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ABSTRACT:
Purpose: The purpose of this article was to report the develop-

ment of a new assessment tool, the Brachial Plexus Outcome Mea-
sure (BPOM) and the evaluation of its internal consistency and
construct validity.

Methods: A retrospective case series of children aged 4e19
years with obstetrical brachial plexus palsy (OBPP) was conduct-
ed. Intraclass coefficients were calculated for the BPOM Activity
Scale items. Correlation between the Active Movement Scale
(AMS) and BPOM Activity Scale scores were conducted to deter-
mine the convergent validity.

Results: The BPOM Activity Scale items (N¼ 306) had good in-
ternal consistency (Cronbach’s a¼ 0.87). A strong correlation be-
tween the BPOM Activity Scale and AMS (n¼ 284) was found
(r¼ 0.71, p¼ 0.001, a¼ 0.05).

Conclusions: The BPOM Activity Scale demonstrates good in-
ternal consistency and construct validity as a discriminative func-
tional outcome measure in children with OBPP.

Level of Evidence: IV

J HAND THER. 2012;25:406–17.
Obstetrical brachial plexus palsy (OBPP) is a par-
tial or total birth injury to the network of nerves that
originate from spinal roots C5eC8 and T1. Full
recovery of neurological function of the upper limb
is possible in an infant if recovery is seen within the
first month after birth.1 Infants with more severe in-
juries will have residual deficits, including loss of ac-
tive range of motion (AROM) and joint contractures
in their affected upper extremity. Children with up-
per plexus injuries will have more impairment prox-
imally, whereas the whole limb may be affected in
children with total plexus injuries.

Children with OBPP may require secondary sur-
gical reconstructive procedures to optimize upper
limb joint integrity, position, and active movement.2

Determining candidacy for such procedures is
influenced by many factors. This includes physical
factors, such as age, joint integrity, joint active move-
ment, balance in muscle groups, and strength of mus-
cle donors.2 Consideration of the biomechanics of the
upper extremity also plays an important role in deter-
mining the optimal joint position when dynamic
movement cannot be achieved. For example, surgical
correction of supination contractures to position the
forearm at neutral or pronation in this population
has been described.3e8 In a child with a total plexus
palsy, it is important to consider the biomechanical
relationship between the forearm and the hand to de-
termine which of these two end forearm positions op-
timizes function. A child with sufficient radial
prehension and individual finger movement would
benefit from a pronated end position. In the presence
of weak or absent intrinsics, positioning the forearm
in fixed pronation does not position the hand opti-
mally for tool use or to act as an assisting hand to cra-
dle objects. Such a child would use a crude grasp,
such as a transpalmar grasp, with its affected hand
that would benefit the most with a forearm posi-
tioned at neutral.9 In children with OBPP, it is essen-
tial that the quality of upper extremity movement is
measured from a biomechanical framework.
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Evaluation of upper extremity function is critical in
determining candidacy and efficacy of these proce-
dures as well as measuring rehabilitation outcomes,
including remedial, adaptive, and psychosocial in-
terventions.12,13 A comprehensive upper extremity
functional outcome measure that addresses these
issues must be founded on a theoretical framework
that recognizes the multifaceted nature of function.
The World Health Organization’s International
Classification of Function, Disability and Health
(ICF)14 categorizes function into three main domains:
body functions and structures, activity, and participa-
tion. Body functions and structures are physiological
functions of body systems, including psychological
function. Activity is the execution of a task or an
action by an individual. Participation considers func-
tion within the context of the child’s unique life
situation.14

The outcome measures of body functions and
structures with good psychometric properties have
been established for children with OBPP. The Active
Movement Scale (AMS) and Mallet shoulder evalu-
ation are reliable and clinically useful measures to
evaluate the outcomes in this category of function in
infants and children.15e17 These tools are clinically
useful in discriminating the AROM deficit in the up-
per limb and provide evaluative information regard-
ing the natural history of the injury or postoperative
results if administered repeatedly.12 However, these
measures only evaluate one aspect of function.
Children with OBPP may have limitations in their
function due to poor self-perception, psychosocial
adjustment, or influences of their personal or social
environment. These children have been shown to
have a lower self-esteem in relation to participation
in motor activities compared with their peers.11

Furthermore, psychosocial factors such as satisfac-
tion with the appearance of the limb can also influ-
ences decision making regarding the elective
surgical and rehabilitative interventions.10

Measures of activity and participation aim to eval-
uate the child’s upper extremity performance during
a task and within the context of their unique environ-
ment, respectively. The measures used in the present
studies on children with OBPP include nonstandar-
dized activities of daily living (ADLs) questionnaires,
nonstandardized bimanual activities, AssistingHand
Assessment (AHA), Pediatric Evaluation of Disa-
bility Inventory (PEDI), Pediatric Outcomes Data
Collection Instrument (PODCI), Ansula (an adapta-
tion of a standardized participation model), and
subjective measures of patient satisfaction.11,13,18e20

Among these assessments, the AHA, PEDI, and
PODCI have good psychometric properties.21,22

However, these assessments do not provide qualita-
tive information regarding activity or participation
deficits specific to the anatomical impairment of the
limb of a child with OBPP that can help determine
potential interventions at each joint level in this
population. Furthermore, the AHA requires video-
tape analysis that may be challenging in a busy clini-
cal setting. The PEDI is also not sensitive enough to
determine the activity limitations in the self-care abi-
lities of children with OBPP without hand impair-
ment.19 Therefore, a standardized disease-specific
activity and participation outcomemeasure is needed
to evaluate upper extremity function in children with
OBPP.

The purpose of this article was to report the
development of a new assessment tool, the Brachial
Plexus OutcomeMeasure (BPOM) and the evaluation
of the BPOMActivity Scale’s internal consistency and
construct validity.
MATERIALS AND METHODS

Development Process

The development of the new assessment tool
entailed four steps: 1) literature review to determine
the joint movement patterns that are essential for
evaluation in children with OBPP, 2) item generation
for the BPOM Activity Scale through compilation of
assessment items used by expert therapists, 3) acti-
vity analysis of potential test items using the AMS,
and 4) test item reduction.

Literature Review

Medline and CINAHL databases were searched for
surgical outcome studies on childrenwith OBPPwith
level of evidence one to four23 published between
1996 and 2006. Functional assessments were classi-
fied using the ICF14 and categorized anatomically
as one or more of the following: shoulder, elbow, fore-
arm, or wrist/hand assessment. Radiographic evalu-
ations were excluded as a measure of outcome.
Assessments with the highest frequency and clinical
usefulness24 were used to determine the essential
movements for evaluation in this population.

Forty-six studies were reviewed in the literature to
determine the essential components of evaluation.25

The most common and clinically useful measures
used are listed in Table 1 using the ICF model.
Eighty-three percent of these measures are both dis-
criminative and evaluative, 50% had specificity to
OBPP, and 42% were designed for the entire life of
the child (i.e., infancy to adulthood). Sixty-seven per-
cent used clinical observation and 33% used self- or
parental report. Quantitative methods of evaluation
were used in all the measures. Thirty-three percent
included qualitative methods. Half (50%) of the mea-
sures have established components of reliability and
validity.

Synthesis of the literature on outcomes of
ADLs26,27 and bimanual activities18,27,28 in children
OctobereDecember 2012 407



TABLE 1. Most Common OBPP Outcome Measures Used

Outcome Measures
Number of
Studies

Body function and structures measures
Active/passive range of motion 21
Mallet shoulder evaluation 16
Medical Research Council 11
Active Movement Scale 6
Gilbert shoulder 6
Raimondi hand 5

Activity and participation measures
Activities of daily living 5
Bimanual activities 3
Pediatric Evaluation of Disability Inventory 1
Pediatric Outcomes Data Collection Instrument 1
Adapted Ansula (Satisfaction Scale) 1
Subjective measure of satisfaction 1

OBPP¼ obstetrical brachial plexus palsy.
with OBPP, and the standardized measures listed in
Table 1 were used to determine the essential move-
ments for evaluation. These movements were labeled
‘‘primary movers.’’ The parameters of the AMS29

were used to define the upper extremity movement
and later conduct the activity analysis of the items
generated. The AMS is a standardized evaluation of
AROM of 15 movements using an eight-point scale
(Table 2). It has established psychometric properties
in this population.29,30 The 15 AMS movements in-
clude: shoulder (abduction, adduction, flexion, exter-
nal rotation, and internal rotation), elbow (flexion
and extension), forearm (pronation and supination),
wrist (flexion and extension), finger (flexion and ex-
tension), and thumb (flexion and extension).15 The
following active movements were determined to be
the primarymovers: shoulder external rotation, inter-
nal rotation, elbow flexion, forearm supination, fore-
arm, pronation, wrist extension, finger flexion, and
thumb flexion/adduction. This corresponds with
the essential movements required for basic hand
function and the key AROM deficits in children
with OBPP.
TABLE 2. Active Movement Scale

Observation Muscle Grade

Gravity eliminated
No contraction 0
Contraction, no motion 1
Motion#½ range 2
Motion$½ range 3
Full motion 4

Against gravity
Motion#½ range 5
Motion$½ range 6
Full motion 7

Request for permission to reprint pending from Clarke HM and
Curtis CG.32
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Item Generation

The BPOM Activity Scale tasks were generated
from a retrospective review of the assessment proto-
cols and forms used by the six expert therapists at the
Brachial Plexus Clinic at the authors’ institution. This
clinic is a world-leading Brachial Plexus Clinic that
evaluates 60e70 new infants with OBPP annually
and has seenmore than 1,400 children over the last 20
years. All activities used to evaluate function in
children with OBPP through direct observation or
relying on child/parent report over a 10-year period
(1992e2002) were reviewed. A list of 65 potential
test items was generated. Activity analysis was con-
ducted by the first author to determine the key
movement patterns targeted by each test item.

Each activity was divided into components using
the 15 AMS movements. Table 3 is an illustration of
thematrix used for the activity analysis. The activities
that evaluated the same AMS movements were
grouped together into a common movement group.
For example, three movement groups are shown in
Table 3. Both the activity items, ‘‘combs back of
head’’ and ‘‘ties ponytail’’ require the use of the
same upper extremity movements and therefore cat-
egorized as the samemovement group.Next, each ac-
tivity on the item generation list was assigned a
maximum of three primary movers.

Item Selection and Reduction

The list of activities was then reviewed for redun-
dant items. Items in the same movement group with
the same primary movers were ranked according to
their feasibility in the clinical setting as well as
applicability across gender and age (3e19 yr). The
most clinically useful activity items that measure the
same movements were chosen. The list was reduced
to 31 items as a result of this refining process. These
itemswere then trialed clinically by the first author in
the Brachial Plexus Clinic for six months. During this
period, the authors received feedback and reflection
regarding the clinical usefulness and administration
of the activity items from the interprofessional team
at the clinic. After this process, the items of the BPOM
Activity Scale were reduced to 11 activities through
consensus from the expert opinion of the authors.
The authors had a combined experience of 50 years in
the assessment and treatment of children with OBPP
at the time of review.

The Functional Movement Scale was developed by
the authors to grade the child’s upper extremity
function in performing the tasks of the BPOM
Activity Scale. This scale was defined by: 1) the
ability to complete the task and 2) the quality and
degree of compensatory movements observed in the
affected upper extremity during the task. The
Functional Movement Scale is an ordinal scale from



TABLE 3. Activity Analysis and Primary Movers

Functional
Movements

Movement
Group

Primary
Movers

Active Movement Scale

Shoulder
Abduction

Shoulder
Adduction

Shoulder
Flexion

Shoulder
External
Rotation

Shoulder
Internal
Rotation

Elbow
Flexion

Elbow
Extension

Forearm
Pronation

Forearm
Supinatio

Wrist
Flexion

Wrist
Extension

Finger
Flexion

Finger
Extension

Thumb
Flexion

Thumb
Extension

Combs back

of head

1 Shoulder

abduction

U U U U U U U U U U U

Shoulder

external

rotation

Holds

ponytail

to be tied

1 Shoulder

abduction

U U U U U U U U U U U

Shoulder

external

rotation

Pulls up

pants

2 Shoulder

internal

rotation

U U U U U U U U U U U U

Forearm

supination

Hand to

back

pant

pocket

2 Shoulder

internal

rotation

U U U U U U U U U U U U

Forearm

supination

Typing 3 Forearm

pronation

U U U U U U U U U U

Finger

extension

Finger

flexion

Uses

computer

mouse

3 Forearm

pronation

U U U U U U U U U U

Finger

extension

Finger

flexion
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one to five. A lower score represents a greater activity
limitation. A child who cannot complete the BPOM
Activity item is given a score of one. A score of five is
given to a child who is able to complete the BPOM
Activity item using a normal movement pattern that
is symmetrical to their unaffected upper extremity. In
developing the scale, there was a specific challenge of
defining the difference between minor and major
compensatory movements that are observed between
grades 3 and 4 in the scale. Absent active movement
in primarymover(s) as defined in the development of
the tool was used to distinguish the quality of
movement used to complete the task. At the end of
a trial period of several months, consensus on the
definition for each level of the Functional Movement
Scale was made by the authors.

Standardized guidelines for evaluation of each
BPOM activity item were developed. Concurrent
administration of the scale was then tested by ad-
ministration of the BPOM Activity Scale by one of
two student occupational therapists and the first
author in the clinic over a four-week period to
determine the preliminary interrater reliability and
whether revisions to the guidelines were required.
Consistent administration was achieved at the end of
the trial period with someminor revisions to the scale
guidelines. A description of the qualifying criteria for
each level of the five-point ordinal scale is provided
in the BPOM Activity Scale tool manual.

BPOM Self-evaluation Scale

The BPOM Self-evaluation Scale was developed as
an adjunct to the Activity Scale. Historically, several
outcome measures have been used to capture the
child and family’s functional goals within the context
of their unique life situation. This was an attempt to
incorporate a measure of ICF participation into the
protocol for evaluating function. The Canadian
Occupational Performance Measure (COPM),31 pre-
viously used as a standard measure, was modified
to improve application and efficiency. The child or
parent was asked to identify any functional problems
in ADLs, school, or leisure activities. The perfor-
mance and satisfaction of performance on each prob-
lem listed was rated on an ordinal scale from one to
four. What transcribed from this assessment was
the consensus from the expert therapists in the clinic
is that a standardized measurement of satisfaction
with upper extremity function was clinically useful.
It provided the critical information to help identify
when psychosocial factors were negatively impacting
the child’s overall function.

After a trial period of using the adapted COPM by
two expert occupational therapists, the BPOM Self-
evaluation Scale was developed. The aim of this
scale is to provide a routine and standardized mea-
sure to determine the child’s perception of their arm
410 JOURNAL OF HAND THERAPY
function and appearance. The initial evaluation con-
sisted of two visual analog scales that quantified the
child’s satisfaction with their upper extremity func-
tional performance and appearance. After a trial
period, three visual analog scales were developed
to measure hand and arm function as well as upper
extremity appearance to measure the distinction
between upper and total plexus palsy in children.
The language used on the scale and for administra-
tion was revised and reviewed to ensure comprehen-
sion from school-aged children. At the end of the trial
period, the authors achieved consensus in the devel-
opment of three visual analog scales and determined
that the scale is most reliable for children older than 7
years. The BPOM Self-evaluation Scale consists of
three (100 mm) visual analog scales to evaluate the
perceived function of the arm and hand, and the cos-
metic appearance of the limb of children (Figure 1).

The BPOM Self-evaluation scale measures a com-
ponent of the ICF definition of participation as it
considers the child’s upper extremity performance
within their unique life context. The authors would
not classify the BPOM Self-evaluation scale as a
stand-alone measure of participation. Despite the
need for both a standardized activity and participa-
tion measure in the literature, the authors feel that it
is more important to use an efficient and clinically
useful tool in a busy clinic. Clinicians are recom-
mended to supplement the BPOM Activity Scale and
Self-evaluation Scale with a global standardized par-
ticipation questionnaire when needed. The psycho-
metrics of the BPOM Self-evaluation scale is not
evaluated in this article.

Construct Validity

The authors’ institution’s research ethics board
approved the study. A retrospective case series re-
search design was used to conduct this study. The
Brachial Plexus Database at the authors’ institution
was reviewed to find all the brachial plexus clinic
visits in which the AMS and BPOMwere successfully
administered to children aged 4e19 years between
April 1, 2006 and April 1, 2010. The BPOM was
administered by one therapist or by a student occu-
pational therapist under direct supervision of this
therapist during this time period to minimize mea-
surement error. Evaluation of the correlation between
the AMS and BPOM Activity Scale was performed to
examine the convergent construct validity of the
BPOM Activity Scale.

The AMS was used to divide the cohort into two
groups according to the severity of their condition:
childrenwithout hand impairment and children with
hand impairment (i.e., upper plexus and total plexus
palsy, respectively). Children with hand impairment
are defined as an AMS performance of less than six
on any of the following movements—wrist flexion,



FIGURE 1. Brachial Plexus Outcome Measure.
wrist extension, finger flexion, finger extension,
thumb flexion, and thumb extension. Children who
had incomplete AMS or BPOM evaluations were
excluded from the study. Children with a traumatic
brachial plexus injuries or a developmental delay
were also excluded.

The raw and total scores of the AMS and BPOM
Activity Scale at each eligible clinic visit were
OctobereDecember 2012 411



TABLE 4. Demographics

Characteristics Measured (N¼ 306) n (%) or %

Age range (yr)
4e6 98 (32)
7e9 87 (29)
10e12 65 (21)
13e15 38 (12)
16e18 18 (6)

Gender
Male 41
Female 59

Affected limb
Right 55
Left 45

Type of brachial plexus injury (n¼ 284)
collected in a spreadsheet in a password-protected,
encrypted document. The total scores of the AMS and
BPOM Activity Scale were calculated as the sum of
the individual scores of the 15 AMS movements and
the 11 BPOM Activity items evaluated per patient,
respectively.

Cronbach’s alpha was used to evaluate the internal
consistency of the BPOM Activity Scale. Spearman’s
correlation of the total scores of the BPOM Activity
Scale and AMS was conducted using SPSS 17.0
statistics software (SPSS Inc., Chicago, IL).33 A nor-
mative distribution was determined for the BPOM
Activity Scale. Student’s t-tests were used to compare
the BPOM Activity Scale performance among chil-
dren with differing severity of brachial plexus palsy.
Upper 60
Total 40

Primary microsurgical reconstruction 54

Primary and secondary reconstruction 25

Secondary reconstruction only 7

Operative information unavailable 7

TABLE 5. Internal Consistency: Item-Total Correlation

Activity Items

Corrected
Item-Total
Correlation

Cronbach’s
Alpha if Item

Deleted

Hand to back of head 0.48 0.86
Forward reaching 0.49 0.86
Midline activity 0.60 0.85
Hand to back pocket 0.37 0.87
Hand to mouth 0.42 0.87
Operates computer mouse 0.72 0.84
Plays drums 0.71 0.85
Holds plate on palm 0.45 0.86
Opens large container 0.78 0.84
Pulls apart theraputty 0.57 0.86
Strings bead 0.72 0.85
RESULTS

The BPOM is a disease-specific activity assessment
that was developed through the Brachial Plexus
Clinic at the authors’ institution (Figure 1). It evalu-
ates the quality of upper extremity movement to
complete 11 activities that measure the key deficient
functional movement patterns in brachial plexus
palsy. The performances on these items are graded
using a five-point ordinal scale according to the abil-
ity to complete the task and the quality of movement
pattern executed.

Three hundred six (N¼ 306) patients were admin-
istered the BPOM between April 1, 2006 and April 1,
2010. The age range of the patients evaluated was
between 4 and 18 years (mean¼ 8.9 yr). The de-
mographics of this population are illustrated in
Table 4. There were slightly more right affected
(n¼ 169) brachial plexus palsy and girls (n¼ 181)
represented in this sample. One hundred sixty-four
(n¼ 164) patients had microsurgical reconstruction
of the brachial plexus in infancy. Of these patients,
76 also had secondary reconstructive procedures
that included surgical procedures on the shoulder, el-
bow, forearm, wrist, and the hand. An additional 21
patients only had a secondary procedure and did
not have surgery on the nerves of their brachial
plexus. Lastly, the operative information was incom-
plete for 22 patients in the cohort studied. These pa-
tients were referred to the authors’ Brachial Plexus
Clinic from an external facility after infancy and
had incomplete records.

Using the cohort of 306 patients, the BPOM
Activity Scale items demonstrated internal consis-
tency reliability of Cronbach’s alpha of 0.87. Item-to-
total correlation is shown in Table 5. This measures
how well the BPOM Activity Scale items relate to
each other. All items achieved moderate correlation
with the exception of ‘‘hand to back of pocket.’’

Only 284 patients had both the AMS and BPOM
scales administered on the same day. The AMS was
412 JOURNAL OF HAND THERAPY
used to determine children with upper versus total
plexus palsy. Children with impaired AROM on
the AMS in the wrist, fingers, and thumb were
classified as having a total plexus palsy. Most of
these children (n¼ 168) had had upper plexus palsy.
The BPOMActivity Scale and the AMS demonstrated
a strong correlation (Spearman’s rho r¼ 0.71,
p¼ 0.001, a¼ 0.05). Comparison of BPOM Activity
Scale outcomes according to the severity of injury
found that the childrenwith upper plexus palsy fared
significantly better than the childrenwith total plexus
palsy on the BPOM Activity Scale (t-test, p¼ 0.001,
a¼ 0.05).
DISCUSSION

The BPOM is a newly developed, disease-specific,
functional upper extremity assessment for children



FIGURE 3. A child with right-sided obstetrical brachial
plexus palsy performing hand-to-mouth activity.
with OBPP. The Activity Scale of the BPOM demon-
strates good overall internal consistency. Removal of
the test item ‘‘hand to back pocket’’ would slightly
improve the overall reliability; however, this item
was retained for clinical purposes. It is important in
determining the extent of shoulder internal rotation
deficit in consideration of secondary reconstructive
procedures for the shoulder.

The BPOM Activity Scale demonstrated overall
excellent construct validity when measuring the up-
per extremity function of a child with OBPP. The
BPOM Activity Scale demonstrated a strong correla-
tion with the AMS, which itself has been shown to
have good construct validity in this population.29

Furthermore, the BPOM Activity Scale demonstrated
sensitivity in discriminating the functional upper ex-
tremity performance between children with upper
and total plexus palsy.

The authors have chosen to demonstrate the con-
struct validity of the BPOM Activity Scale with the
AMS as it is the best impairment tool that measures
the severity of brachial plexus palsy in the full upper
extremity.29 Although the Mallet Scale16 has good
reliability17 to evaluate shoulder impairment in chil-
dren with OBPP, it was essential that the BPOM
Activity Scale be compared with a scale that mea-
sures the impairment of the entire upper extremity.

A validated disease-specific activity-based func-
tional evaluation for children with OBPP is essential
in guiding decisions regarding surgical and rehabil-
itative interventions. For the shoulder, impairment-
based assessment tools developed by Mallet and
Gilbert have been used to make decisions regarding
secondary shoulder reconstruction to enhance for-
ward flexion, abduction, and external rotation.3,16

Gilbert’s stage 2, defined as ,908 of abduction and/
or lack of external rotation has been described as
one indication for shoulder reconstruction.3 Others
have reported the use of a modified Mallet Score of
less than three as a guideline for consideration for
FIGURE 2. A child with left-sided obstetrical brachial
plexus palsy manipulating buttons at midline.
shoulder reconstruction.34,35 Degree of shoulder ex-
ternal rotation range of motion is the critical factor
in determining these guidelines.35 However, one im-
portant functional shoulder movement that is miss-
ing from these evaluations is the quality of shoulder
internal rotation of the upper extremity to perform
midline activities. Al-Qattan34 recognized this in his
outcome study that uses a modified version of the
Mallet Scale. This movement is important for ADLs,
such as doing buttons and zippers, which was con-
sidered as a priority in constructing the BPOM
Activity Scale as it is essential in evaluating the upper
extremity function before and after the shoulder re-
construction (Figure 2).
FIGURE 4. A teenager with left-sided obstetrical brachial
plexus palsy with elbow flexion contracture illustrating bi-
lateral forward flexion activity.
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FIGURE 5. Forearm activity evaluation. (A) Child with left-sided obstetrical brachial plexus palsy demonstrating neutral
forearm position and transpalmar grasp on drumsticks while playing the drums. (B) Same child demonstrating ability to
position forearm at 458 of pronation to click the mouse with left hand.

FIGURE 6. (A) A child with total plexus palsy with supi-
nation contracture. (B) The same child demonstrating iso-
lated finger movement when evaluated with Brachial
Plexus Outcome Measure activity item ‘‘uses computer
mouse.’’
Functional evaluation of the elbow in children with
OBPP should be conducted in consideration of the
typical shoulder external rotation deficit and elbow
flexion contracture in this population. A trumpet
sign, which was described by Mallet as the resultant
abduction of the shoulder during recruitment of
elbow flexion in the presence of weak shoulder
external rotation, impacts both the movement and
appearance of the limb16 (Figure 3). Elbow flexion
contractures greater than 308 may cause a limb length
discrepancy that impacts bilateral activities that
require the child to hold both the arms out-
stretched5,10,36 (Figure 4). The BPOM Activity Scale
items ‘‘hand to back of head’’ and ‘‘forward reach-
ing’’ provides this qualitative evaluation of elbow
function.

Evaluation guidelines specific to forearm function
in OBPP has not been clearly documented.6,37,38 As
illustrated in the introduction of this article, it must
be emphasized that the determination of the end
position after forearm reconstruction is unique to
each child and their respective hand function.
Biomechanically, Strickland9 states that the optimal
position for function is the forearm midway between
pronation and supination, the wrist dorsiflexed, and
the digits in moderate flexion. This is an ideal posi-
tion when a child only has a sufficient hand function
to produce a power grasp in the hand. Boehme39 ar-
gues that the most functional position of the forearm
is approximately 458 of pronation, as used seen when
writing. This is an ideal position when a child has ad-
equate dexterity in the radial digits for manipulation
at tabletop activities. It is with these biomechanical
considerations that the BPOM Activity Scale items
that evaluate the forearm position, including ‘‘play-
ing drums’’ and ‘‘uses computer mouse’’ measured
(Figures 5A and 5B). Although, a child with brachial
plexus palsy would not typically manipulate a com-
puter mouse with its affected limb, this activity is
414 JOURNAL OF HAND THERAPY
designed to assess whether the child has sufficient ra-
dial prehension or individual finger movement to
consider reconstruction of the forearm in the pres-
ence of a supination contracture (Figures 6A and 6B).



FIGURE 7. Fine motor activity. (A) Gross grasp function.
Child demonstrating ability to sufficiently abduct the left
affected thumb around large objects. (B) Fine grasp func-
tion. Child demonstrating fine pincer grasp with the af-
fected right hand.
Tendon transfers for wrist extension may be
recommended for children with OBPP with wrist
drop.40,41 Evaluation of wrist extension is a priority in
this population. Children with hand impairment are
poor candidates for secondary reconstruction of the
hand due to lack of appropriate donors and severity
of impairment.2 Evaluation of primary movements in
the hand of children with OBPP should include the
basic components of evaluation of hand function in
children: power grasp, precision grasp, and gross
grasp abilities42 (Figures 7A and 7B). This informa-
tion is valuable to the therapist working with a child
with total plexus palsy in providing accommodations
and adaptations for hand function.

The BPOM has demonstrated clinical usefulness
and emerging evaluative properties at the authors’
Brachial Plexus Clinic. It has been adopted by several
other clinics outside of the authors’ institution.
However, the limitations of the BPOM Activity and
Self-evaluation Scale are that the development of the
scale did not undergo the conventional formalized
process of item generation and reduction. The use of
focus groups or an expert panel that included a
family or child with brachial plexus palsy would
have been valuable in the development of the tool.
The authors also recognize that it is critical that the
BPOM undergo further psychometric evaluation,
including the interrater and testeretest reliability.
The next step clinically is to also evaluate the tool to
determine the evaluative validity in measuring
changes in upper extremity performance pre- and
postsurgical or rehabilitative interventions. These
investigations are underway and will be presented
in future papers.

The BPOM Activity Scale has good internal con-
sistency and construct validity as a discriminative
functional outcome measure in children with OBPP.
The strength of this BPOM Activity Scale is its ability
to discriminate the quality of function of the complete
upper extremity in this population. It has high clin-
ical utility due to its quick and easy administration,
easy-scoring ability, portability, and low cost. This is
ideal for a busy outpatient clinical setting. This study
presents data to support the clinical use of this tool to
evaluate the activity function of children with OBPP.
It is best used as an adjunct to an impairment
outcome measure, such as the AMS, to provide a
more comprehensive view of the child’s function.
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Quiz: Article #244
Record your answers on the Return Answer Form
found on the tear-out coupon at the back of this
issue or to complete online and use a credit card,
go to JHTReadforCredit.com. There is only one
best answer for each question.

#1. The two properties this study investigated re-
garding the BPOM were

a. reliability and validity
b. repeatability and predictability
c. internal consistency and construct validity
d. internal validity and construct consistency
#2. The subject population was

a. obstetrical brachial plexus palsy patients ages

4 to 19
b. obstetrical brachial plexus patients ages 2

to 13
c. thoracic outlet patients of all ages
d. preteen thoracic outlet patients
#3. To determine validity the BPOM was compared
to the

a. BMS
b. BPOB
c. ABC
d. AMS
#4. The BPOM is primarily a test of

a. psychological stability
b. social adjustment
c. function
d. strength and ROM
#5. The authors suggest the BPOM unfortunately has
low clinical utility

a. true
b. false
When submitting to the HTCC for re-certification,
please batch your JHT RFC certificates in groups of 3
or more to get full credit.
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