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 10 | Chapter 1 

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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