (n=20), en had een verworven 
amputatie (n=22). De mediane tijd tussen beide sessies was twee dagen. De test-
hertestbetrouwbaarheid was goed of excellent voor vijf van de achtonderdelen van de FCE-
OH. De overeenstemming (agreement) van vier testen werd vergeleken met de 
overeenstemming van dezelfde testen wanneer uitgevoerd door tweehandige gezonde 
personen. Drie van de vier testen toonden vergelijkbare breedte van grenzen van 
overeenstemming (limits of agreement). De FCE-OH werd veilig bevonden mits de juiste 
voorzorgsmaatregelen worden getroffen.  

 
Video-opnames van de mensen die de FCE-OH testten (hoofdstuk 5) werden gebruikt 

om een kwalitatief scoresysteem te ontwikkelen voor compensatiebewegingen van de romp 
en schouders van mensen met transradiale ULA tijdens het uitvoeren van FCE-OH testen 
(hoofdstuk 7). Een beweging die verschilde van de bewegingen gemaakt door 
controlepersonen werd beschouwd als een compensatiebeweging. In verschillende fasen 
werd het scoresysteem ontwikkeld, getest en aangepast. Om de betrouwbaarheid te 
onderzoeken werden FCE-experts (n=12) en fysiotherapeuten en gangbeeldanalisten (n=6) 
gevraagd om de video-opnames van de mensen met ULA twee keer te beoordelen, met een 
tussenpoos van twee weken. Interbeoordelaars betrouwbaarheid was voldoende in de 
meeste gevallen, en intrabeoordelaar betrouwbaarheid was goed. De haalbaarheid 
(feasibility) werd vastgesteld. Beoordelaars stelden een kort trainingsprogramma voor om 
de haalbaarheid verder te verbeteren.  

 
Tenslotte wordt in hoofdstuk 8 de belangrijkste resultaten van de 

hierbovengenoemde studies bediscussieerd. Er wordt geconcludeerd dat ULA meer 
betekent dan het missen van een arm en hand; het heeft ook invloed op de overige 



  
 

 

lichaamsfuncties en –stucturen, zoals asymmetrie van lichaamshelften en 
bewegingsbeperking van de schouder. Mensen met ULA ervaren frequent MSC, wat wordt 
geassocieerd met meer pijn vergeleken met tweehandige personen met MSC, klachten op 
meerdere plekken, langere duur van klachten en toegenomen lichamelijke beperkingen. 
Aanwezigheid van MSC was niet geassocieerd met werkparticipatie, maar MSC-
gerelateerde pijn was de belangrijkste voorspellervoor werkproductiviteit. Functionele 
capaciteit van mensen met ULA lijkt vergelijkbaar te zijn met die van tweehandige mensen. 
Er wordt verondersteld dat dit mogelijk een relatief tekort van capaciteit betekent, 
aangezien mensen met ULA een hogere fysieke belasting hebben. De FCE-OH en het 
kwalitatieve scoresysteem voor compensatiebewegingen kunnen een belangrijke 
toevoeging zijn aan de patiëntenzorg.  
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