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Abstract
Background: The term self-determination refers to decision-making, goal setting, and perseverance to achieve those goals.
Numerous studies have established the importance of self-determination to enhance learning and improve postschool outcomes.
However, most studies evaluate students with learning disabilities, cognitive impairment, or behavioral disabilities. There is an
absence of research on self-determination for adolescents with physical disabilities.
Objective: To assess self-determination of adolescents with neonatal brachial plexus palsy (NBPP) compared with their typically
developing peers via self-reported measures of function.
Design: Case-control study.
Setting: Brachial plexus clinic.
Participants: Twenty adolescents with NBPP (aged 10-17 years) and their parents and 20 age/gender-matched typically devel-
oping adolescents and their parents were recruited. NoneEnglish-speaking participants and those with other physical impairments
were excluded from study.
Methods: Participants completed demographic and American Institutes for Research (AIR) self-determination surveys. One of two
designated occupational therapists evaluated participant physical function.
Main Outcome Measurements: A demographic survey and AIR self-determination assessment were administered, and active range
of motion measurements in shoulder forward flexion, elbow flexion, elbow extension, forearm pronation, and supination were
obtained. Grip/pinch strength, MRC muscle strength, 9-Hole Peg Test, and Mallet scale scores also were evaluated.
Results: Despite physical differences, adolescents with NBPP presented similar self-determination levels as their typically
developing peers. Adolescents with NBPP rated their opportunities to engage in self-determined behaviors at school significantly
lower than at home. Both adolescents with NBPP and those in the control group rated their opportunities to engage in self-
determined behaviors at school significantly lower than at home.
Conclusions: Adolescents with NBPP presented similar self-determination scores as their age/gender-matched typically developing
peers. These results could be a reflection of our program’s patient- and family-centered care approach. Therefore, caregivers and
providers should encourage personal development and fulfillment in adolescents with NBPP. Teachers and schools should be aware
that opportunities for acquiring self-determination skills might be more limited at school than at home in this age group.
Level of Evidence: III
Introduction

Neonatal brachial plexus palsy (NBPP) occurs during the
perinatal period and manifests as a loss of movement and
sensation of the arm as a result of damage to nerves of the
brachial plexus. NBPP affects approximately 0.1-5.1 per
1000 live births [1-4]. The majority of infants will recover
without any intervention, but 5%-25% will have persistent
NBPP with continuing functional deficits of the arm [5].
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Adolescents with persistent deficits may demonstrate
muscle imbalance, joint or soft-tissue contractures, arm
length and circumference differences, and atrophy [6].
Differences in appearance from normally developing
peers include arm length discrepancy, sloping shoulder or
protruding scapula, and muscle atrophy.

As the result of functional limitations, adolescents with
persistentNBPPmayhavedifficultieswithactivities ofdaily
living [7-9]. The current literature [7,8,10] indicates that
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physical limitations have a negative correlation, with In-
ternational Classification of Functioning, Disability and
Health measures of activity and participation that can in-
fluence thedevelopment,quality of life, and self-esteem in
adolescents [7-9]. Level of participation and other consid-
erations, such as psychosocial factors, alsomaybeaffected
in the context of persistent functional impairments.

An area yet unexplored in adolescents with NBPP is
self-determination (SDet). SDet refers to the process by
which a person controls his or her own life. Ward [11]
further defined the concept as “both the attitudes
which lead people to define goals for themselves and
their ability to take the initiative to achieve these goals.”
SDet is a foundational element of “transition to adult-
hood” and is essential to postschool success in employ-
ment, social, and family interactions [12-14]. A published
method for determining SDet is the American Institutes
for Research (AIR) Self-Determination Scale [15]. We
sought to evaluate the SDet of adolescents with NBPP (1)
by using the AIR self-determination assessments to eval-
uate SDet in adolescents with NBPP and (2) by comparing
the SDet of adolescents with NBPP to their typically
developing peers in the context of physical function.

Methods
Study Design and Participants
This prospective case-control study was conducted
from February to August 2014. We recruited 20 adoles-
cents from the specialty brachial plexus program at a
tertiary care referral center with diagnosed NBPP (aged
10-17 years) and their parents (NBPP group), sequen-
tially during routine clinic appointments. Gender- and
age-matched typically developing adolescents and their
parents (control group) were recruited subsequently
through families of NBPP participants and our network
of study team members. Consent was obtained from all
parents, and assent was obtained from adolescents
in both groups. Excluded from study were noneEnglish-
speaking participants and those with other physical
impairments (eg, cerebral palsy). Institutional review
board approval was obtained for the study protocol
(HUM77336). Participants and parents finished de-
mographic surveys and AIR self-determination assess-
ments in the clinic visit. In addition, 1 of 2 designated
occupational therapists evaluated the participants’
physical function via active range of motion, grip and
pinch strength, Medical Research Council (MRC) muscle
strength, 9-Hole Peg Test, and Mallet scale score.
Surveys

Demographic Survey
Parents filled out the demographic survey, which

included the following information: adolescent’s age,
gender, race, insurance, parents’ education levels,
family makeup, and NBPP-related factors (involved side,
hand dominance, and Narakas classification scores). The
basis for the Narakas classification of NBPP is clinical
examination of the affected muscles of the arm during
the first 8weeks of life (Narakas I involves C5, C6; Narakas
II involves C5, C6, and C7; Narakas III involves C5-T1; and
Narakas IV involves C5-T1 with Horner syndrome).

AIR Self-Determination Assessments
Both adolescents and their parents completed the

AIR self-determination assessments. A single trained
researcher performed the scoring. The AIR self-
determination assessments were developed by the AIR
for all school-aged children [15]. The assessments pro-
duce a profile of a child’s level of SDet and evaluate 2
broad SDet componentsdcapacities (including ability
and perception) and opportunities (at home and at
school). The profile compares student, parent, and
educator views in areas of abilities, perceptions, and
opportunities at home and at school. Our study used the
parent and student versions only, as this study did not
involve educators in the classroom setting.
Physical Assessment
Participants were in a standing position during evalu-
ation, except when performing the 9-Hole Peg Test
(performed while seated). In both NBPP and control
groups, assessments included right and left upper
extremities. We compared physical assessment of
the affected arm of the NBPP participant with the
nondominant arm of a control group participant. Active
range of motion measurements were obtained with
a standard goniometer for shoulder forward flexion
(0-180�), elbow flexion (0-150�), elbow extension (e150
to 0�), and forearm pronation and supination (0-90�). The
MRC scale (grades 0-5) was used to test and recordmuscle
power of anterior deltoid, biceps, and triceps muscles.
Assessment of shoulder abduction and external rotation
was via the Mallet grading system for shoulder function
(grades I through IV) [16]. Instruments for measuring grip
and pinch strength included the Jamar hand dynamom-
eter for grip, and the Jamar hydraulic pinch gauge (Asi-
mov Engineering Co, Los Angeles, CA) to document
maximum isometric strength (recorded in pounds). For all
participants, the dynamometer was positioned in the
second notch. Measurements from each upper extremity
included grip strength, 3-point pinch, and lateral pinch
The 9-Hole Peg Test was used to measure finger dexterity
on both hands while the subject was sitting [17,18].
Statistical Analysis
Participant demographics were calculated by the use
of descriptive statistics and summaries. To compare
responses from AIR self-determination assessment and
physical measurements between NBPP and control



66 Self-Determination in Adolescents with NBPP
groups,we usedpaired t-test for continuous variables and
Wilcoxon signed rank test for ordinal variables. Proba-
bility values less than .05 were considered statistically
significant. SPSS statistical software (version 18, SPSS Inc,
Chicago, IL) was used to perform all statistical analyses.
Results
Participant Demographics
Mean age of participants was 13 years, with 6 male and
14 female subjects in both the NBPP and control groups.
The majority of participants were white (70% NBPP group;
95% control group). Twenty-five percent of the NBPP group
and 10% of the control group had Medicaid insurance.
Parental education levels were similar in NBPP and control
groups (Table 1). Thirty-five percent of NBPP group and 80%
of control groupwere from 2-parent families. The affected
Table 1
Participant demographics

NBPP Group
(n ¼ 20)

Control Group
(n ¼ 20)

Age, y, mean � SD 13 � 2 13 � 2
Gender, n (%)

Male 6 (30) 6 (30)
Female 14 (70) 14 (70)

Race, n (%)
White 14 (70) 19 (95)
African American 5 (25) e
Other 1 (5) 1 (5)

Insurance, n (%)*
Private 14 (70) 18 (90)
Children’s special
health care services

4 (20) e

Medicaid 5 (25) 2 (10)
Other insurance 4 (20) 2 (10)

Mother’s education, n (%)
College graduate 11 (55) 13 (65)
Some college 7 (35) 3 (15)
High school 2 (10) 4 (20)

Father’s education, n (%)
College graduate 11 (55) 12 (60)
Some college 8 (40) 2 (10)
High school e 4 (20)
Less than high school 1 (5) 2 (10)

Family makeup, n (%)
Mother and father 7 (35) 16 (80)
Single parent 12 (60) 4 (20)
Stepparent 1 (5) e

NBPP-affected side, n (%)
Left 8 (40) e
Right 12 (60) e

Hand/arm dominance, n (%)
Left 11 (55) e

Right 8 (40) 20 (100)
Bilateral 1 (5) e

Narakas grade, n (%)
I-II 8 (40) e

III-IV 12 (60) e

NBPP ¼ neonatal brachial plexus palsy; SD ¼ standard deviation.
* Four families of adolescents with NBPP and 2 control families had

multiple types of insurance.
armwas the right arm in 12 participants in the NBPP group.
Comparisons of affected arm in NBPP versus the nondomi-
nant arm in control group and unaffected arm in NBPP
versus the dominant arm in control group were assessed.
Hand/arm dominance was determined by self-reporting of
which hand was used primarily for most self-care and rec-
reational activity. Sixty-three percent of the NBPP subjects
were in the Narakas grade III-IV group.
AIR Self-Determination Assessments
For global SDet (Table 2), adolescents with NBPP had
slightly greater scores than adolescents from the control
group,with no significant difference (P¼.709). None of the
subgroup analyses showed statistical significance between
adolescentswithNBPPandthecontrolgroup.Therewereno
significantdifferencesbetweenparentsofadolescentswith
NBPP and parents in the control group on global SDet and
subgroup comparisons (Table 3). When adolescents with
NBPP and their parents were compared, adolescents
reported greater ability to perform SDet behaviors than
their parents did (Figure 1; 25.4 versus 22.0, respectively,
P¼.007).Therewerenosignificantdifferences inperceived
opportunities at home and opportunities at school between
NBPPadolescentsandtheirparents (Figure1).Nosignificant
difference was observed between control group adoles-
cents and parents for any category (Figure 2).

Adolescents with NBPP rated their opportunities to
engage in SDet behaviors at school significantly lower
than at home (Table 4; 21.2 versus 27.1, respectively;
P ¼ .003); however, from the perspective of parents of
adolescents with NBPP, there was only a marginal dif-
ference (Table 4; 24.1 versus 26.1, respectively;
P ¼ .069). Opportunities to engage in self-determined
behaviors at home were rated significantly greater
than at school for both control group adolescents and
parents (Table 4; P ¼ .014 and .015, respectively).
Physical Assessments
Physical assessments compared the affected arm of
adolescents with NBPP versus the nondominant arm of
Table 2
Comparison of AIR self-determination assessment scores for adoles-
cents in the NBPP and control groups

Parameters

NBPP Group
Student
Scores

Control Group
Student
Scores P Value

Global self-determination 83.0 81.5 .709
Capacity* 51.2 47.8 .227
Ability 25.4 24.0 .326
Perception 25.8 23.8 .232

Opportunity 48.3 50.0 .534
Home 27.1 26.8 .785
School 21.2 23.2 .295

AIR ¼ American Institutes for Research; NBPP ¼ neonatal brachial
plexus palsy.
* Capacity on the AIR-Student form comprises Ability and Perception.



Table 3
Comparison of AIR self-determination assessment scores for parents in NBPP and control groups

Parameters NBPP Group Parent Scores Control Group Parent Scores P Value

Global self-determination 80.4 80.0 .941
Ability* 22.0 22.0 .961
Opportunity 50.2 49.5 .693

Home 26.1 25.8 .684
School 24.1 23.8 .775

AIR ¼ American Institutes for Research; NBPP ¼ neonatal brachial plexus palsy.
* The AIR-Parent form contains only Ability scores and not Perception, which refers to the student’s feelings about self-determination.
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control group participants. Statistically significant dif-
ferences existed for active range of motion, grip, pinch,
and muscle strength (Table 5). For example, mean
active shoulder forward flexion of adolescents
with NBPP was 80� less than control group (P < .0001),
and elbow flexion was 28� less than control group
(P ¼ .0002). Mean forearm supination of NBPP adoles-
cents was 44� compared with 90� in the control group
(P ¼ .0004). The grip strength difference between NBPP
and control group was 18 pounds (P ¼ .002). However,
the 9-Hole Peg Test showed no statistically significant
difference when NBPP and control groups (P ¼ .24) were
compared. Median scores were reported for the manual
muscle tests (MRC range 2-5). For NBPP groups, anterior
deltoid was 2/5, with 3/5 for biceps and triceps; control
group rated 5/5 in all 3 areas measured.

Comparison of Mallet scores (range II-IV) in NBPP
versus control groups showed significant differences in
all movements (P < .0001). Control group scores for all 5
movements were normal, whereas for the NBPP group,
the median scores for abduction, exorotation, and
hand-to-back were II, and the median scores for hand-
to-head as well as hand-to-mouth movements were III.

Discussion

SDet involves a combination of skills, knowledge, and
beliefs that ultimately enable a person to engage in
goal-driven, self-regulated, and autonomous behavior.
SDet has become an important research area for ado-
lescents with chronic conditions and disabilities.
Figure 1. Comparison of American Institutes for Research assessment
scores for adolescents with neonatal brachial plexus palsy (NBPP-
Adolescents) vs parents of adolescents with neonatal brachial plexus
palsy (NBPP-Parents), revealing a statistically significant difference in
scoring on the Ability category (*P ¼ .007).
Previous studies have investigated the relationships
between the various components and applications in
numerous patient disabilities. For example, McDougall
et al [14] compared the relationship between SDet and
perceived quality of life in youth and young adults with
chronic conditions, such as spina bifida, cerebral palsy,
and acquired brain injury. Their investigation suggested
that essential components of SDet, such as autonomy,
self-regulation, self-realization, and psychological
empowerment significantly impact quality of life. A
more recently published collaborative study looked at
the relationship of injury severity, social support, coping
strategies, and self-concept in youth with NBPP [19].
The investigators asked whether a relationship existed
between severity of injury, social difficulties, and self-
concept, and they concluded youth with NBPP were
functioning well in those areas. In fact, the authors
found that youth with NBPP had significantly greater
self-concept ratings compared with their typically
developing peers. The authors defined self-concept as
how one perceives oneself, whereas SDet refers to more
outward behaviors of self-regulated, autonomous
behaviors.

SDet can be more complex and multifaceted than
self-concept. Each area of SDet can affect the success
of adolescents entering adulthood. In our study, we
evaluated and found no differences in SDet between
adolescents with NBPP and age/gender-matched typi-
cally developing peers, despite the functional differ-
ences. Potential reasons for the lack of difference in
SDet include proactive participation in daily activities,
increased opportunity for family support, and frequent
Figure 2. Comparison of American Institutes for Research assessment
scores for control group adolescents (Control-Adolescents) vs control
group parents (Control-Parents).



Table 4
Comparison of AIR self-determination assessment ratings for opportunities to engage in self-determined behaviors at home and school

Parameters Opportunities at School Opportunities at Home P Value

Adolescents with NBPP 21.2 27.1 .003
Parents of adolescents with NBPP 24.1 26.1 .069
Control adolescents 23.2 26.8 .014
Control parents 23.8 25.8 .015

AIR ¼ American Institutes for Research; NBPP ¼ neonatal brachial plexus palsy.
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involvement with health care workers during NBPP
treatment. From our clinical work with adolescents with
NBPP, we have observed that they take part in general
activities such as sports participation, attending col-
lege, living independently, and securing employment.
Likewise, Strombeck and Fernell [20] compared ado-
lescents with NBPP with their able-bodied peers in
activities and participation in daily life and concluded
that adolescents with NBPP live a typical and average
teenage life.

Another opportune area for cultivating SDet skills is
the family environment. Harrison et al [21] reported the
need for families to be aware of and involved with
providing opportunities to promote SDet in persons with
disabilities. Youth can develop SDet and self-regulation
skills through day-to-day choices, household chores,
and occasions to deal with failure. Finally, youth with
NBPP also can have an additional opportunity for psy-
chosocial interaction with health care providers. In our
clinical experience, most NBPP patients/families
voluntarily participate in the activities of our interdis-
ciplinary program. Communication to address goals and
interventions involves the treatment team, the patient,
Table 5
Physical measurements

Parameters
NBPP
Affect

Active range of motion, �, mean � SD
Shoulder forward flexion 100 �
Elbow flexion 122 �
Elbow extension e25 �
Pronation 42 �
Supination 44 �

Grip and pinch strength, lbs, mean � SD
Grip 35 �
3-point pinch 9 �
Lateral pinch 11 �

9-Hole Peg Test, s, mean � SD 25 �
Manual muscle testing, median MRC score (range)

Anterior deltoid 2 (
Biceps 3 (
Triceps 3 (

Mallet grade, median grade (range)
Abduction II (II
Exorotation II (II
Hand-to-head III (II
Hand-to-back II (II
Hand-to-mouth III (II

NBPP ¼ neonatal brachial plexus palsy; SD ¼ standard deviation; MRC ¼ M
and the family. Our program is based on the patient- and
family-centered care approach and is committed to
collaboration with patients and families in caring for the
patient [22]. If patients are in therapy, they are
involved in establishing goals and working to achieve
them, which includes responsibility for a home exercise
program and reviewing their progress. The patient sees
cause-and-effect results in their treatment, which ulti-
mately produces goal-directed actionsda major
component in SDet.

Our study showed students with NBPP rated their
opportunities at school significantly lower than their
opportunities at home (Table 4). This was the most
significant disparity in scores taken from the AIR
assessment subsets, suggesting that students do not
believe their classes and/or school programs support
their SDet efforts. Results from similar studies of stu-
dents with other categories of disabilities support these
findings. In a qualitative study by Trainor [23], partici-
pants cited “their self-determination efforts had been
thwarted in the context of school.” In contrast, those
students spoke readily about how the development of
SDet skills was encouraged and strengthened by their
Group,
ed Arm

Control Group,
Nondominant Arm P Value

52 180 � 0 <.0001
28 150 � 0 .0002
28 0 � 0 .0009
73 90 � 0 .008
48 90 � 0 .0004

20 53 � 15 .002
4 13 � 4 .006
5 14 � 3 .01
16 20 � 2 .24

2-5) 5 (2-5) <.0001
2-5) 5 (2-5) <.0001
2-5) 5 (2-5) <.0001

-IV) IV <.0001
-IV) IV <.0001
-IV) IV <.0001
-IV) IV <.0001
-IV) IV <.0001

edical Research Council.
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families at home. Other studies consistently reported
limited opportunities for students with disabilities to
practice SDet at school [24,25]. Literature on SDet
indicates that SDet develops over time and in multiple
settings. Therefore, it is important to provide students
with consistent opportunities and support to practice
goal-setting, follow through, adjustment of goals, and
advocating for themselves as well as the ability to make
discerning choices in multiple environments [23,25-27].
In addition to teachers/educators, caregivers, and pro-
viders should be aware of the psychosocial context of
adolescents with NBPP and that by encouraging personal
development and fulfillment SDet can improve, despite
physical/functional differences.

Studies show that children with persistent conditions
develop coping strategies or “survivor sense” that could
ultimately increase their SDet [19,28-30]. During daily
activities, children with NBPP might encounter physical
challenges, and these challenges could cause frustration,
stress, or even social difficulties [19]. Coping strategies,
such as social support or the recognition from peers or
parents, could mediate the psychosocial impact of their
physical impairment [29]. In a similar study that investi-
gated self-concept in youthwith NBPP, the authors report
that a greater level of social support is associated with
better self-concept and fewer social difficulties [19]. It is
possible that the positive coping mechanism and social
support could reinforce positive psychosocial functioning
and actually increase their SDet.

We demonstrate that both NBBP and control adoles-
cents reported greater SDet compared with perception
of their parents. This finding is consistent with current
literature, which reports discrepancies between chil-
dren’s self-report and parent-proxy across pediatric
patient populations [9,31-33]. Studies investigating
health-related quality of life reveal that parents and
children tend to have greater agreement on physical
activities and symptom-related measures; however,
parents and children report lower agreement on social
or emotional aspects such as peer relations, self-
esteem, and mental health [9,31-33]. External factors
including physical functioning or visible impairment
might be more evident and lead to greater agreement
between children and parents, whereas internal factors
such as emotional, body image, self-esteem, and SDet
are more difficult to perceive and evaluate [34]. In
addition, the chronic condition of NBPP also might
influence caregivers’ psychosocial status and family
functioning [35,36]. The financial burden and time
commitment of clinic appointments might cause stress
and disturbance of family routines [9,35,36]. Percep-
tions about their child’s potential struggles, guilt, and
the heightened awareness of their physical differences
could manifest in thinking their child will miss out on
opportunities. Therefore, it is unclear whether the
impact of NBPP on caregivers and families might affect
parent-proxy reporting of SDet scores. Future studies
should investigate whether parent-proxy evaluation
could truly reflect the impact of NBPP.
Practice Management
Because the results of our study showed that NBPP
participant perceptions of opportunities at school were
significantly lower than opportunities at home and that
control group results did not indicate a significant dif-
ference in those opportunities, further research is
needed to determine whether this result is consistent
for adolescents with other disabilities and in larger
populations. Other studies consistently found that chil-
dren with disabilities rate their SDet ability greater than
teacher ratings for those children. These studies show
similar results for high-incident disability categories
including learning disabilities, cognitive disability, and
emotional/behavioral disability, possibly indicating that
fewer opportunities for SDet might be related to the
child being disabled and not because of their true ability
[26,37]. This would suggest the need for further
research to analyze what is happening in school pro-
grams and with teachers. Some previous research has
suggested that there may be insufficient teacher prep-
aration [24,38-41], or that teachers have a precon-
ceived idea that children with disabilities cannot be
self-determined [38,42]. It would be helpful to analyze
both these and other possibilities to explain why youth
with disabilities do not believe they have opportunities
to practice SDet at school.
Limitations
Several limitations exist in this study. The sample size
is relatively small and homogeneous, as it is derived
from a tertiary-care specialty referral center. A conve-
nience sample of control subjects may have narrowed
opportunities for a wider variance in responses. The AIR
assessment was developed mainly as a self-assessment
tool to help educators better understand their teach-
ing practices and how it might impact their students.
The assessment usually involves 3 participantsdthe
student, the parent, and the educator. Teachers did not
complete any assessments of the students in our study,
which could have revealed further perceptions in rela-
tionship to SDet opportunities, especially since the NBPP
group rated their school opportunities lower than the
control group. The wide geographical range of schools
attended by the study participants limited our ability to
include teacher participation.

Conclusions

Adolescents with NBPP presented similar SDet levels
as their age/gender-matched typically developing
peers. These results could be a reflection of our pro-
gram’s patient- and family-centered care approach.
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Therefore, caregivers and providers should encourage
adolescents with NBPP to be involved in daily activities
and counsel them in ways that could increase their
sense of personal development and personal fulfillment.
Establishing support systems that include positive
coping strategies could also be beneficial for improving
SDet skills. Finally, teachers should be aware that
opportunities for acquiring SDet skills might be more
limited at school than at home in this age group.
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