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ABSTRACT

ARTICLE HISTORY

Purpose: To examine the impact of neonatal brachial plexus palsy (NBPP) on societal participation of ado-
lescents and adults.

Methods: This cross-sectional study was conducted among patients with NBPP, aged >16 years, who had
visited our NBPP clinic. Patients completed questions on the influence of NBPP on their choices regarding
education/work and their work-performance, the Impact on Participation/Autonomy questionnaire and the
Utrecht Scale for Evaluation of Rehabilitation-Participation (USER-P). In addition, health-related quality of
life (HRQoL) was assessed.

Results: Seventy-five patients participated (median age 20, inter quartile range 17-27). Twenty were full-
time students, 28 students with a job, 21 employed, two unemployed, and four work-disabled. Sixty-six
patients had had a job at some stage. Patients’ overall HRQoL was comparable to the general population.
27/75 patients reported that NBPP had affected their choices regarding education and 26/75 those regard-
ing work. 33/66 reported impact on their work performance. On the Impact on Participation/Autonomy
questionnaire, 80% (49/61) reported restrictions in the work-and-education domain, 74% in social-relations
and 67% in autonomy-outdoors. 37/61 reported participation restrictions on the USER-P.

Conclusions: Although their overall HRQoL was not impaired, a substantial proportion of adolescent/adult
patients reported that NBPP had an impact on choices regarding education and profession, as well as on
work-performance. Restrictions in participation, especially in work and education were also reported.
Guiding patients in making choices on education and work at an early stage and providing tailored phys-
ical as well as psychosocial care may prevent or address restrictions, which may improve participation.
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» IMPLICATIONS FOR REHABILITATION

e Adolescent and adult patients with neonatal brachial plexus palsy perceive restrictions in societal par-
ticipation, especially regarding the work-and-education domain.

e All patients with neonatal brachial plexus palsy may perceive restrictions in societal participation
regardless of lesion severity, treatment history and side of the lesion.

e Adolescents and adults with neonatal brachial plexus palsy report that their choices regarding educa-
tion and work, as well as their work-performance are influenced by their neonatal brachial plexus
palsy.

e Patients with neonatal brachial plexus palsy should be followed throughout their life in order to pro-
vide them with appropriate information and treatment when health- or participation-related issues
arise.

e Rehabilitation treatment is the best option to address all of the aforementioned issues, as surgical
options in adolescents and adults are limited.

Introduction

Neonatal brachial plexus palsy (NBPP) is caused by traction to the
brachial plexus during delivery and can result in severe disabilities
of the arm. The incidence varies between 1.6 and 4.6/1000 live
births [1,2]. Severity of the injury ranges from mild (neurapraxia/
axonotmesis) to severe (neurotmesis/avulsion), but the majority of
NBPP is mild and complete, or almost complete, functional recov-
ery will occur in about 70-80% [1,3]. The remaining patients are

left with a functional deficit that probably results in problems in
one or more domains of the International Classification of
Functioning, Disability and Health (ICF) [4]. Mild injuries can be
treated conservatively, while children with more severe injuries
often require primary surgery (nerve reconstruction) at a young
age (3-9 months) [5,6]. Depending on recovery after conservative
treatment or primary surgery, secondary surgery (muscle-tendon
transfers/osseous surgery) may be indicated at a later age [7-11].
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Despite these interventions, patients with NBPP may still have
residual functional limitations that may lead to restrictions or limi-
tations in one or more domains of the ICF.

The above-mentioned surgical and non-surgical interventions
are performed in infants and children to improve arm function,
activity levels and future societal participation, including educa-
tion, employment, leisure activities, and community living.
However, outcome regarding participation among patients with
NBBP in later life has rarely been examined [12], and long-term
follow-up studies including adults are limited or outdated [13].
The few available studies among adolescents (>16 years) and
adult patients with NBPP mainly evaluated daily functioning (e.g.,
dressing, washing) and found that patients experienced limita-
tions, mostly due to pain [14,15]. Although daily activities, such as
cycling and swimming, were limited, patients could still participate
in them [16]. A qualitative study using focus groups included ado-
lescents aged 16 and 17 years and reported perceived problems
with activities (e.g., self-care, eating) and sports participation (e.g.,
swimming, gymnastics, football, dancing). This study, however,
also reported that the older participants had adapted to their dis-
abilities over time and therefore perceived less problems [17].
Another study found that participation among patients with NBPP
(aged 15-17 years) did not differ from that of age-matched
healthy peers [18]. Another study reported that few adult patients
experienced limitations of work-performance [14]. The main draw-
back of these studies is that adult patients were either not
included, or included in limited numbers only. Furthermore, no
validated instruments specifically designed to measure participa-
tion were used.

Currently, no study is available in the literature that reports on
the possible influence of NBPP on choices regarding education
and work. Studies in other medical conditions that cause limita-
tions to upper extremity function (e.g., cerebral palsy, spinal cord
injury [SCI] or hereditary motor and sensory neuropathy [HMSN])
reported restrictions in participation in later life (e.g., education,
employment, leisure activities, and community living) [19-23]. For
patients with these conditions, factors influencing restrictions in
participation included condition severity, upper extremity func-
tioning, dexterity and level of education [19-23].

It is unknown to what extent participation by patients with
NBPP is influenced by lesion-extent, the affected side, health-
related quality of life (HRQoL), upper extremity functioning and
pain.

The aim of this study was to investigate if, and to what extent,
adolescents (>16 years) and adults with NBPP face participation
restrictions, and if NBPP has any influence on choices regarding
education and work as well as on work-performance. A secondary
aim was to determine which factors were associated with restric-
tions in participation in this patient group. We hypothesized that
more restrictions in participation among patients with NBPP
would be associated with right-sided lesions, greater lesion extent,
having had primary and/or secondary surgery, poorer upper
extremity function, poorer HRQoL and having bodily pain.

Methods
Study design and patients

A cross-sectional study on the functioning and quality of life of
patients with NBPP of all ages (n=1142) was conducted between
October 2014 and March 2015 [24]. The study was conducted at
the Leiden Nerve Center (a specialized multidisciplinary NBPP
clinic located at the Leiden University Medical Center). It was
approved by the local medical ethics committee (P14.071).

For the larger study, all patients with a diagnosis of NBPP who
had visited the Leiden Nerve Center at least once were eligible.
Patients were excluded if their medical record was not available
or if concurrent or other medical diagnoses that might affect arm
function were mentioned in their medical record (e.g., traumatic
brachial plexus lesions, cerebral palsy, birth reduction defects: ana-
tomical upper arm anomalies).

Eligible patients and/or their parents were sent an invitation
(including information) to participate. The invitation included a
statement that all data would be treated confidentially and ana-
lyzed anonymously. On a pre-stamped return card, they could
indicate whether they were willing to participate, and if so,
whether they wanted to participate using paper or electronic
questionnaires. Parents of patients under 18 years of age and all
patients aged 12 years and older provided written informed con-
sent. After informed consent, patients were sent the set of ques-
tionnaires or received an e-mail with a link giving access to the
electronic questionnaires. Patients not responding to the invitation
received a reminder by mail, phone or e-mail at their last known
contact details within 2-4 weeks. Participants who had not com-
pleted the questionnaires within 2-4 weeks were reminded by
email or phone.

The aims of this cross-sectional study were set in advance and,
as the cohort included patients with a large variety of ages, it
used age-appropriate questionnaires. The full set of questionnaires
used in the study (including those used for the present study)
were tested prior to the start. The present study only used data
from patients aged >16 years. The study was conducted and
reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines for
cross-sectional studies [25].

NBPP and patient characteristics

Age, gender, lesion-extent (i.e., upper plexus lesions: C5-C6 or
C5-C7, and 2: total plexus lesions: C5-C8 or C5-T1), affected side
(right/left/both), treatment history (i.e, conservative, primary
[nerve] surgery secondary [orthopedic] surgery, both primary and
secondary surgery) were extracted from the medical record and
current status regarding discharge from follow-up (yes/no) was
recorded. All this information was recorded by the two first
authors and entered into an existing database, in part comprising
the same data, thereby creating a quality check on the data.

Participation
Study and work

To analyze work and education status and the possible influence
of NBPP on these aspects, we used a questionnaire constructed
for the occasion. Eight questions were formulated, based on
the expert opinions of all authors, addressing important issues
of education and work for adolescents and adults with NBPP
(see Table 2).

Impact on Participation and Autonomy (IPA)

The IPA, Dutch Language Version (IPA-DLV) instrument was devel-
oped using the ICF components and has proven to be a valid and
reliable tool to use in chronic disease populations [26-28]. This
tool was, however, not specifically designed for NBPP. IPA meas-
ures patient-perceived participation in five domains: autonomy
indoors (self-care and mobility indoors, seven items), family role
(housekeeping and spending income, seven items), autonomy



outdoors (leisure activities and mobility outdoors, five items),
social relations (equal communication and intimate relations,
seven items) and work and education (paid work, volunteer work
and education, six items). Each item in the domains is scored on a
five-point rating scale (0: very good to 4: very poor). Domain
scores range from 0 to 4, with higher scores indicating lower par-
ticipation. A score of 0 means no restrictions are reported. IPA
also includes nine items to determine the extent to which patients
perceive their restrictions in participation as problematic, on a
three-point rating scale (0 =no problem to 2 =severe problem).

Utrecht Scale for Evaluation of Rehabilitation-Participation
(USER-P)

The USER-P questionnaire is a generic 31-item, self-reported out-
come instrument for adults, suitable and reliable for evaluating
physical disabilities, including musculoskeletal and neurological
conditions [29].

This tool was designed to rate objective and subjective partici-
pation in rehabilitation in three domains: frequencies, restrictions,
and satisfaction. The frequency scale quantifies how much time is
spent per week on several participation activities (e.g., work, edu-
cation, housekeeping, leisure activities, sports, visiting family and
friends). The USER-P assesses perceived restrictions and patient
satisfaction with regard to performing these activities. Scores
range from 0 to 100, with higher scores indicating better function-
ing (higher frequency, less restrictions, and greater satisfaction).

Measures of current HRQoL and functioning (including
pain)

Short Form-36 (SF-36)

The current perceived HRQoL and its association with participation
were determined using the SF-36, Dutch Language Version (SF-36-
DLV) [30]. This generic HRQoL instrument has been used before in
other NBPP studies [14]. In the SF-36, eight domain scores can be
calculated, including the bodily pain score. Scores range from 0 to
100, with higher scores indicating better functioning/HRQoL. In
addition, two summary scores can be calculated: a physical and a
mental component score (PCS and MCS, respectively). These
scores are based on normative sample data for Dutch adults
(h=1062), with mean summary scores (PCS/MCS) of 50 (SD 10)
[31-33]. This enabled comparison with the outcomes of the pre-
sent study.

Disabilities of the Arm, Shoulder and Hand (DASH)

The current perceived upper extremity functioning and its associ-
ation with participation were determined using the DASH, Dutch
Language Version (DASH-DLV) [34]. This questionnaire has also
previously been used in other NBPP studies, allowing comparison
of outcomes [14]. The general part (DASH-mean) consists of 30
questions and there is an additional specific module for work
(DASH-work, four questions) and a module for sports (DASH-sport,
four questions). Scores range from 0 to 100, with lower scores
indicating better functioning. US reference scores are available to
compare DASH outcomes [35].

Statistical analysis

Descriptive statistics (medians with interquartile ranges [IQR] or
means with standard deviations [SD] based on the distribution of
the data [Kolmogorov-Smirnov’s test]) were used for patient and
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lesion characteristics, and for measures of participation and quality
of life.

In order to investigate response-bias, the characteristics of the
study participants in terms of age, gender, affected side, treat-
ment history and current state of follow-up were compared with
eligible patients who did not participate, using Mann-Whitney’s U
and Chi Square tests.

To determine which factors were associated with participation,
separate linear regression analyses (with categorical or continuous
predictors) were performed for all IPA and USER-P subscales,
adjusted for age and gender (significance level p < 0.05). For each
factor, a new analysis was performed. In essence a “univariate” lin-
ear regression analysis, adjusted for age and gender was per-
formed for each independent factor.

Factors entered independently were: lesion extent (upper
plexus lesions/total plexus lesions), treatment history (conserva-
tive, primary [nerve] surgery, secondary [orthopedic] surgery, pri-
mary and secondary surgery) affected side (right/left/both) SF-36
PCS, SF-36 MCS, SF-36 bodily pain score and DASH-mean.
p-Estimates were reported to describe the association between
the independent factor and the outcome variable. Due to the
explorative nature of this study, we did not correct for multiple
testing [36].

Results

Recruitment and inclusion: There were 242 patients aged
>16 years of whom 38 were excluded based on the exclusion cri-
teria (medical record not available: n=16, concurrent or other
medical diagnoses: n=22). For 54 patients, the last known phone
number proved incorrect and these patients did not respond to
our invitation by mail either. Eventually, 94 of the remaining 150
patients responded, yielding a response rate of 63%. Of the 94
responding patients, 76 patients were willing to participate. One
did not return any of the questionnaires and was therefore add-
itionally excluded. Figure 1 shows the flow of these patients.

Patient characteristics: Table 1 shows the patient characteristics
and the HRQoL, pain and upper extremity functioning scores. The
median age of the patients was 20 years (IQR 17-27). Ninety-two
percent had upper plexus lesions (C5-C6/C5-C7). Characteristics
of participants (n=75) and non-participants (n=129) were com-
parable, except for gender (more females in the participants
group: 65% versus 47%, p=0.03) and lesion extent (more C5-C7
lesions in the participants group: 40% versus 12% p < 0.001). The
participants reported good overall HRQoL on the SF-36: the com-
ponent scale scores (MCS/PCS) were comparable to those of the
Dutch general population. Upper extremity functioning as
reported on the DASH also appeared to be good and was com-
parable to that of the US general population.

Education and work status were as follows: 20 participants
(27%) were full-time students, 28 (37%) students who also had a
job on the side, 21 (28%) had paid employment, two (3%) were
unemployed and four (5%) were work-disabled due to their NBPP.
Educational levels were comparable to those in the general Dutch
population [37]. The impact of NBPP on choice of education and
profession and its impact on performance during these activities
are shown in Table 2.

Table 3 shows the participation outcomes (IPA/USER-P). Due to
missing values, scores of only 61 participants could be calculated.
Overall the IPA median standardized domain sum scores were
rather low, indicating that the participants perceived few partici-
pation restrictions. This is also reflected in the number of partici-
pants who perceived their participation as good or very good.
Median scores ranged from 0.14 to 1.00, with the lowest score for
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Start
242 patients

204 eligible patients

meeting the inclusion
criteria invited

54 patients did not
respond and were g
untraceable v

94 out of the remaining
150 patients responded

18 patients unwilling
to participate

B —
A 4

76 patients willing to

participate
1 patient did not
participate after —
informed consent \ 4

75 patients participated

Figure 1. Flowchart of participating patients.

autonomy indoors (self-care and mobility indoors) and the highest
for work and education. Eighty percent of the participants
reported at least one restriction in the work and education
domain. At least one restriction in the domains of autonomy out-
doors (leisure activities and mobility outdoors) and social relations
(equal communication and intimate relations) was reported by
74% and 67% of participants, respectively. The highest percentage
of participants rating their restrictions in participation as problem-
atic (minor or severe) was in the work (occupation) and education
domain.

According to the USER-P outcomes, 61% of the participants
reported perceiving restrictions in participation. Although the
number of perceived restrictions was low, the participants did feel
dissatisfied with them. In contrast, 82% of the participants
reported on the USER-P that they were satisfied with their paid or
unpaid work and/or education.

Table 4 shows the factors influencing participation. Higher
DASH-mean scores and lower SF-36 bodily pain, PCS and MCS
scores, were independently associated with higher scores on
almost all IPA domains (all p < 0.05 to p < 0.001), indicating poorer
participation and less autonomy. As regards the scores on the
USER-P domains of restriction and satisfaction, the same factors

Table 1. Patient characteristics, and DASH and SF-36 scores of 75 adolescents
and adult patients with NBPP.

Patients (n =75)

Gender
Male, n (%) 26 (35)

Age Median (IQR) range 20 (17-27) 16-61
16-18 n (%) 33 (44)
19-25 n (%) 22 (29)
26-35 n (%) 1 (15)
36-61 n (%) 9 (12)

Affected side, n (%)

Right 38 (51)
Left 34 (45)
Both 3 (4)

Lesion extent
Group 1: upper plexus lesions, n (%)

C5-C6 39 (52)

C5-C7 30 (40)
Group 2: total plexus lesions, n (%)

5-T1 6 8)

Treatment, n (%)

Conservative 26 (35)
Primary surgery 16 (21)
Secondary surgery 15 (20)
Primary and secondary surgery 18 (24)

No longer in follow-up, n (%) 38 (51)

SF-36 (n =66)

Bodily pain questions:

Had pain in the past 4 weeks, n (%)

No answer 10 (13)

No pain 21 (28)

Mild pain 26 (35)

Severe pain 18 (24)

Pain hampered work in the past 4 weeks, n (%)

No answer 10 (13)
Not at all 38 (51)
Mildly 20 (27)
Severely 7 9)
Bodily Pain score

Median (IQR) 84 (51.5-100)
Physical functioning

Median (IQR) 90 (77.5-100)
Role-physical

Median (IQR) 100 (50-100)
General health

Median (IQR) 72 (62-91)
Vitality

Median (IQR) 65 (55-75)
Social functioning

Median (IQR) 100 (87.5-100)
Role-emotional

Median (IQR) 100 (100-100)
Mental health

Median (IQR) 72 (64-78)
PCS

Mean (SD) 46.9 (10.5)
McCS

Mean (SD) 502  (8.3)

DASH
DASH general (n=66)

Median (IQR) 163  (7.5-32.1)
DASH work (n=44)

Median (IQR) 125  (0-18.8)
DASH sport (n=42)

Median (IQR) 18.8 (4.7-31.3)

NBPP: neonatal brachial plexus palsy; IQR: interquartile ranges (25th-75th per-
centile); SD: standard deviation; SF-36: Short Form-36 questionnaire, general
population normative scores mean =50, SD =10 [30-33]; PCS: physical compo-
nent score; MCS: mental component score; DASH: Disabilities of the
Arm, Shoulder and Hand questionnaire, US general population normative score
mean = 10.1; SD = 14.7 [34,35].



Table 2. Education status, work status and the influence of NBPP on education
and work among 75 adolescent and adult patients with NBPP.

n %
What is your work/education status
Full-time student 20 27
Student having a job on the side 28 37
Having paid employment 21 28
Unemployed 2 3
Work disabled (80-100%) due to NBPP 4 5
What is your highest completed educational level?
Lower education 28 38
Intermediate education 31 41
Higher education 16 21
Was your choice of education influenced by NBPP?
Yes 27 36
No 42 56
Haven't made a choice yet 6 8
Was your choice of profession influenced by NBPP?
Yes 26 35
No 40 53
Never had a job 9 12
Do you currently have a paid job 49 65
(including part-time jobs, student jobs)
Did you ever have a paid job 66 88
(including part-time jobs, student jobs)
Did NBPP ever hamper you in a job?
Yes 33 50
No 33 50
Did NBPP play a part in unemployment or work disability?
Yes 10 15
No 56 85

NBPP: Neonatal brachial plexus palsy; Educational levels: Low: primary education
or preparatory secondary vocational education; Intermediate: senior secondary
vocational education or senior general secondary and pre-university education;
High: higher professional education or university education.

negatively influenced participation (all p<0.05 to p<0.001),
which means that these factors led to more restrictions and less
satisfaction. No evidence was found for lesion extent, treatment
history or affected side influencing participation outcomes.

Discussion

Participants of this cross-sectional study among adolescents
(>16 years) and adults with NBPP reported good quality of life
and upper extremity functioning overall. Although participation
was generally also reported to be good, participants did report
restrictions in societal participation, mainly related to work (work
performance), and influence of NBPP on choice of education and
profession. Half of the participants who had had a job at some
point, felt professionally hampered by their NBPP. Of the 61 par-
ticipants who completed the IPA, 49 (80%) reported limitations in
the work and education domain. Scores on the USER-P indicated
restrictions in participation, and satisfaction with participation pos-
sibilities in our participants was somewhat diminished. Restrictions
in participation were associated with poorer upper extremity func-
tioning, poorer HRQoL and more pain (DASH/SF-36). No evidence
was found for an association with lesion extent, treatment history
or affected side. This may indicate that all patients with NBPP,
regardless of the initial severity of their lesion may perceive
restrictions in participation in later life.

No study previously assessed the impact of NBPP on choice of
education and work, and to our knowledge, this is the first study
to report on restrictions in participation among adolescents and
adults with NBPP, based on validated participation outcome
instruments.

Many of our participants reported that NBPP influenced their
choice of education and profession. The actual percentages might
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even be higher, as a large part of our study population was under
20 years of age (n=36) and might not yet have decided on fur-
ther education and/or profession. A follow-up study among the
same population in a few years could reveal whether the younger
participants who currently reported no influence, perceive impact
on future choices.

In the current study, we only provided outcomes for the total
group and did not differentiate the analyses or results according
to lesion-extent or bilateral involvement. Although these patients
may perceive more restrictions in participation, the regression
analysis provided no evidence for an influence of lesion-extent or
bilateral involvement on participation outcomes. Future studies on
participation issues should include more patients with total plexus
lesions and/or bilateral involvement, to investigate whether lesion-
extent or bilateral involvement does indeed not affect participa-
tion outcomes.

Participation levels of adolescents (aged 15-17 years) have
been investigated previously by Strombeck and Fernell [18], who
reported no differences with age-matched controls. The NBPP
group in their study had the same interests, activities and social
life as the control group, but had lower self-esteem regarding
sports and motor activities and worried more about social life and
school factors. We feel that these findings actually support our
conclusion that participation is influenced by NBPP. Activities and
sports are usually chosen within the patients’ capabilities, prob-
ably excluding several sports/activity options, which influences
participation.

There have been few studies among adolescents (>16 years)
and adult patients with NBPP, that focused on the presence of
pain and limitations in activities of daily living [14-16]. In line with
their findings, our study participants also reported pain and limita-
tions in activities. Partridge and Edwards [15] reported that adult
patients with NBPP experience increasing pain over time and this
pain was the most impairing factor in their daily life. de Heer
et al. [14] recently confirmed this finding in a small group of adult
patients with NBPP (n=27), for whom pain, rather than arm-hand
function, explained difficulties in performing activities of daily liv-
ing. We found that both pain and arm-hand functioning (DASH-
mean) restricted societal participation. Furthermore, in contrast to
the study by de Heer et al., we found substantial restrictions in
work-performance. Thirty-three of our participants (33/66 [50%] of
the participants who have, or had, work) reported feeling ham-
pered by their NBPP in performing their jobs. The reasons for this
difference might be that our population was bigger and more of
our patients had a job. Furthermore, our population was more
severely affected, as 34/75 (45%) of our participants had under-
gone primary (nerve) surgery compared to 6/27 (22%) in de
Heer's study. However, in our population we found no association
between lesion severity and treatment history on the one hand
and participation outcomes (IPA and USER-P) on the other. We
also found that reported restrictions in participation, including
those in the work and education domain, were not influenced by
the side of the lesion. Yang et al. reported that only 17% of chil-
dren with a right-sided lesion were right-handed, compared to
90% in the healthy population [38]. This indicates that these chil-
dren have developed left-hand preference due to their right-sided
lesion in order to have one good arm/hand. The fact that the side
of the lesion did not correlate with “work and education partic-
ipation” in our study may indicate that bimanual functioning may
be more important than handedness.

The aforementioned studies regarding problems of daily living
may have had biases that influenced the outcome. Kirjavainen
et al. [16] included only surgically treated patients, leading to a
bias towards more severe lesions, and did not specify the number
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Table 3. Participation scores (IPA and USER-P) of 61 adolescent and adult patients with NBPP.

IPA
Standardized sumscores Median IQR Number of participants reporting 1 or more restrictions in:?
Autonomy indoors 0.14 0.0-0.5 7 possible restrictions; 36 (59%)
Family role 0.57 0.0-1.0 7 possible restrictions; 36 (59%)
Autonomy outdoors 0.40 0.0-0.8 5 possible restrictions; 41 (67%)
Social relations 0.29 0.0-0.8 7 possible restrictions; 44 (74%)
Work and education 1.00 0.2-1.5 6 possible restrictions; 49 (80%)
Perceived participation Very good and good Fair Poor and very poor
n (%) n (%) n (%)
Autonomy indoors 58 (95%) 2 (3%) 1 (2%)
Family role 49 (80%) 9 (15%) 3 (5%)
Autonomy outdoors 51 (84%) 7 (11%) 3 (5%)
Social relations 54 (88%) 5 (8%) 2 (4%)
Work and education 39 (64%) 17 (28%) 5 (8%)
Problem experience No problems Minor problems Severe problems
Mobility 43 (70%) 15 (25%) 3 (5%)
Self-care 38 (62%) 16 (26%) 7 (12%)
Family role 43 (70%) 12 (20%) 6 (10%)
Finances 47 (77%) 9 (15%) 5 (8%)
Leisure 38 (62%) 16 (26%) 7 (12%)
Social relations 40 (65%) 14 (23%) 7 (12%)
Helping and supporting 40 (65%) 14 (23%) 7 (12%)
(Voluntary) occupation 30 (54%) 15 (27%) 11 (19%)
Education® 32 (58%) 14 (25%) 9 (17%)
USER-P
Scores Median IQR Number of participants reporting 1 or more restrictions in:?
Frequency 34.6 28.4-43.1 X
Restrictions 96.9 90.0-100.0 11 possible restrictions; 37 (61%)
Satisfaction 77.8 69.6-91.7 X

NBPP: neonatal brachial plexus palsy; IQR: interquartile ranges (25th-75th percentile); IPA: Impact on Participation and Autonomy questionnaire: autonomy indoors
(self-care and mobility indoors), family role (housekeeping and spending income), autonomy outdoors (leisure activities and mobility outdoors), social relations (equal
communication and intimate relations) and work and education (paid work, volunteer work and education) IPA standardized sum-scores 0-4; higher scores indicating
lower participation and less autonomy; perceived participation: values are reported as the number of participants who perceived their participation as very good/
good, fair, or poor/very poor; problem experience: values are reported as the number of participants who perceived their restrictions as problematic [26-28]; USER-
P: Utrecht Scale for Evaluation of Rehabilitation-Participation questionnaire, USER-P scores 0-100, higher scores indicating higher frequency, less restrictions and

higher satisfaction [29].

“Number of participants reporting 1 or more restrictions out of the specific number of restrictions mentioned on a domain of the IPA and USER-P.

P5 participants indicated that this IPA item was irrelevant to them.
6 participants indicated that this IPA item was irrelevant to them.

of participating adolescents and adults [16]. All patients in the
study by Partridge and Edwards [15] were members of the Erb’s
Palsy Group in the United Kingdom, which could possibly have
led to confounding by indication (i.e., patients who are members
of patient groups and respond to surveys sent out by these
groups, are usually the more affected patients). The present study
included patients with lesions ranging from relatively mild, treated
conservatively, to severe lesions that warranted nerve reconstruc-
tion. We hope to have provided a better representation of the
NBPP population, although we acknowledge that including
patients from a tertiary referral clinic has probably led to inclusion
bias as well.

Our main outcome measures for societal participation, the IPA
and USER-P questionnaires, have not been used previously in
NBPP studies, nor have they been validated for this patient group.
However, they have been used and validated in several other
chronic conditions affecting upper limb function, such as stroke,
SCl, and HMSN [26,29].

On the IPA, our NBPP patients reported better societal partici-
pation than patients after SCl, with 55% of these SCl patients
reporting poor social participation and autonomy on several IPA-
domains [20]. In our NBPP study we found 3-36% (depending on
the IPA domain) of participants reporting fair to poor societal par-
ticipation. Most restrictions in participation were reported in the
work and education domain. Compared to IPA scores of patients
with HMSN type 1A [23], our patients reported similar restrictions
in autonomy outdoors and work and education.

On the USER-P, patients with SCI had a perceived restrictions
score of 72.7 points (IQR 54.5-87.9) and a satisfaction score of
72.5 (IQR 58.3-80.6) [19]. Our participants had a higher perceived
restrictions score (median 96.9/IQR 90-100), but had comparable
satisfaction scores (median 77.8/IQR 69.6-91.7) [19].

Contrary to the conditions in the above studies, our partici-
pants had had their deficit(s) since birth. Thus, we had expected
that our patients with NBPP would adapt more automatically
regarding their participation level, and feel satisfied with choices
made within their possibilities. Such adaptation was suggested by
the results of the focus group study that was conducted earlier at
our center by Sarac et al. [17]. In this study, children seemed to
adapt more fully to their disability with age, and personal and
environmental factors played an important role in this [17]. In
comparison, the same restricted societal participation, as found in
the current study, was found in young adults with cerebral palsy,
who also have their deficits from birth: about 20-30% of young
adults with cerebral palsy report restrictions in societal participa-
tion [21]. Future participation studies should also address the
influence of psychosocial adjustment and family dynamics in adult
patients with NBPP.

We used the SF-36 and DASH questionnaires to determine cur-
rent HRQoL and upper extremity functioning because reference
values for the general population were available and because
they have previously been used in other NBPP studies on partici-
pation [14,33,35]. SF-36 and DASH scores in our population are
comparable to those reported by de Heer et al., but DASH-work
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scores in our population were somewhat higher than reported in
that study [14]. As outcomes on the SF-36 and DASH were also
comparable to the general population [30,33,35], the question
remains whether these instruments are sensitive and specific
enough to detect the specific limitations in the NBPP population
(e.g., insufficient bimanual activities in the DASH to measure prob-
lems in unilateral impairments).

Half of the study population were no longer in clinical follow-
up at the Leiden Nerve Center at the time of this study. We dis-
charge patients from follow-up when good neurological recovery
has taken place or if residual deficits have reached a plateau. We
provide them with information for the future and advise them to
make a new appointment for renewed evaluation or treatment if
necessary. However, it turns out that many of them reported
restrictions in participation, pain and functional limitations, but
did not seek to contact us. We do not know who is the primary
medical caregiver for these patients and with whom they discuss
their participation limitations. These issues should be addressed in
future studies to further optimize care and clinical follow-up for
adolescents and adults with NBPP.

Possible interventions in adult patients with NBPP are limited
and have not been well described. The findings in this study indi-
cate that there is a need for interventions in adulthood.
Rehabilitation programs or information provision programs are
needed for adolescent and adult patients to enable them to cope
better with their disability. These programs could, for example,
focus on patient education (especially in the work and education
domain), vocational rehabilitation, psychosocial wellbeing, improv-
ing ergonomics and pain reduction.

The present study had a number of limitations. It had a cross-
sectional design with no follow-up, using only self-reported ques-
tionnaires. This might lead to overestimation or underestimation
of results, as participants might be influenced by unknown factors
at the time of completing the questionnaires (e.g., bad mood,
stress, etc.). Only 75 of the 204 eligible patients participated in
the present study. This number was limited because not all eli-
gible patients could be traced and reached. The number of partici-
pants may also have been influenced by the fact that over half of
the eligible patients were no longer in follow-up and their last
visit could be years ago. The response rate was further reduced as
some of the 75 participating patients did not complete all ques-
tionnaires (n =9 for DASH and SF-36, n= 14 for IPA and USER-P),
even after several reminders, possibly due to questionnaire burn-
out. The participating group (n=75) did not differ significantly
from the non-responding group (n=129) in terms of patient and
disease characteristics. Patients seen at our NBPP clinic were
referred to us because of a severe lesion, which might lead to
confounding by indication. However, we believe the responders,
including conservatively treated patients, are sufficiently represen-
tative of adolescents and adults seen at NBPP clinics in an aca-
demic setting.

As discussed above, the generic participation outcome meas-
ures used in the present study were not validated for use in
patients with NBPP. However, as shown in a recent review regard-
ing outcome measures in NBPP, no appropriate NBPP-specific par-
ticipation outcome measures are available [12]. The outcome
measures used in our study seem to provide valuable information,
and further studies into the validity and reliability of their use in
the NBPP population should be undertaken to fill the gap in avail-
able outcome measures in this important ICF domain. In addition,
future long-term NBPP studies among children and adults should
at least include participation outcome measures.

In conclusion, adolescents and adults with NBPP participating
in the current study reported restrictions in societal participation,

particularly in terms of work and education, and they perceived
NBPP as an influence on their choice of education and profession,
and on their work performance. These findings are relatively new
and reveal a need for optimization of care, follow-up and informa-
tion, focusing on the participation components of the ICF for ado-
lescents and adult patients with NBPP.
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