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ABSTRACT ARTICLE HISTORY
Purpose: To determine prevalence of musculoskeletal complaints (MSCs) in adults with major ~ Received 16 February 2023
congenital upper limb differences (CoULD) compared to able-bodied controls, and to examine  Revised 25 October 2023
associations of MSCs and disability with various biopsychosocial factors. Accepted 28 October 2023
Materials and methods: Questionnaire-based cross-sectional study assessing MSCs, disability (using KEYWORDS

the Disabilities of the Arm, Shoulder and Hand questionnaire (DASH)), general and mental health Congenital; upper extremity;
status, physical work demands, and upper extremity range of motion. pain; disability; rehabilitation
Results: Seventy-one individuals with CoULD (participation rate: 41%) and 71 controls matched on

age, gender, and education were included (49% female, mean age 28.9 years). Year prevalence of

MSCs was significantly higher in the CoULD group (35%) than in the control group (18%). The CoULD

group was less often employed and had lower scores on all measures of upper limb range of motion

and hand grip. MSCs were associated with higher DASH scores and higher reported work demands.

Disability was associated with female gender, more joints with limited range of motion, unemployment,

and lower general and mental health. Factors associated with disability did not differ between groups.

Conclusions: MSCs are a frequent problem in young adults with major CoULD. To prevent or reduce

MSC and disability, clinicians and researchers should be aware of the associated factors.

> IMPLICATIONS FOR REHABILITATION

The year prevalence of musculoskeletal complaints (MSCs) in those with major congenital upper
limb differences (CoULD) was approximately double to that of the control group, implying a potential
relationship between CoULD and MSCs.

Rehabilitation professionals should develop personalized strategies to manage work demands in
those with CoULD, considering the association between MSCs and higher reported work demands.
Recognizing the impact of a negatively perceived body image on mental health, clinicians should
integrate psychological counseling into rehabilitation treatments to support mental well-being and
improve overall quality of life in those with CoULD.

Rehabilitation professionals should educate individuals with CoULD about the potential associations
between upper limb work demands, MSCs, and disability.

Introduction functioning with CoULD are limited to children. Interestingly, chil-
dren and adolescents with CoULD appear to have almost normal
participation in society, even though there can be considerable
physical limitations or disability [5]. A Swedish survey showed
that young adults with congenital limb differences (mostly uni-
lateral transverse below elbow, but also longitudinal and lower
extremities) function well [1]. They had normal employment and

A missing, incomplete, or dysplastic hand or arm at birth is
referred to as congenital upper limb anomaly, deficiency, or dif-
ference [1]. These congenital upper limb differences (CoULD) are
rare, with a prevalence ranging between 10 and 30/10 000 [1-3].
Severity of CoULD can range from relatively minor differences

such as clinodactyly to major transversal or longitudinal deficien- . . ) )
cies, such as a cleft hand [4]. They can occur uni- or bilaterally, education compared to the general Swedish population and their

as part of a syndrome or together with other anomalies [3]. general health was reported to be good to very good. However,

Since almost every daily activity requires a form of hand func- @ cross-sectional Norwegian study among adults with CoULD
tion, COULD can impact functioning considerably. Therefore, chil- ~ (transverse and longitudinal) reported a lower health-related qual-
dren with CoULD are often followed-up by a pediatrician and/or ity of life and more bodily pain compared to able-bodied indi-
rehabilitation physician during childhood, monitoring functioning, ~ viduals [6]. In a Dutch survey, individuals with a transverse
and managing limitations. As a result, most studies focusing on reduction deficiency experienced significantly more often
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musculoskeletal complaints (MSCs) compared to individuals with-
out a transverse reduction deficiency (year prevalence of MSCs
of 65% vs. 34%, respectively) [7]. Predictors for MSCs in individuals
with transversal reduction deficiencies were: higher age, and lower
mental and general health [7].

To our knowledge, no previous studies were conducted aimed
at prevalence of MSCs and disability in adults with CoULD other
than transverse type in the Netherlands. To provide better care for
these individuals, more insight is needed on prevalence of MSCs and
their effects. Generally, MSCs are related to a higher use of long-term
healthcare services [8]. Prevention or early detection and treatment
of MSCs may avoid disability, morbidity, and healthcare costs. Various
biopsychosocial factors associated with MSCs have been identified
in northwestern European working populations, such as increased
psychosocial stress or lack of social support, awkward positions, and
repetitive compensatory movements [9-13]. MSCs combined with
the existing limitations can cause challenges in work participation
and overall general and mental health [14]. Asymmetric postures,
overuse and/or compensatory movements of the residual limb(s) of
individuals with CoULD probably make them more prone to these
psychological and biomechanical risk factors [15,16].

Most studies on congenital differences predominantly focus
on transverse defects. In this way, specific information about other
congenital limb anomalies is underreported. Our aim was to focus
on “major” congenital limb differences besides transverse defects
such as cleft hand or ulnar longitudinal deficiency.

The aims of this study were: (1) to determine the prevalence
of MSCs in adults with major CoULD and in a group of individuals
without CoULD (controls), and (2) to examine associations of MSCs
and disability in the whole study with various biopsychosocial
factors, such as joint mobility of the residual limb(s), reported
limitations in functioning, work demands and general and mental
health, in persons with CoULD and controls.

We hypothesize that individuals with major CoULD with a
restricted function of one or both upper extremities are more
likely to develop MSCs than able-bodied individuals.

Materials and methods
Design and setting

A questionnaire-based cross-sectional study comparing the study
group with a control group was performed in 2018-2019. The 12
rehabilitation centers in the Netherlands that are treating individuals
with CoULD were asked to provide a conclusive list of all individuals
diagnosed with a major CoULD that had visited their Department
of Rehabilitation Medicine. Three centers provided a list with pos-
sible participants: The Erasmus Medical Center in Rotterdam, De
Hoogstraat Rehabilitation in Utrecht and the University Medical
Center Groningen. These centers are the three main tertiary referral
centers for patients with CoULD in the Netherlands. Ideally, all
children with CoULD are referred to a rehabilitation physician by
the pediatrician or general practitioner, and seen at least once in
a rehabilitation center. However, it cannot be known for certain
that all children are referred to a tertiary rehabilitation center.

The other nine centers could not provide a list with eligible
participants, since they hardly treated individuals with CoULD or
could not trace them in their registries.

Procedure

Between March and November 2018, eligible individuals were
identified from the data registries of the mentioned centers. A

control group matched on gender, age (+3 years), and education
(lower = middle vocational education or lower; higher = voca-
tional education or higher) was assembled between June 2019
and February 2020 among acquaintances of the researchers.

All eligible individuals were invited to fill out a questionnaire
in November 2018. Fourteen days later, a reminder was sent to
individuals who had not yet responded. A 10euro gift voucher
was sent to all participants who completed the questionnaire. In
case of missing answers, the relevant questions were returned to
the participant, with the request to answer these questions.

Inclusion criteria

We included individuals who had visited a rehabilitation center
because of “major” CoULD (unilateral or bilateral), were 18 years
or older on 1 November 2018 and had sufficient knowledge of
the Dutch written language to fill in a questionnaire. As no defi-
nition of “minor” and “major” CoULD existed, we made a selection
based on the Oberg, Manske, and Tonkin Classification of con-
genital anomalies of the hand and upper limb [15]. A diagnosis
was qualified as “major” CoULD, when it was expected that it
could limit the function of shoulder, elbow, wrist, and/or thumb,
based on expert opinion of the last author, a rehabilitation phy-
sician, who has been working with individuals with CoULD for
more than 20 years. The list of included diagnoses is shown in
Appendix 1.

Exclusion criteria

We excluded individuals with solely minor congenital differences
(Appendix 1): e.g., polydactyly, triphalangeal thumb, syndactyly,
camptodactyly, thumb in palm deformity, clinodactyly, Kirner’s
deformity, synostose/symphalangism, congenital trigger digits, and
reduction defects due to tumours, because of feasibility reasons
and since we expected minimal to no disability in these individ-
uals. We also excluded individuals with transversal reduction
defects since these individuals had previously been investigated
by our research group [7]. Although (congenital) tumours can
cause major disability, we have excluded this group because (1)
tumours with significant impact on upper extremity function
mostly lead to amputation (e.g., transverse defect) [16]; (2) the
malignancy itself and cancer treatment may cause additional
health problems confounding the individuals’ functioning.

Ethics

The local medical ethics committee decided that no formal ethical
approval was necessary for this study (study number: 201500238).

Questionnaire

A modified version of a questionnaire previously developed for
research in transverse upper limb reduction deficiency was used [7, 16].
It was assessed and pilot tested by field experts, fellow researchers,
and a patient with a longitudinal upper limb reduction deficiency.
The current questionnaire included the following elements.

CoULD-specific characteristics

Participants with CoULD were asked for the specific diagnosis/
type of CoULD (if known), affected side, affected joints and/or
bones and possible associated syndromes. Participants with CoULD
were asked if they used a prosthesis.
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The remainder of the questionnaire was identical for the CoULD
and control group.

Participant characteristics

Date of birth, gender, civil status, education, hand dominancy,
and possible previous surgery on the upper extremities were
asked for. Also, employment status was asked for and, if employed,
participants were asked to evaluate their work productivity.

Work productivity was assessed using the Quality-Quantity
method (QQ-method), which was developed to measure the con-
sequences of illness for work productivity. First participants are
asked to indicate on a Visual Analogue Scale (VAS) scale from 1
to 10 how much work they actually performed during regular
hours compared with the no-illness situation (quantity scale).
Second, the quality of the work performed on a day is indicated
on a VAS scale from 1 to 10 (quality scale). Multiplication of the
quantity and quality components results in a QQ-score, which
provides an indication of total performance, translating qualitative
into quantitative losses (scoring range 1-100, a higher score indi-
cating higher work quantity and quality) [17].

Physical work demands were assessed using the Revised Upper
Extremity Work Demands (UEWD-R) Scale. This six-item questionnaire
evaluates workload of the upper extremities such as: intensity, awk-
ward body postures, and repetitive movements (scoring range 6-24,
a higher score represents a higher workload of the upper extremities).
The UEWD-R is valid and reliable; (intra-class correlation coefficient
(ICC) = 0.79) [18]. Sick leave and sick leave hours were asked.

Musculoskeletal complaints
MSCs, complaints such as pain, stiffness, and tingling of the muscles,
ligaments, bones, nerves, and/or joints, were asked for. The question
was formulated in such a way that MSCs were made clearly dis-
tinguishable from complaints related to an accident, infection,
sports injury, joint disease, stump pain, or phantom limb pain (see:
Appendix 2). Point prevalence of MSCs was operationalized as the
proportion of participants with MSCs in the past 4 weeks, and year
prevalence of MSCs as the proportion of participants with MSCs in
the past year (during a period of at least four consecutive weeks).
If participants reported MSCs, they were asked to answer additional
questions about the characteristics and treatment of their MSCs.
For the location of MSCs, we used the image provided in the Dutch
Musculoskeletal Questionnaire (DMQ) (see Appendix 3). On this
image, participants can point out the exact location of their com-
plaints. To reach a sufficient power for the statistical analyses, we
combined the following regions: lower and upper back; shoulder
and elbow; forearm and hand. DMQ is a questionnaire for the
analysis of musculoskeletal workload and associated potential haz-
ardous working conditions as well as musculoskeletal symptoms in
worker populations [19].

Furthermore, intensity of bodily pain (not related to MSCs)
during the last 4 weeks was assessed using a VAS (range 0-10),
with a higher score indicating more pain.

Pain-related disability

All participants who experienced pain because of MSCs were
asked to answer the Pain Disability Index (PDI). The PDI measures
the degree daily life is disrupted by chronic pain [20]. Outcomes
of the answers were summed up to a score ranging from 0 to
70. A higher score indicates more disability. The PDI is a valid
and reliable tool (Cronbach’s alpha = 0.65-0.89 and test-retest
reliability (ICC) = 0.78) [21].

Disability

The Disability of Arm, Shoulder, and Hand Dutch Language
Version (DASH-DLV) was included to assess disability related to
hand function. The DASH is a 30-item, self-report questionnaire
designed to measure physical function and symptoms in patients
with musculoskeletal disorders of the upper limb. Each item can
be scored on a five-point Likert scale (1: no difficulties, 5:
unable). Outcomes of the answers were transformed to a score
of 0-100. A higher score indicates more disability. The DASH-DLV
is a reliable and valid instrument for assessing disability and
symptoms (Cronbach’s alpha = 0.95 and test-retest reliability,
Pearson’s r = 0.98) [22].

Health status

The participants’ health status was measured using three subscales
of the Dutch RAND 36-Item Health Survey: Bodily Pain, General
Health, and Mental Health [23,24]. The RAND-36 is a set of
self-reported quality-of-life measures, almost the same as the MOS
SF-36 [23,24]. Item scores were transformed to a 0-100 scale, with
a higher score indicating better perceived health or less pain. The
RAND-36 for health status is a valid and sensitive measure
(Cronbach’s alpha = 0.81-0.88 and test-retest reliability
(ICC) = 0.47-0.82) [25].

Comorbidity was categorized as: joint diseases (e.g., osteoar-
thritis, rheumatoid arthritis); circulatory diseases (e.g., heart-/vessel
disease, high blood pressure); diabetes; pulmonary diseases;
or other.

Appearance of the hand(s)

Participants were asked whether they found the appearance of
their upper limb(s) disturbing, using a six-point Likert scale, where
1 reflected not disturbing at all and 6 reflected very disturbing [7].

Upper extremity function

Active joint movements of both limbs were assessed using
self-developed rating scales. The movements were illustrated
using pictures (see Appendix 3). Movements were abduction and
external rotation of the shoulder, flexion and extension of the
elbow, flexion and extension, ulnar and radial deviation of the
wrist. The answers were dichotomized; with 0 representing: full
range of motion possible; and 1: restricted range of motion.
Absent joints were scored as 1. The total number of joints with
restricted range of motion was summed up to determine the
number of joints with limited range of motion (scoring range
0-8 per side).

Hand grip was assessed as follows: participants were asked if
they could perform nine functional hand grips (opposition grip,
lateral pinch, tip pinch, cylindrical grip, side-to-side grip, with and
without use of the thumb, tripod pinch, hook grip, and spherical
grip). These hand grips were illustrated using pictures (see:
Appendix 3). For each handgrip, participants could answer on a
four-point Likert-scale: 1: no difficulties in performing the move-
ment, 2: can perform the movement, but with some difficulty, 3:
cannot perform the entire movement, and 4: cannot perform the
movement at all. A total grip score was calculated for left and
right hand separately and converted to a percentage of the max-
imum possible score as follows: 100 — (total score — 9)/27) x 100%.
In addition, a total score for both limbs combined was calculated,
ranging from 18 to 72, and converted to a percentage of the
maximum possible score: (total score — 18)/54) x 100%. A higher
score indicates a better hand grip. Validity of this method is not
established yet.
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Statistical analysis

Missing values for the DASH- and RAND-36-subscales were handled
according to the manual of the respective questionnaires [26,27].
For the PDI and UEWD-R, a maximum of 1/7 and 1/6 missing items,
respectively, were allowed and corrected for. Correction was done
by imputing the mean of the answered items. In case of more
missing items than allowed for, the score for that specific subscale
was considered as a missing, and data-analysis was performed with
listwise deletion. SPSS for Windows (version 23.0; SPSS Advanced
Statistics, Chicago, IL) was used for data analyses. Categorical data
were analysed with a Chi-square test and Cramer’s V for determining
the strength of association between variables and r as effect sizes
were determined. For the year prevalence of MSCs, an odds ratio
was determined. Continuous data were checked for normality by
visual examination of QQ-plots and by interpretation of skewness
and kurtosis statistics (both <1 was considered as a normal distri-
bution). The normally distributed continuous variables were

Table 1. Characteristics of the studied population.

described with mean and standard deviation (SD) and analysed
with an independent sample t-test. The test value (t), 95% confi-
dence interval and effect size (by computing Cohen'’s d) were cal-
culated. If data were not normally distributed, they were described
with median and interquartile ranges (IQRs) and Mann-Whitney’s
U-test was used, and test statistic (U) and effect size were deter-
mined. Effect sizes (r) for Mann-Whitney’s U-tests were calculated
by dividing the Z-score by the square root of the study size. An
effect size <0.3 was considered a small effect, 0.3-0.5 a medium
effect, and >0.5 a large effect [28]. To measure the ordinal associ-
ation between two measured quantities, Kendall’s tau rank correla-
tion coefficient (1) was used. Variables associated with the presence
of MSCs during the last year and with disability, represented by
the DASH scores, were determined with multivariable logistic and
linear regression analyses, respectively, using manual backwards
selection method based on the largest p values. First, all indepen-
dent variables from Tables 1-3 were univariately analyzed for their
association with the outcome variables and those with a p value

Characteristics CoULD (n =71) Controls (n = 71) Significance (p  Test statistics Effect size  Magnitude of
value) effect
Age 26.3 [21.5; 32.4] 27.2 [22.7; 32.2] 0.959 U = 2508.0 0.000  Nihil
Gender: male 29 (41%) 29 (41%) 1.000 X2 =00 0.000  Nihil
Education
Lower 6 (8%) 7 (10%) 0.957 x2=0.1 0.025  Small
Middle 43 (61%) 42 (60%)
Higher 22 (31%) 22 (31%)
Civil status 0.172 =18 0.115  Small
Single 46 (65%) 38 (53%)
Living together 25 (35%) 33 (47%)
Comorbidity 17 (24%) 10 (14%) 0.134 X =22 0.126  Small
Employment
Paid work 39 (55%) 49 (69%) 0.029 XX =47 0.183  Small
Working hours 32.0 [16.0; 38.0] 32.0 [21.0; 36.0] 0.860 U = 1907.5 —0.016  Small
Paid sick leave from job previous 5 (8%) 5 (7%) 0.834 X2 =0.1 0.019  Small
4 weeks
Sick leave hours 24.0 [8.0; 24.0] 27.0 [16.0; 30.0] 0.690 U = 1000 -0.168  Small
No work because:
Studying 23 (32%) 22 (31%)
Hand/arm problems 1 (1%) 0 (0%)
Disease (other than CoULD) 4 (6%) 0 (0%)
Job searching 2 (3%) 0 (0%)
Family care 2 (3%) 0 (0%)
Upper limb characteristics
Dominant hand
Left 21 (29%) 4 (6%)
Right 43 (61%) 65 (91%)
Ambidexter 7 (10%) 2 (3%)
Side of CoULD
Left 23 (32%)
Right 22 (31%)
Bilateral 26 (37%)
Surgery to hand or arm 46 (65%) 4 (6%) <0.001 X2 =544 0.619 Large
Hand grip score
Left 88.9 [51.9; 100.0] 100.0 [100.0; 100.0] <0.001 U = 9345 -0.629 Large
Right 96.3 [51.9; 100.0] 100.0 [100.0; 100.0] <0.001 U =1161.0 —0.560 Large
Total 77.8 [57.4; 94.4] 100.0 [100.0; 100.0] <0.001 U = 305.0 -0.816  Large
Limited active ROM
Left shoulder 13 (18%) 2 (3%) 0.003 xX2=9.0 0.252  Small
Right shoulder 13 (18%) 1 (1%) 0.001 xXX=114 0.283  Small
Left elbow 16 (23%) 0 (0%) <0.001 X2 =18.0 0.356  Medium
Right elbow 13 (18%) 0 (0%) <0.001 X2 =143 0.317  Medium
Left wrist 24 (34% 0 (0%) <0.001 X2 =288 0.451  Medium
Right wrist 23 (32%) 0 (0%) <0.001 X2 =274 0.440 Medium
Number of limited joints 1.0 [0.0; 2.0] 0 [0.0; 0.0] <0.001 U = 3849.0 0.569  Large

CoULD: congenital upper limb differences; ROM: range of motion; U: Mann-Whitney’s U-test; x% Chi-squared test.

The data are presented as: n (%) or median [interquartile range]. Hand grip score was assessed as follows: participants were asked if they could perform nine
functional hand grips (opposition grip, lateral pinch, tip pinch, cylindrical grip, side-to-side grip (with and without use of the thumb), tripod pinch, hook grip,
and spherical grip). These hand grips were illustrated using pictures. Each question could be answered on a four-point Likert scale: (1) no difficulties in performing
the movement, (2) can perform the movement, but with some difficulty, (3) cannot perform the entire movement, and (4) cannot perform the movement at all.
A total grip score was calculated for left and right hand separately and converted to a percentage of the maximum possible score as follows: 100 - (total
score — 9)/27) x 100%. In addition, a total score for both limbs combined was calculated, ranging from 18 to 72, and converted to a percentage of the maximum
possible score: (total score — 18)/54) x 100%. A higher score indicates a better hand grip. This method for scoring hand grip is not validated.
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Table 2. Prevalence and characteristics of MSCs in CoULD and control group.

Significance (p Magnitude of

CoULD (n =71) Controls (n = 71) value) Test statistics Effect size effect

Point prevalence MSCs 24 (34%) 16 (23%) 0.136 XX =22 0.125 Small
Year prevalence MSCs 25 (35%) 13 (18%) 0.023 X2 =52 0.191 Small
Location of complaints

Neck 16 (23%) 10 (14%) 0.193 XX=17 0.109 Small

Upper and/or lower back 16 (23%) 10 (14%) 0.193 xXX=17 0.109 Small

Shoulder and/or elbow left 12 (17%) 6 (9%) 0.130 =23 0.127 Small

Shoulder and/or elbow right 16 (23%) 10 (14%) 0.193 xX=17 0.109 Small

Arm and/or hand left 13 (18%) 5 (7%) 0.044 X =41 0.169 Small

Lower arm and/or hand right 12 (17%) 5 (7%) 0.070 X =33 0.152 Small

No. of regions with complaints 0.0 [0.0; 2.0] 0.0 [0.0; 1.0] 0.049 U =2927.0 0.160 Small
Type of complaints

Pain 26 (37%) 16 (23%) 0.811 x> =0.1 0.034 Small

Stiffness 14 (20%) 12 (17%) 0.260 =13 0.161 Small

Tingling 13 (18%) 2 (3%) 0.015 X2 =59 0.347 Medium

Muscle weakness 9 (13%) 2 (3%) 0.111 xXX=25 0.227 Small
Duration of complaints 0.541 xX2=22 0.210 Small

<1 months 2 (3%) 3 (4%)

1-3 months 4 (6%) 3 (4%)

3-12 months 4 (6%) 4 (6%)

>12 months 20 (28%) 9 (13%)
Healthcare use 18 (25%) 11 (15%) 0.884 x> =0.1 0.021 Small
Bodily pain score (VAS) 1.0 [0.0; 4.0] 0.0 [0.0; 1.0] 0.051 U = 29725 0.164 Small
PDI 10.0 [1.0; 29.0] 4.0 [1.0; 13.0] 0.383 U = 306.0 0.127 Small

MSCs: musculoskeletal complaints; CoULD: congenital upper limb differences; x* Chi-squared test; U: Mann-Whitney’s U-test; No.: number; PDI: Pain Disability Index.
The data are presented as n (%) or median [interquartile range]. Data on PDI are based on: n = 47. Nine participants without MSCs accidentally filled out the PDI.

Table 3. Health, disability, and work outcomes in CoULD and control group during the last four weeks.

Significance (p Magnitude of

CoULD (n =71) Controls (n = 71) value) Test statistics Effect size effect
DASH 10.0 [3.3; 26.7] 1.7 [0.0; 3.3] <0.001 U = 4120.0 0.553 Large
RAND-36 General health 75.0 [55.0; 95.0] 90.0 [70.0; 95.0] 0.007 U = 1865.5 -0.226 Small
RAND-36 Mental health 68.0 [60.0; 72.0] 72.0 [68.0; 76.0] 0.002 U = 17525 —-0.265 Small
RAND-36 Bodily pain 20.4 [0.0; 42.9] 0.0 [0.0; 40.8] 0.027 U = 30385 0.186 Small
Disturbed by appearance arm/hand <0.001 X2 =447 0.561 Large
Never/rarely 41 (58%) 69 (97%)
Sometimes 20 (28%) 2 (3%)
Often/continuously 10 (14%) 0 (0%)
Q-Q work productivity 100 [64.0; 100.0] 100.0 [100.0; 100.0] 0.003 U = 1560.0 —-0.263 Small
UEWD-R 122 + 41 123 £ 3.7 0.894 t=20.1° 0.023 Small

CoULD: congenital upper limb differences; U: Mann-Whitney’s U-test; % Chi-squared test; t = t value of Student’s t-test; 95% Cl: 95% confidence interval; DASH:
Disability of Arm, Shoulder and Hand; RAND-36: RAND 36-Item Health Survey; Q-Q: quality quantity; UEWD-R: Revised Upper Extremity Work Demand Scale.

The data are presented as: median [interquartile range] or n (%) or mean =+ standard deviation. For variables where Chi-squared test is used, Cramer’s V is given
as effect size. For variables where Mann-Whitney’s U-test is used, effect size is calculated by dividing the Z-score by the square root of the study size. For variables

where Student’s t-test is used, effect size is calculated by Cohen’s d.
295% Cl = -1.47; 1.28.

<0.1 were selected for multivariable analyses. After main effects
were determined in the multivariable analyses, interaction effects
were explored and if p = 0.1 they were removed from the model.
A p value < 0.05 was considered statistically significant.

Results

In total, 176 surveys were sent to potential participants with
CoULD. Seven surveys were returned to sender because of an
incorrect address. Five participants denied participation and one
survey was a duplicate, of which the first survey that was
returned, was used. Seventy-one surveys (participation rate 41%)
were eligible for analysis; the remaining individuals did not reply.
Among the 105 individuals not included in the study, 52 were
women and the median age of this group was 26.9 years [IQR:
22.8; 34.7]. In total, 73 surveys were sent to eligible participants
of the matched control group. Seventy-one surveys were suitable
for analysis (participation rate 97%). The characteristics of the
study population (CoULD and controls) are presented in Table 1.

Of the participants with “major” CoULD, 32% was affected
on the left side, 31% on the right side, and 37% was bilaterally
affected. Based on the OMT-classification, they had the fol-
lowing upper limb differences: radial longitudinal deficiency
(n = 13); symbrachydactyly (no forearm/arm involvement)
(n = 12); ulnar longitudinal deficiency (n = 10); distal arthro-
gryposis (n = 9); symbrachydactyly (with forearm/arm involve-
ment) (n = 8); cleft hand (n = 5); both ulnar and radial
longitudinal deficiencies (n = 5); Poland syndrome (n = 3; all
with longitudinal deficiencies of arm and/or hand); brachy-
dactyly (n = 1); aberrant flexor/extensor/intrinsic muscle
(n = 1); macrodactyly (n = 1), phocomelia (due to softenon;
bilateral longitudinal deficiencies) (n = 1); not otherwise spec-
ified (n = 2).

The CoULD group was less often employed than the control
group, had had surgery of the arm/hand more frequently and
had lower scores on all measures of upper limb hand grip and
active range of motion (Table 1). Three participants with CoULD
use a (myoelectric) prosthesis.
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Prevalence and characteristics of MSCs

Year prevalence of MSCs was significantly higher in the CoULD group
(35%) than in the control group (18%); odds ratio 1.8 (Table 2). MSCs
were most often located in the neck, upper, and/or lower back, and
the right shoulder and/or elbow. Pain was the most frequent com-
plaint in both groups. Tingling was more often reported by the
CoULD group. In both groups, the duration of MSCs was often
>1 year. Participants with CoULD did not differ significantly in
MSC-related healthcare consumption compared to the control group.
When comparing participants with CoULD with MSCs and controls
with MSCs, no significant differences in PDI score were found.

Health, disability, and work outcomes

The CoULD group experienced more disability in upper limb function
(higher DASH scores) and lower mental and general health (RAND-36
scores), compared to the control group (Table 3). They were also
more often disturbed by the appearance of their hand and/or arm.
Presence at work and work productivity (QQ-method) were signifi-
cantly lower in the CoULD group. There were no significant differ-
ences between the CoULD group and controls regarding bodily pain
or experienced upper extremity work demands (UEWD-R).

Factors associated with MSCs and disability

Multiple variables were associated with year prevalence of MSCs
or disability (measured by the DASH score) in the total study
population (Tables 4 and 5).

Multivariable logistic regression analyses in the total study
population showed that the DASH score and UEWD-R score were
associated with MSCs (Table 6), meaning that those with higher
scores on the DASH and UEWD-R were more likely to experi-
ence MSCs.

Multivariable linear regression analyses showed that higher
disability was related to female gender, being unemployed, low
handgrip score, high number of joints with limited range of
motion, and low general and mental health (Table 6). Furthermore,
the combined effect of low mental and general health increased
disability. Individuals with paid work experienced less disability
due to limited range of motion of joints, compared to individuals
without paid work.

Discussion

The year prevalence of MSCs in the CoULD group was about twice
as high as in the control group. The hypothesis that these indi-
viduals are more likely to develop MSCs due to a restricted func-
tion of the upper extremities is not directly supported by this
study since MSCs and restricted hand function were not associated
in the logistic regression analysis. However, we found an indirect
association. A more severely restricted hand function reflected by
a higher number of joints with limited range of motion (large
effect size) and a lower hand grip strength (large effect size), were
associated with disability (DASH scores, which were much higher
in the CoULD group), while disability was found to be associated
with presence of MSCs. MSCs were also associated with higher
reported work demands of the upper extremity. Disability was

Table 4. Factors associated with year prevalence of MSCs in the studied population.

Individuals with MSCs Individuals without

Significance (p Magnitude of

(n = 38) MSCs (n = 104) value) Test statistics Effect size effect

Presence of CoULD 25 (66%) 46 (44%) 0.023 X2 =52 0.191 Small
Age 29.2 [24.9; 33.3] 25.3 [21.5; 31.8] 0.046 U = 2409.0 0.100 Small
Male gender 15 (40%) 43 (41%) 0.841 x> =0.1 0.170 Small
Civil status 0.339 x> =09 0.080 Small

Single 20 (53%) 64 (61%)

Living together 18 (47%) 40 (39%)
Education 0.603 =10 0.117 Small

Lower 5 (13%) 8 (7%)

Middle 22 (58%) 63 (61%)

Higher 11 (29%) 33 (32%)
Surgery of arm and/or hand 12 (32%) 38 (36%) 0.584 =03 0.046 Small
Comorbidity 10 (26%) 17 (16%) 0.180 =18 0.112 Small
Hand grip score 82.4 [50.0; 100.0] 100.0 [88.9; 100.0] <0.001 U =1168.0 —0.336 Medium
Limited active ROM

Left shoulder 8 (21%) 7 (7%) 0.014 XX =60 0.206 Small

Right shoulder 8 (21%) 6 (6%) 0.007 =73 0.227 Small

Left elbow 8 (21%) 8 (8%) 0.026 XX =49 0.187 Small

Right elbow 8 (21%) 5 (5%) 0.003 X2 =88 0.249 Small

Left wrist 11 (29%) 13 (13%) 0.021 XX =54 0.194 Small

Right wrist 11 (29%) 12 (12%) 0.013 X2 =62 0.209 Small
Number of joints with limited 0.5 [0.0; 2.0] 0.0 [0.0; 0.0] 0.001 U = 2551.0 0.278 Small

ROM
DASH 16.7 [2.5; 33.3] 2.5 [0.0; 7.5] <0.001 U = 2940.5 0.376 Medium
RAND-36 General health 68.0 [50.0; 95.0] 85.0 [70.0; 95.0] 0.006 U =1379.0 —-0.232 Small
RAND-36 Mental health 64.0 [52.0; 72.0] 72.0 [68.0; 76.0] 0.002 U =13120 —3.088 Large
Paid work 29 (76%) 69 (66%) 0.255 =13 0.095 Small

Work hours 30.0 [24.0; 36.5] 32.0 [19.0; 36.5] 0.282 U = 1568.0 0.025 Small
Sick leave 3 (9%) 7 (7%) 0.713 X2 =0.1 0.031 Small

Sick leave hours 24.0 [8.0; 30.0] 24.0 [8.0; 31.0] 0.817 U = 9500.0 0.258 Small
Q-Q evaluation 95.0 [49.0; 100.0] 100.0 [90.0; 100.0] 0.007 U =1196.0 —-0.237 Small
UEWD-R 13,5+ 49 118 £ 34 0.080 t=18 0.403 Medium

MSCs: musculoskeletal complaints; CoULD: congenital upper limb differences; CI: confidence interval; U:  Mann-Whitney’s U-test; = Chi-squared test; t: t value
of Student’s t-test; 95% Cl: 95% confidence interval; M.D.: mean difference; ROM: range of motion; No.: number; DASH: Disability of Arm, Shoulder and Hand;
RAND-36: RAND 36-Item Health Survey; Q-Q: quality quantity; UEWD-R: Revised Upper Extremity Work Demands Scale.

The data are presented as: n (%) or median [interquartile range] or mean =+ standard deviation. For variables where Chi-squared test is used, Cramer’s V is given
as effect size. For variables where Mann-Whitney’s U-test is used, effect size is calculated by dividing the Z-score by the square root of the study size.
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Table 5. Univariate analyses of factors associated with disability measured by
the DASH score within the total study population.

Significance (p Magnitude of

value) Test statistics  Effect size effect

CoULD <0.001 U = 2940.5 0.376  Medium
Age 0.871 7= 0.010
Gender 0.004 U= 31295 0.243  Small
Civil status 0.121 U = 2065.5 —0.130  Small
Education 0.412 T = —-0.057
Surgery <0.001 U = 31465 0.306  Medium
Comorbidity 0.001 U =21815 0.277  Small
Number of <0.001 T = 0.445

joints with

limited ROM
Hand grip score <0.001 T = -0.543
RAND-36 Mental <0.001 T =-0.295

health
RAND-36 <0.001 T=-0.333

General

health
Paid work 0.072 U=17515 —0.151 Small
Working hours/ 0.082 T=-0113

week
Sick leave last 0.311 U =691.0 0.090  Small

4 weeks
Hours of sick 0.583 T=-0.141

leave

CoULD: congenital upper limb differences; 1: Kendall’s Tau; U: Mann-Whitney'’s
U-test; No.: number; DASH: Disability of Arm, Shoulder and Hand; RAND-36:
RAND 36-Item Health Survey.

For variables where Chi-squared test is used, Cramer’s V is given as effect size.
For variables where Mann-Whitney's U-test is used, effect size is calculated by
dividing the Z-score by the square root of the study size.

also associated with female gender, employment, hand function,
and lower general and mental health.

Besides differences, there were also similarities between the
groups. For instance, there were no significant differences between
the CoULD group and controls on: working hours, sick leave, and
experienced work demands.

MSCs and disability

MSCs and age

The significantly higher year prevalence of MSCs in adults with
major CoULD compared to a group of able-bodied people is in
line with earlier findings in individuals with congenital transverse
differences [7]. Interestingly, the year prevalence of MSCs in the
CoULD group (35%) was similar to the year prevalence of MSCs
in the general Dutch population found previously (37%) [29], while
the prevalence in current control group was much lower. This
difference is probably related to the young age of our study
population. In a study among individuals with an upper limb
transverse reduction deficiency or amputation, higher age was
found to be associated with higher risk on MSCs [7]. In the current
study, the group of individuals who experienced MSCs were sig-
nificantly older than the group who did not experience MSCs
(difference in median age: 4 years).

Characteristics of MSCs, and its relation with health and work
Pain was the most reported type of MSC and MSCs were most
frequently located at the neck, back and right shoulder and/or
elbow. Individuals with CoULD were more often ambidextrous or
left-handed, compared to the control group. This finding suggests
that, in order to meet functional demands and compensate for
disability of the affected limb, presence of CoULD influences hand
dominance?

Table 6. Results of logistic regression analyses to predict year prevalence of
MSCs and linear regression analyses to predict disability measured with the
DASH score.

Significance  Odds

B S.E. (p value) ratio 95% Cl
MSCs?
DASH 0.082 0.021 <0.001 1.085 1.043; 1.130
UEWD-R 0.109 0.058 0.060 1.115  0.995; 1.250
Constant® -3.232 0.829 <0.001 0.039
DASH¢
Gender 4.541 1.572 0.005 1.433; 7.650
Paid work -5.152 1.686 0.003 —8.486; —1.817
Hand grip score -0.299  0.049 <0.001 -0.397; -0.202
RAND-36 Mental -0.173 0.077 0.026 —0.325; —0.020
health
RAND-36 General -0.164 0.042 <0.001 —0.247; —0.081
health
Number of joints 2.737 0.688 <0.001 1.377; 4.098
with limited ROM
RAND-36 Mental 0.009 0.003 0.007 0.002; 0.015
health x RAND-36
General health
Paid work X number  —4.627 0.975 <0.001 —6.555; —2.698
of joints with
limited ROM
Constantd 43.905 5.610 <0.001 32.809; 55.001

B: regression coefficient; SE: standard error; Cl: confidence interval; MSCs: mus-
culoskeletal complaints; DASH: Disability of Arm; Shoulder and Hand; UEWD-R:
Revised Upper Extremity Work Demands Scale; RAND-36: RAND 36-Item Health
Survey; ROM: range of motion.

The results of the linear regression analysis indicated that women had a higher
score (4.5) than men and that per joint with a restricted mobility the DASH score
was 2.7 points higher. Having paid work was associated with lower DASH scores
(5.1) and per point grip score the DASH score was 0.3 points lower. Additionally,
higher mental health scores and general health scores were associated with
lower DASH scores (0.2 per point on the RAND-36). The interaction term indicates
that the combined effect of mental health scores and general health scores was
somewhat higher: 0.009 per point of the product of mental and general health.
Additionally, the interaction term between paid work and number of joints with
a limited range of motion indicates that if you have paid work, the DASH score
is 4.6 point lower per affected joint. For the logistic regression analysis, the odds
ratio is the effect size, in the linear regression analysis, the regression coefficients
(B) is the effect sizes.

2Eighty-one percent was correctly predicted with the results of the logistic regres-
sion analysis.

bThe constant reflects the odds ratio of having MSCs for an individual with the
following features: DASH-score is 0 (indicating no disability) and UEWD-R is 6
(indicating low physical workload for the upper extremities).

R? of the total model was 0.737; residuals were normally distributed.

9The constant is the DASH score for an individual with the following features:
male gender, no paid work, hand grip score is 0, no limited range of motion of
joints and RAND-36 mental and general health score are both 0.

Despite their young age, the majority of the participants with
MSCs reported chronic complaints, lasting more than one year.
Combined with the relatively high prevalence, this chronicity also
exposes the potential impact of MSCs in these individuals and
on society. Most participants with MSCs, both those with CoULD
as well as the controls, sought care through some type of health-
care professional, which reflects a potential high burden for the
healthcare system. Furthermore, work productivity was negatively
affected by the presence of MSCs.

Participants with CoULD mentioned more bodily locations
affected by MSCs, compared to the control group. Nevertheless,
disability measured with the PDI did not differ between
both groups.

Disability

Regression analyses showed no main effect of presence of CoULD
on disability, indicating that this relatively young population seems
to function similar as able-bodied individuals, which conforms
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earlier findings in Norway (median age in this study: 39 years)
[30]. However, it is important to note that the Norwegian study
included more transverse than longitudinal defects (101 vs. 16).
Whether these findings also hold for older individuals with CoULD
could not be confirmed, since we did not include many elderly.
Disability related to upper limb function, measured with the DASH,
was significantly higher in the CoULD population than in the
controls. The association between CoULD and physical capabilities
was investigated by examining hand grip function and joint mobil-
ity. Individuals with CoULD had lower grip scores than controls
and had a higher number of joints with limited range of motion;
note that only three controls (without CoULD) had a limited range
of motion. These limitations in physical capabilities may explain
why individuals with CoULD experience higher disability in upper
limb functioning. This finding is in line with finding among sub-
jects with arthrogryposis, in which disability and pain is frequently
present [31,32].

MSCs were not only associated with higher upper limb related
disability, but also with higher upper limb related work demands.
Those with CoULD had less often paid work and lower work pro-
ductivity (as measured with the QQ-method). In the general Dutch
population, work disability among men and women is similar,
although younger women in the Netherlands seem to be more prone
to work disability due to mental problems [30, 33]. Given the young
mean age of our population, this could be an explanation for our
finding that only female gender was associated with disability.

Limited physical capabilities of the upper limbs may lead to
compensatory movements and awkward postures, which may
cause overuse and MSCs. However, the opposite may also be
applicable: presence of MSCs may lead to compensatory move-
ments and awkward postures in order to relieve the painful body
structures. High upper extremity work demands and disability
may inflict MSCs in the same manner, but MSCs may also lead
to an increase in the experienced level of work demands and
disability. Due to the cross-sectional design of our study, it is not
possible to unravel any causal relationships regarding work
demands, disability and MSCs. However, clinicians should be aware
of the fact that upper limb work demands are associated with
MSCs and disability and should therefore advise their patients
accordingly, preferably in an early phase of their life.

Participants with CoULD had more bodily pain and lower general
and mental health than the control group. With higher perceived
disability, general and mental health were perceived to be lower,
which is in line with previous research among individuals with trans-
verse reduction differences and acquired amputation of the upper
extremity in the Netherlands and CoULD in Norway [8, 19, 34].

Additionally, participants with CoULD were more often dis-
turbed by the appearance of their hand and/or arm. A negatively
perceived body image due to congenital differences was associ-
ated with lower mental health and quality of life in adolescents.
Many of those adolescents develop adequate coping strategies
but it is plausible that some adults still suffer from a negatively
perceived body image [35,36]. The attention of clinicians and
future research should be focused on mental and general health;
since these factors may potentially be influenced by an interven-
tion. Psychological counseling focusing at mental well-being and
perceived body image should therefore be part of the rehabilita-
tion treatment in individuals with CoULD.

Strengths and limitations of the study

This is one of few studies on functioning of adults with CoULD
[5-7, 14, 30, 34, 37,38]. Given the very low incidence of CoULD,

the sample size of the study group is respectable, but the CoULD
diagnoses of this group were heterogeneous, making it more
difficult to generalize results. The participation rate was sufficient
and similar to studies using postal questionnaires [39]. Matched
controls were used to eliminate confounding by gender, age, and
education. The matching was successfully established, as no dif-
ferences for these confounders were found when comparing par-
ticipants with CoULD and controls. The available registry of people
with CoULD at the UMCG went back until the 1970s, providing
a large age range among possible participants. In contrast, the
registry of the other participating centers went back until the
2000s, which led to relatively young potential participants.

It appeared to be hard to identify individuals with CoULD of
higher age, due to limitations in the registries of the participating
rehabilitation centers. The reported prevalence is probably an
underestimation of the true prevalence in all adults with CoULD,
due to our young study population (75% of participants had an
age <33 years). MSCs are known to be age-related with an
increase in prevalence around the fourth decade [7, 29, 40].
Preferably, our study should be repeated in a CoULD population
of higher age, since that would provide more insight into the
consequences of MSCs in this population. Development of MSCs
over time requires a longitudinal study.

Our inclusion criteria might have led to a selection bias. The
diagnoses that were selected as “major” CoULD were based on
expert opinion. There is no internationally accepted classification
regarding the severity of CoULD. In hindsight, two diagnoses
should not have been qualified as “major” CoULD: “aberrant flexor/
extensor/intrinsic muscle” and “brachydactyly”. We only included
two patients with these respective conditions. When repeating
the analyses without these two cases, similar outcomes were
found (outcomes are available on request to the corresponding
author). All rehabilitation centers in the Netherlands were con-
tacted to recruit people with these rare conditions. However, if
potential participants never visited a rehabilitation center they
could not be contacted for this research. This phenomenon may
have led to a selection bias but we expect that those who have
never visited a rehabilitation center are mostly the individuals
with minor CoULD. Furthermore, bias could have occurred by
using acquaintances, instead of random samples of individuals,
as matched control subjects. Some types of CoULD can cause
other major disabilities, for instance to the lower extremities; these
could possibly have influenced functioning and workload of the
upper extremities [1]. The use of self-developed rating scales to
measure the active range of motion of the joints and hand grips
may have compromised validity and reliability. Physical examina-
tion instead of asking after active range of joint motion and hand
grips would have been preferable, but was not feasible within
this study due to travel distances and a lack of resources.

Including all studied individuals in the multivariable regression
analysis allows to analyse whether MSCs and disability are related
to CoULD itself, or to its consequences, such as limited joint mobility.
Furthermore, it allows to control for confounding variables, for exam-
ple, mental health status, and the occurrence of mediation. The
included univariate analyses explain the associations further. Last,
including both groups in the analysis increases the statistical power.

For example, in the regression analysis to statistically predict
disability (depicted by DASH scores), we first entered CoULD (yes/
no) and a significant association was found. When the variable
“number of joints with restricted mobility” is entered, the associ-
ation disappears. This phenomenon is called mediation. It means
that the association between CoULD and higher DAHS scores is
completely explained by the number of restricted joints and that
the association is similar for CoULD as well as controls.
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Conclusions

The year prevalence of MSCs in adults with major CoULD was
twice as high as the year prevalence of MSCs in a matched group
of able-bodied people. MSCs were associated with higher upper
limb related disability and higher reported work demands of the
upper extremity. Disability was associated with female gender,
more joints with limited range of motion, worse hand grip, no
employment, and lower general and mental health.
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