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CHAPTER ONE

DEFINITION AND CLASSIFICATION

Neonatal brachial plexus palsy (NBPP) is a traction injury to the brachial plexus sustained
during birth. Worldwide reported incidences vary per country and per study and range from
0.1 per 1000 live births to 8.1 per 1000 live births.! Risk factors for NBPP have been studied
widely and it is well known that especially shoulder dystocia (i.e. the baby’'s shoulder is
obstructed by the maternal pelvis) resulting from higher birth weight (>4000 gram) is related
to the occurrence of NBPP; and to a lesser degree, multiparous pregnancies, prolonged
labour, breech delivery and/or any otherwise difficult delivery.23 Specific manoeuvres and
strategies have been developed to address the management of shoulder dystocia, which
have been shown to decrease the occurrence of NBPP.* Prevalence of NBPP seems to be
higher in some western European countries, including the Netherlands (1-2/1000), compared
to other regions, such as Finland (1/1000) and the United Kingdom (0.4/1000).">#
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3 e —\ 2]
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Figure 1 Anatomical representation of the Brachial Plexus

The brachial plexus is formed by the spinal rootlets of the 5% cervical to the 1% thoracic root,
which fuse to the superior, the middle and the inferior trunk which in turn branch into 3
anterior divisions and 3 posterior divisions. This results in the formation of the lateral, the
posterior and the medial cords which end in the terminal branches: the peripheral nerves
of the arm and hand (i.e. Musculocutaneous nerve, Axillary nerve, Radial nerve, Median
nerve and Ulnar nerve).
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INTRODUCTION

With respect to the extent of the nerve injury in NBPP, Algimantas Narakas proposed a
classification based on the level(s) of nerve injury at early presentation, i.e. when infants
are 2-3 weeks old.>'° This classification distinguishes 4 levels (I-IV): | Upper Erb’s palsy
(rootlets C5-C6), Il Extended Erb's palsy (rootlets C5-C6 and C7), Il Total plexus palsy (rootlets
C5-T1) and IV Total plexus palsy (rootlets C5-T1) with Horner's syndrome (ipsilateral miosis
and ptosis).? Erb’s palsies (C5-C6) are the most common form of NBPP injuries, total lesions
(C5-T1) comprise around 15%, and isolated lower plexus palsies (Klumpke's palsy C8-T1) are
very rare."'3

A severity classification of peripheral nerve injuries in general (including NBPP) has been
described by Seddon in 1943, which was refined later by Sunderland.'*'> Neurapraxia is the
least severe injury: temporary function loss without structural nerve damage. In case of
Axonotmesis the nerve fibers (axons) are ruptured but the surrounding structures
(endoneurial tubes, perineurium) remain intact. Outgrow of axons (estimated at 1 millimetre
per day) will lead to spontaneous recovery in the course of months. In Neurotmesis the
integrity of both the axon and surrounding structures are lost, and spontaneous recovery
will not occur. Another type of injury is Avulsion of the nerve rootlets from the spinal cord
(pre-ganglionic tear); spontaneous recovery will not occur.’®'”

Preganglionic tear (avulsion)

Postganglionic tear
(rupture neurotmesis)

Axonotmesis

Neurapraxia

Figure 2 Severity of peripheral nerve injuries
From top to bottom: Avulsion, Neurotmesis, Axonotmesis and Neurapraxia
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CHAPTER ONE

The natural history of NBPP has been studied by different authors but recovery rates vary
greatly due to methodological differences among these papers.'2'31819 A systematic review
concluded that rates for incomplete spontaneous recovery probably range between 20%
and 30%." In infants who do not show spontaneous recovery, the underlying nerve lesion
constitutes of neurotmesis or root avulsion, which necessitates early nerve surgery.* Usually
different forms of injuries within the brachial plexus elements are presentin a single patient,
which makes comparisons between patients difficult due to heterogeneity.'3

TREATMENT OF NBPP

Early nerve surgery, or ‘primary surgery’, is indicated in those children with NBPP who show
no, or limited, recovery of arm function over time. There is no generally accepted consensus
on how to select infants for nerve surgery.?® Many treating physicians agree that a total
brachial plexus lesion is indicative for nerve surgery at an early age.'®?"?2 The oldest ‘rule’
was provided by Alain Gilbert, who employs absence of biceps recovery at the age of three
months as indication for nerve reconstruction.® Howard Clarke employs a more stepwise
approach with different indicators at different ages.>

At the Leiden University Medical Center (LUMC) in The Netherlands, we endeavour early
surgery, i.e. complete lesions at three months of age, and incomplete lesions between 3
and 6 months, mainly based on absence of elbow flexion recovery.? Ancillary investigations,
specifically needle electromyography at the age of 1 month, aid in early identification of
severe nerve lesions.?® Depending on the nature of the nerve lesion, different surgical
modalities may be indicated. These include nerve grafting after excision of the neuroma,
nerve transfers (e.g. intercostal nerves to musculocutaneous nerves) or a combination of
techniques.?2272

A prospective randomized trial does not exist to answer the question for the indication for
early nerve surgery.3* Meta-analysis of the available literature has been performed with
varying outcome.'®?? These attempts were seriously hampered by different outcome
measures used and bias by indication, which makes pooling of data from different studies
virtually impossible.3!

The LUMC is one of the three NBPP expert centers in the Netherlands. Early referral to one
of these centers is very important to be able to decide whether nerve surgery treatment as
described above is needed.?? At the LUMC, 1142 patients with NBPP have been evaluated
and/or treated until January 2015. Of these 1142 patients, 534 underwent primary (nerve)
surgery.

When conservative treatment or primary nerve surgery does not lead to satisfactory function
recovery, and limitations in using the affected upper extremity persist, a secondary surgical
procedure may be indicated.? Persisting functional limitations can be related to the shoulder,
the elbow and/or the hand/wrist with close interaction between these joints and whole body
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function thus determining functionality for a specific patient as such. In the LUMC, 257
secondary surgical procedures were performed (up to January 2015) consisting of 166
procedures around the shoulder, 29 around the elbow and 62 around the hand/wrist.
Most secondary surgical procedures are performed about the shoulder since decreased
active shoulder external rotation range of motion (ROM) (i.e. enabling hand to mouth and
hand to head movements) is the most common remaining functional deficit in NBPP. These
functional deficits originate from muscle imbalance with subsequent soft tissue and joint
contractures resulting in glenohumeral joint deformity.23335

To address limited external rotation, various treatments can be performed: botulinum toxin
injections in contracted muscles, surgical contracture releases, muscle lengthening, muscle
tendon transfers or osteotomies.3**¢4° Muscle tendon transfers and internal contracture
releases around the shoulder are widely used and widely studied.*’ Most studies, however,
were mainly focused on ROM and Mallet scores (Mallet scale: instrument measuring general
shoulder movements*) and did not measure patient or parent satisfaction, functional
outcome or quality of life (QoL). Furthermore, most studies were not controlled and could
easily be biased by the co-interventions like prior surgical treatment, nerve surgery, and
conservative interventions. Also, most studies did not report the clinical course over time.
Regarding the elbow, possible procedures could be pronation osteotomies, possibly in
combination with m. biceps tendon rerouting or a release of the membrana interossea to
obtain a more functional position of the arm.** To create some active elbow flexion in case
of a complete paralysis of the flexors, a so-called Steindler procedure (flexor pronator group
transfer) can be performed, due to which the elbow can be flexed by the normally innervated
wrist flexors.#5#6 Surgical options for correction of elbow flexion contractures exist, but give
residual flexion contractures of up to 30 degrees. An open release is preferred by our group
due to the complications (i.e. additional nerve injuries) seen with arthroscopic releases of
the elbow.

To obtain a more functional hand, a variety of muscle tendon transfers remain, usually to
improve active wrist extension, thumb extension and /or finger extension.*47:48

Irrespective of treatment choices (e.g. conservative, primary and/or secondary surgery),
pediatric physical therapy is important in the management of NBPP.*° The physical therapist
monitors motor performance, joint mobility and muscle strength over time, but more
importantly instructs the parents on how to handle (e.g. carry, pick up and clothe) their baby
and how to perform exercises to maintain passive ROM. In The Netherlands, physical therapy
may start hospital based, always followed by home-based therapy, or starts home based
within 7-10 days after birth.#*° This home-based therapy is usually guided and monitored
by a pediatric physical therapist working in primary care. From the start, passive ROM
exercises should be performed for shoulder abduction, forward flexion, internal and external
rotation; elbow flexion and extension; wrist extension, pronation and supination; as well as
finger flexion, extension and thumb opposition and reposition. These exercises are
important in order to maintain passive mobility for future active movement to be
unrestrained.*'
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CHAPTER ONE

Depending on neurological recovery these passive ROM exercises are continued at least
until a better prognosis can be predicted. In growing infants glenohumeral joint movement
exercises have been described in order to prevent joint and muscle contractures and to
normalise shoulder movements.>**253 Contracture prevention can also be supported by
applying serial casting, orthoses, dynamic splints or botulinum toxin.“***>> Further treatment
should consist of monitoring and improving motor development and motor function.
Physical therapy is continued over time depending on treatment history and recovery and
a functional, tailored to the individual, therapy program should be applied in combination
with home exercises to maintain and/or improve functional abilities. Constraint induced
movement therapy, and possibly bimanual intensive training, have also been suggested
and described to improve function.52°¢ However, these interventions are not systematically
studied and their added value to rehabilitation programs remains to be proven.

CONSEQUENCES OF NBPP IN RELATION TO THE INTERNATIONAL
CLASSIFICATION OF FUNCTIONING, DISABILITY AND HEALTH

NBPP may have functional consequences throughout life.’*”7" Depending on initial
neurological damage and damage extent, functional recovery and treatment, these
consequences may vary from minor to very severe. At different stages of the child's life
(from infant to toddler, to preschool age, to grade school age, to adolescence) and even in
adulthood NBPP may have its consequences and might influence choices in life (school,
education, profession, work etc.). The interaction between the health problem (NBPP) and
its consequences in various health related components (body functions and body structures,
activities, participation and environmental and personal factors) is represented in the
International Classification of Functioning, Disability and Health model (ICF).”? The ICF was
originally accepted in 2001 and a children and youth version, emphasizing the influence of
personal factors and environmental factors on the health problem (e.g. the role of parents,
family, school, individual background etc.) was derived from the original ICF Model (ICF-CY).”
As of 2012 the additional components of the ICF-CY (i.e. personal factors and environmental
factors) were merged into the ICF creating one model to classify functioning, disability and
health throughout the lifespan.”

Figure 3 shows an example of the ICF model in relation to a possible problem due to NBPP.

In Table | the most common consequences of NBPP are presented in relation to the ICF
model.%® As can be seen in Table |, NBPP has impact on various components of the ICF.
Although the relation between the ICF components and quality of life (QoL) is complex and
depends for example on life expectations, it is likely that the condition also affects QoL. In
children with NBPP, a decreased QoL and limited upper extremity functioning (UEF)
compared to their healthy peers has been reported for children older than 2 years.”?7>

In addition, NBPP may also have impact on family and parental QoL. Throughout the child’s
life parents may be worried what the future for their child will bring and what consequences
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Health condition (i.e. diagnosis NBPP)

)
! | ! !

Body structure/function Activity ‘ Participation
(Impairment) <«—>  (Activity limitation) (Participation restrictions)
Control arm movement Catch and throw a ball Play ball games

1 1 !
| |

Environmental factors ‘ Personal factors

Support and expectations from others Child’s motivation and confidence towards the
regarding playing ball games activity and participation in it

Figure 3 ICF model in relation to possible NBPP problems (impaired control of arm movement)
Model based on the ICF model of the World Health Organisation (WHO).”?

NBPP will have on the QoL of their child. Age does not seem to have an effect on the family
impact but having a younger child with NBPP (age 0-2 years) has greater impact on maternal
QoL.7®77 Parents of children with NBPP, aged 0-18 years, feel that the condition of their child
has impact on the family in terms of finances, personal strain, social and mastery problems.
Furthermore, parents have an increased risk of psychological problems, distress and a lower
QolL. Condition severity is significantly associated with these problems.%87>7° How upper
extremity functioning (i.e. performing daily activities) and perceived QoL in children under
2.5 years of age are associated to family impact as a whole was not yet known.

THE LONGER-TERM CONSEQUENCES OF NBPP IN ADOLESCENTS AND
ADULTS

Only a few studies investigated NBPP in adolescents and (young) adults. Daily function-
ing (e.g. dressing, washing) in young adults with NBPP has been described as limited, in
the majority of patients due to pain.®®#° Physical problems related to NBPP during normal
activities such as cycling and swimming also have been reported. However, only a small
proportion of the patients reporting these problems seem to be unable to participate in
these activities.®!

Little was known about the impact of NBPP on patient-perceived participation in society in
adult life. There were no studies available focusing on this domain of the ICF and therefore
it was unclear to what extent patients experience restrictions in education, work, leisure,
sports and/or social activities. Moreover, prior to the current thesis it was unknown whether
NBPP has any influence on choice of education and/or work.
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INTRODUCTION

COMPREHENSIVE ASSESSMENT OF THE CONSEQUENCES OF NBPP

Assessing and monitoring consequences of NBPP on all ICF components is important to
understand the progress of NBPP throughout life, to prove efficacy of (new) treatment and
to evaluate outcome of (surgical) interventions. In NBPP research, multiple outcome
instruments were used, but no consensus exists on which instruments to use.®2 Moreover,
only few outcome measures were validated for use in NBPP and a large proportion of the
chosen instruments were only used in one or two studies. Often self-developed
questionnaires were used without reporting on these instruments’ psychometric
properties.®%> The most common used outcome measures were mainly based on measuring
bodily functions (e.g. active ROM, muscle strength) and bodily structures (e.g. passive ROM,
muscle length) but seldom on activity and participation levels, which determines functionality
as such. Rarely environmental and personal factors were taken into account.®? Although
improving participation throughout life is in the end the main goal of most interventions, it
was almost never measured in clinical studies. Furthermore, not many studies assessed
patient (or parent) expectations and satisfaction and/or cosmetic consequences of NBPP
treatment.82%° Table Il gives an overview of outcome measures used in NBPP research. It
includes the Pediatric Outcome Data Collecting Instrument (PODCI), a well-known instrument
regarding QoL measuring aspects across the ICF domains. It assesses different aspects of
daily living, overall health and pain in children and adolescents with musculoskeletal
disorders.® The PODCl is reliable, validated, suitable and tested for children and adolescents
(2-18 years old) with Musculoskeletal disorders, including NBPP.87-° A Dutch version of this
instrument was prior to this thesis not available. As can also be seen in Table Il not many
instruments were available for arm and hand function, especially not measuring parent
reported spontaneous use in daily life.®> Although the impact of NBPP on family has been
described using multiple outcome instruments’>7%7%, these instruments were not mentioned
in the systematic reviews regarding outcome measures in NBPP.828

Despite the comprehensive amount of literature on NBPP and the available outcome
measures, not all aspects of NBPP have been researched and there is a lack of well validated
outcome measures for NBPP.

For example, healthcare use in children with NBPP and factors which influence this, both
in the short and long term, and in regard to whether they are currently in follow-up or not
had not been researched. It is important to understand to what extent children with NBPP
use care and which patient characteristics, QoL and physical functioning parameters
influence this healthcare use. Furthermore, it remains unclear whether patients (or their
parents/caregivers) have unmet information needs. This is important to investigate given
that clinical, shared, decision making in NBPP is influenced by given or sought information.®’
To fully understand outcome of NBPP, it is important to take into account all aspects of
NBPP including family impact, perceived and/or reported QoL, participation, healthcare use,
information need as well as upper extremity functioning (including hand use at home) to
be able to understand the consequences of NBPP on life. When the consequences of NBPP
on life are better understood, healthcare professionals are more able to support parents
and/or patients throughout the NBPP treatment phase and possibly beyond.
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CHAPTER ONE

OUTLINE OF THIS THESIS

Given the lack of knowledge and available outcome measures the aims of this thesis are:

I.  Evaluation of functional outcome of secondary surgery around the shoulder (internal
rotation contracture release and external rotation tendon transfers) in the short term
and the long term with emphasis on pre-operative nerve surgery.

Il. Translation, cross cultural adaptation and evaluation of an outcome measure to evaluate
physical functioning and QoL and evaluation of an instrument measuring spontaneous
hand use at home.

[ll. Comprehensive description of the impact of NBPP on the family, on QolL, on Healthcare
use and Information need and on participation in adolescents/adults and/or children
with NBPP (all part of the ZAP Plexus study: Zorg (Care), Activities and Participation in
patients with NBPP).

Chapter 2 describes the short term functional outcomes, including QoL and parental
satisfaction, of an internal rotation contracture release and muscle tendon transfers of the
mm. Latissimus Dorsi and Teres Major for external shoulder rotation.

Chapter 3 describes the long-term outcomes of internal contracture releases and/or muscle
tendon transfers around the shoulder for children with and without a history of nerve
surgery.

Chapter 4 exemplifies the cross-cultural translation and adaptation of a well-known
musculoskeletal QoL questionnaire, the PODCI, into Dutch. This translated version of the
PODCI was used in the ZAP Plexus study as QoL instrument but also as reference instrument
for validation of the Hand Use at Home questionnaire (HUH) in children with NBPP.
Chapter 5 illustrates the construct validity and test-retest reliability of the newly developed
HUH in children with NBPP or unilateral cerebral palsy (UCP) aged 3-10 years old.

Chapters 6, 7 and 8 are part of the ZAP Plexus study in which age specific outcome measures
were used to investigate the impact of NBPP on the family, on QoL, on Healthcare use and
Information need and on participation in adolescents/adults and/or children with NBPP. An
overview of the used outcome measures is provided in Appendix I.

Chapter 6 reports the parent-perceived family impact, QoL and upper extremity functioning
in children with NBPP aged 0-2.5 years old.

Chapter 7 specifies healthcare use and information needs in (parents of) 0-18-year-old
children with NBPP.

Chapter 8 describes restrictions in participation, and QolL, but also influence of NBPP on
(choice of) education and work in adolescents and adults with NBPP.

Chapter 9 Summary and general discussion

Chapter 10 Summary of this Thesis in the Dutch language.
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CHAPTER TWO

ABSTRACT

Objective

Shoulder function in children with Neonatal Brachial Plexus Palsy (NBPP) can be impaired.
Functional gain is possible by an internal contracture release and muscle tendon transfer
(ICR+MTT) for external rotation. This study evaluates the functional results of this
intervention.

Methods

Assessments were done pre-operatively and 3, 6 and 12 months thereafter and included
joint-mobility (ROM), muscle strength, arm function (Assisting Hand Assessment (AHA) and
Mallet-score), Quality of Life (QoL) (Pediatric Outcome Data Collecting Instrument (PODCI))
and parental satisfaction. Changes were examined using Wilcoxon's Signed-Rank test and
Cohen’s effect size.

Results

Ten children (5 boys) aged 3-10 years who underwent a combined ICR+MTT (mm. Latissimus
Dorsi/Teres Major) were included. Active and passive external rotation ROM and muscle
strength improved (p < 0.05). Arm function improved according to the Mallet-score (Hand-
to-Head, Hand-to-Mouth, External-Rotation) (p < 0.05) and the arm use and pace scales of
the AHA (p < 0.05). The PODCI Upper Extremity/Physical Functioning and Global Functioning
subscales also showed improvements (p < 0.05). Parents were highly satisfied concerning
daily life activities and sports.

Conclusion

ICR+MTT leads to improvement of ROM, strength, arm function, QoL and high parental
satisfaction in this studies’ patients and is therefore a good intervention to consider in
children with NBPP with limited shoulder function.
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SHOULDER FUNCTION AFTER SECONDARY SURGERY IN NBPP

INTRODUCTION

Neonatal Brachial Plexus Palsy (NBPP) is the result of an injury to the cervical and/or thoracic
nerves (C5-T1), forming the Brachial Plexus, sustained during birth. The incidence of NBPP
varies from 0.38 to 5.10 per 1000 live births in various countries. Most injuries are mild
and spontaneous recovery occurs in about 70% of the children within 4-6 months after
birth. The remaining 30% is left with some kind of functional deficit. The clinical
manifestations of these injuries depend on the severity of the injury and the roots involved.
Children with persisting functional deficits can be either treated conservatively'?47 or may
undergo micro-neurosurgical intervention.?#° These treatments may not be sufficiently
effective in some children?*7?, resulting in remaining functional deficits and/or anatomical
changes which can become permanent or worsen over time.™

Limited external rotation of the shoulder is often seen in these children and can be an
indication for secondary surgery (contracture-release and/or muscle tendon transfers).>7:%11-23
Observational studies on the outcome of secondary surgical interventions are mainly
confined to changes in active or passive range of motion (aROM and pROM) and/or Mallet-
scores. Overall, improvements regarding these outcomes were reported in the
literature.""7"92 Two studies described an improvement in quality of life (QoL) using either
the Pediatric Data Collecting Instrument (PODCI)* or a questionnaire regarding the level of
satisfaction with activities of daily living, cosmetics and surgical procedure.?

Until now, no study has been conducted which, besides the changes in ROM, Mallet scores
and Qol, takes into account other relevant outcomes like muscle strength, bimanual
activities and the extent to which parental satisfaction in regard to their treatment
expectations are met. Improvements with respect to all of these outcomes are important
goals of surgical treatment. The aim of the present study was therefore to comprehensively
evaluate the results of a combined internal contracture release and a muscle tendon transfer
in the shoulder performed in children with NBPP.

PATIENTS AND METHODS

Study design

This study had an observational design and was conducted between 2008 and 2011 in the
Leiden University Medical Center, a tertiary referral center specialized in NBPP in the
Netherlands. The institution’s medical ethics committee approved the study (Studynr.
P08.008). All parents gave written informed consent.

Patients

All children who were seen and physically examined by the orthopedic surgeon (principal
investigator), who had an MRI of the affected shoulder and were thereafter, based on the
fact that they had limited external shoulder rotation and/or joint deformities, scheduled to
undergo a combined internal contracture release and a muscle tendon transfer (mm.
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Latissimus Dorsi and Teres Major) were eligible for this study. Additional inclusion criteria
were: Age 3-10 years, involvement of C5, C6 and/or C7 rootlets (“shoulder affected”) and
impairment had to be unilateral.

Fourteen children were eligible to participate. One canceled surgery, two children were
excluded because one had bilateral NBPP and the second was cognitively impaired and
therefore not able to cooperate. Of the 11 remaining children the parents of one child
decided not to further participate after baseline due to non-compliance of the child. This
participant is not included in the analyses.

Surgical intervention and postoperative rehabilitation

The following surgical procedures were employed:

Anterior internal contracture release: A deltopectoral incision was performed to expose the
coracoid. An incision was then made releasing the coraco-humeral ligament at the anterior
capsule of the shoulder at a length of 3 mm.

Tendon transfer: Through a curved incision at the posterior axillary border, the mm.
Latissimus Dorsi and Teres Major tendons were detached from the humerus. A second
incision was made cranial and posterior at the upper arm, followed by a deltoid split,
exposing the humeral head. The detached mm. Latissimus Dorsi and Teres Major were
transferred underneath the Deltoid muscle to the mm. Infraspinatus/Supraspinatus footprint
area. Both tendons were fixed independently with transosseous sutures at the greater
tuberosity of the humerus.

Rehabilitation consisted of 6 weeks baycast-plaster in slight shoulder-abduction and external
rotation, followed by physical therapy twice a week for at least 3 months. Treatment
consisted of maintaining/improving joint mobility and muscle strength and stimulating
bimanual activities. After three months, physical therapy was either stopped or continued
until no further functional recovery was seen.

Assessments

All children were seen a day prior to surgery and 3, 6 and 12 months thereafter. All outcome
measurements were performed at all follow-up time points except for the bimanual activities
test which was not performed at 3 months follow up. All assessments were performed by
a pediatric physical therapist (first assessor) with over 5 years of experience with NBPP
patients.

Sociodemographic and disease characteristics
The following data were retrieved from the medical record: age, gender, involved nerve
roots, affected side and previous treatments.

Shoulder range of motion

Active and passive shoulder range of motion in the directions flexion, extension, abduction,
and external rotation (in 0° and 90° abduction) were recorded with a goniometer.?®

30



SHOULDER FUNCTION AFTER SECONDARY SURGERY IN NBPP

Muscle strength

Isometric muscle strength was measured with the MicroFET Il handheld dynamometer,
Biometrics, Almere, the Netherlands, using the break method.?*?” Muscle strength of the
shoulder external rotators (0° abduction), shoulder abductors (45° abduction) and shoulder
flexors (45° flexion) was measured in Newton.

Shoulder movements

Shoulder movements of the affected arm were measured using the modified Mallet-score.
This score measures often used arm movements, including overhead movements, with
scores ranging from 1 = no function to 5 = normal function.?®3 The Active Movement Scale
(AMS) with MO = no contraction to M4 = full motion with gravity eliminated and M5 = less
than half the motion to M7 = full motion against gravity was administered for external
rotation (0° abduction), abduction and forward flexion.282931

Bimanual activities

To assess the use of the affected side during bimanual activities, including overhead
movements, the Assisting Hand Assessment (AHA) was used. The AHA is a semi-structured,
video-recorded, play-session for children (1.5-12 years) in which toys are used that
encourage bimanual handling. Scoring is done by reviewing the video with respect to 22
items, subdivided into 6 categories: ‘General Use’, ‘Arm Use', ‘Grasp and Release’, ‘Fine Motor
Adjustment’, ‘Coordination’ and ‘Pace’, using a 4-point criterion referenced rating scale with
4 = Effective to 1 = Does not do. The minimum total raw score is 22 (0%), the maximum raw
score is 88 (100%).3234 The total score can also be described in logit-based AHA units (0-
100).%> All play-sessions (baseline, 6 and 12 months post-surgery) were recorded and scored
by the first assessor. A second assessor scored 10% of the videos. Discrepancies were
discussed and by means of consensus a final score was determined. No more than 4 raw
points differences were found and therefore no additional videos were assessed.

Quality of life

QoL was measured with the Pediatric Outcome Data Collecting Instrument (PODCI).2429.36-38
The PODCI is a questionnaire designed to assess different aspects of daily living, overall
health and pain in children with musculoskeletal disorders. There are 6 scales: ‘Upper
Extremity and Physical Function’, Transfer and Basic Mobility’, ‘Sports and Physical Function’,
‘Pain and Comfort’, ‘Happiness’ and ‘Global Functioning’. The PODCI was translated into
Dutch using international guidelines for cross-cultural validation.?*#' The parent reported
version (2- 10 years old) was used.

Parental expectations and post-surgery satisfaction

To identify parental expectations regarding the functional outcome of the surgical
intervention a self-developed questionnaire, specifically designed for this study, was used.
In this questionnaire parents were asked to list all their expectations at baseline regarding
two domains; Activities of daily living (ADL) and sports (including playing activities).
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Subsequently they were requested to rank all expectations with respect to their importance,
with 1 = the most important expectation and so on (maximum dependant on number of
expectations recorded). Twelve months post-surgery, during an interview with the first
assessor, parents rated the extent to which their two highest ranked expectations (one in
ADL and one in sports) had been met and how satisfied they were overall concerning the
functional outcome of the surgical intervention, using a 5-point Likert-scale with 1 = highly
unsatisfied to 5 = highly satisfied. A score of 4 indicates an acceptable level of satisfaction.

Statistical analysis

Descriptive statistics were used to describe the clinical characteristics of the patients and
the satisfaction regarding treatment expectations. Comparisons of clinical outcomes at the
different time points were done by means of Wilcoxon's signed rank tests with statistical
significance at p<0.05. At 12 months Cohen's effect size compared to baseline was computed
(ES: (pre-treatment mean - post-treatment mean)/pre-treatment standard deviation). In
general an ES of >0.2 is considered a small effect, >0.5 a moderate effect and >0.8 a large
effect.*? Statistical analyses were executed using SPSS 20.0 software (IBM SPSS Statistics
20.0 for Windows, http://wwwO01.ibm.com/software/ analytics/spss/).

RESULTS

All results of the study are shown in Tables | to IV.

The high number of tests conducted gives an increased chance of a type | error occurring,
however correcting for this ‘multiple testing’ by adjusting the p-levels may lead to an
increased chance of a type Il error occurring. Therefore, effect sizes, as well as the true
observed values (medians and interquartile ranges) are given, whereas correction for
multiple testing has not been performed.

Table | shows the characteristics of the 10 patients; 5 boys/5 girls, affected side: 3 left, 7
right, lesion-topography: 4 C5/C6, 6 C5/C6/C7. Primary treatment consisted of neurolysis (n
= 1) nerve reconstruction (n = 5) and conservative treatment (n = 4). The primary surgical
treatment had been conducted at the age of 4-8 months. All participants had received
physical therapy during the first years of their lives.

Table Il shows the changes in shoulder aBROM, pROM and muscle strength. Active and passive
external rotation ROM and muscle strength increased significantly at one or more time
points. The differences for active external rotation in 90° abduction and passive external
rotation ROM were statistically significant at 3, 6 and 12 months. Overall, a decrease in both
active and passive external rotation ROM was seen between 6 and 12 months. Muscle
strength in external rotation increased significantly at 12 months. All ES for external rotation
including ROM in degrees, the AMS score and muscle strength in Newtons at 12 months
were >0.8, indicating a large improvement. Regarding abduction and flexion, active and
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Table | Sociodemographic and disease characteristics of 10 children with Neonatal Brachial Plexus Palsy
undergoing a combined internal contracture release and muscle tendon transfer.

Total group (n=10)

Gender (m/f); no. 5/5
Age, years; median (range) 4.5 (3-10)
Lesion topography; no.
C5/C6 4
C5/C6/C7
Affected side; no.
Left 3
Right 7

Previous treatment(s); no.
Neurolysis 1
Nerve reconstruction
Conservative

Physical therapy; no.
Yes 10
No 0

passive ROM in degrees, AMS-scores and muscle strength in Newtons, no significant changes
were seen. Both active and passive shoulder extension ROM decreased significantly at 3
months, but not at 6 or 12 months.

Table Il shows the changes on the Mallet, AHA and PODCI scores. Regarding the Mallet-
score, no changes were seen for ‘Abduction’, whereas significant improvements for ‘Hand
to Head’ and ‘Hand to Mouth’ were seen at all time points, and for ‘External rotation’ at 3
months. The ‘Hand to Back’ item deteriorated at 3 months. At 12 months, large ES were
seen for all Mallet sub-scores, except for ‘Abduction” and ‘Hand to Back'. The AHA ‘Arm Use’
subscale improved significantly at 6 and 12 months and the ‘Pace’ subscale at 12 months,
with large and moderate ES at 12 months. The AHA total score and all other subscale scores
did not change over time. The ‘Upper Extremity and Physical Function" and ‘Global
Functioning’ scales of the PODCI also showed significant improvements at 6 months and at
both 6 and 12 months respectively. All PODCI scales, except for the ‘Happiness scale’, showed
small ES at 12 months, with the ES for the ‘Global Functioning scale’ being moderate.

Table IV shows the parental satisfaction regarding pre-operatively highest ranked expectations
for the effect on functional improvements, as well as the overall satisfaction with treatment
results at 12 months. Eight parents were highly satisfied or satisfied with the results regarding
the highest ranked expectations for ADL activities, 6 parents with the results for expectations
on sports activities, and 8 parents with the overall treatment outcome.
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Table IV Parental expectations and satisfaction pre-operatively and at follow up in children with Neonatal
Brachial Plexus Palsy undergoing a combined internal contracture release and muscle tendon transfer.

b= B
] b4
a - a ° <
§ 5 2 & h %k
> " [ L [ - c v
c c '..9.; < (] 'g < [ K] g’b
R &5 £z S5 cz 23
=l 2~ o £ L < v E 25 T <
C o X @ o = o = e wn
2% £ fal 4 e 5 fal S 25 =5
" ca g2 % E e % E S
= ;@ Es = Es =i 9o
&8 28 XE 3 &E & 8¢
1(5) 6 Bringing somethingto 3 Swimming 5 5
the mouth
2(4) 2 Cycling 5 Swimming 5 5
3(7) 3 Running 2 Cycling 2 2
4 (3) 4 Eating 4 School gymnastics 5 5
5(3) 5 Dressing 5 None 3 4
6(8) 5 Cycling 4 Swimming 4 4
7 (4) 6 Dressing 4 Swimming 4 4
8(10) 8 Personal hygiene 5 School gymnastics 2 3
9(3) 2 Placing hand on and 5 None 3 5
above head
10 (6) 4 Dressing 5 Swimming 5 5

* Post surgery satisfaction range 1; highly unsatisfied - 5; highly satisfied.

DISCUSSION

In case of persistent external rotation limitations in children with NBPP, secondary surgery
consisting of a combined internal contracture release and a muscle tendon transfer (mm.
Latissimus Dorsi and Teres Major) can be considered. The current study in 10 children found
that shoulder external rotation ROM and strength, bringing the hand to the head and to
the mouth, the use of the affected arm in bimanual activities, and overall (arm) function
improved significantly in the year following this intervention. A negative effect on shoulder
extension ROM and bringing the hand to the back was seen. The majority of parents were
satisfied with the result after 12 months.

The results are generally in line with the literature. Concerning shoulder external rotation

ROM, positive effects were also reported in 13 other studies.'31517192443 With respect to
shoulder abduction, previous studies reported an increase!''31517.19-2443 ‘whereas in this
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study no significant effect on abduction was seen. This could be due to the relative good
shoulder abduction and flexion ROM, AMS scores, strength and Mallet scores before surgery.
Improvements of functional movements of the arm, including bringing the hand to the head
and mouth have been reported earlier as well.2%?22 The same holds for the negative effect
on bringing the arm to the back.’™"”

In general, the effect on shoulder external rotation in ROM and on Mallet scores decreased
between 6 and 12 months. This decline might be related to the observation that for most
daily activities only a limited range of shoulder external rotation, especially in 0° abduction,
is needed. External shoulder rotation in daily activities is usually combined with some
shoulder abduction/flexion. It might also be related to the fact that external rotation
exercises were only performed during the physical therapy period (first 3 months after
baycast-plaster removal). The question remains to what extent external rotation in 0°
abduction is of clinical importance regarding the performance of daily activities. Still, loss
of external rotation in 0° abduction is one of the parameters indicating the need for
secondary surgery.*4 Ultimately, active ROM is a composite that will determine overall
functionality and thus quality of life of the child.

No previous study included a measurement of muscle strength so far. Although it is difficult
to perform muscle strength measures in young children using a handheld dynamometer,
it is a well-known and usable assessment instrument for children. Reference values of
maximum isometric muscle force obtained with a handheld dynamometer are available for
children between the age of 4 and 16.% It remains to be established though to what extent
the gain in muscle strength seen in the present study contributes to the overall increase in
arm function.

Few studies have so far focused on daily activities and quality of life. Regarding bimanual
activities, the AHA was never used before in patients undergoing the described intervention.
In this study a small, yet positive change in the ‘Arm Use’ items was seen. The overall AHA
score however did not change significantly. This may be due to the relatively good hand
function most of our patients had before surgery.

Concerning quality of life, a positive effect for the PODCI scales ‘Upper Extremity and Physical
Function’, ‘Sports and Physical Function’ and ‘Global Functioning’ was seen in previous
studies?®, where as the present study showed no effect on ‘Sports and Physical Function'.
In line with the previous studies, no improvements were seen for the other three scales.?*
This lack of effect may be related to the fact that the PODClI is not specifically designed for
upper extremity conditions nor for NBPP.?° For the sake of efficiency in future research in
patients with NBPP it could be considered to use only the PODCI ‘Upper Extremity and
Physical Function’ scale.
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In concordance with the results of the present study, a relatively large proportion of parents
were satisfied with the intervention in previous research as well."> Measuring function in
children with NBPP is difficult, because most of the time they are fully functional in their
own way by employing compensational strategies. Moreover, no consensus exists on how
to measure this function in these children.* Nevertheless, it is still important to evaluate
the effectiveness of surgical interventions in children with NBPP. Children reported functional
problems due to NBPP in a recently conducted focus group study*’ and the parents of the
children in the current study reported functional problems as well. These findings underline
the importance of an evaluation on a functional level.

This study had a number of limitations. First, a relatively small group of patients was used.
This is due to the fact that the prevalence of NBPP is fortunately low these days. Therefore,
the present study and some previous papers reporting on this surgical procedure included
moderate to small groups of patients.'’'315172023 |n previous studies, the range of follow-up
and age was even wider than in the present study. Moreover, the characteristics of the patients
at baseline varied. Although this might be the case, all patients have a limited external shoulder
rotation and limited arm function in regard to the Mallet score and the AHA in common.
Because of the relatively large number of tests and time points in a small sample so called
‘multiple testing’ has occurred. Because of this a type | error cannot be ruled out. Correcting
for Multiple Testing can be done by adjusting the p-levels, however this method increases
the chance of a type Il error.“® To counteract this problem, effect sizes were calculated with
predefined cut off points for their interpretation. Overall, the use of effect sizes and the fact
that the observed scores and the magnitude of their changes are in line with those reported
in the literature, suggest that the changes seen in this group of patients are real and not a
result of a type | error.* It remains to be established though whether the results are
generalizable to other patients with NBPP and external rotation limitations. Another
limitation was the observational design, with no control group. However, it is questionable
whether using a control group is ethical in this study population. In contrast with most of
the previous studies however''-1317.2021 data was gathered prospectively with standardized
timing of assessments, using well defined outcome measures allowing an in-depth analysis
including multiple components of the ICF-CY (Children and Youth) as well as parental
satisfaction.*

CONCLUSION

This study showed that a combined internal contracture release and a muscle tendon
transfer (mm. Latissimus Dorsi and Teres Major) for external shoulder rotation is a good
intervention to restore arm function in children with NBPP. External rotation mobility and
muscle strength, hand to head and hand to mouth Mallet-score items, AHA ‘Arm Use’ items
and general functioning increased. Parents were overall highly satisfied with their
expectations concerning both daily life activities and sports being met. The results of this
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study are important for parents and children as more detailed information on the expected
treatment outcomes can contribute to the quality of the decision-making process.
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CHAPTER THREE

ABSTRACT

Objective

Irrespective of treatment history, shoulder dysfunction may occur in children with neonatal
brachial plexus palsy. Following internal contracture release and/or muscle tendon transfer
(ICR/MTT) shoulder function gain is possible. This study describes the outcomes of ICR/MTT
for children with neonatal brachial plexus palsy, with or without prior nerve surgery (a group
with prior nerve surgery and a group without prior nerve surgery).

Patients and methods

The study included children who underwent an ICR/MTT with a minimum follow-up of 6
months. Active/passive range of motion (aROM/pROM)/ Mallet scores were recorded (pre-
operatively, 6 months, and 1, 3, 5 and 10 years post-surgery). Changes over time within
groups were analysed using a linear mixed model.

Results

Atotal of 115 children (60 boys) were included, 82 with nerve surgery history, mean age 4.7
years (standard deviation (SD) 3.3 years), mean follow-up 6 years (SD 3.2 years). Pre-
operatively active external rotation, abduction and forward-flexion were worse in the group
with prior nerve surgery. aROM, pROM and Mallet scores, improved at all time-points in
both groups. The course and magnitude of these improvements were largely similar in both
groups. In the long-term, the effects of ICR/MTT decrease, but remain significant.

Conclusion

In children with neonatal brachial plexus palsy shoulder function improved after ICR/MTT,
irrespective of treatment history. Pre-operative shoulder function was worse in the group
with prior nerve surgery, resulting in less function in this group after ICR/MTT. Reporting
on outcome after secondary shoulder surgery should be stratified into children with and
without prior nerve surgery, in order to prevent over- or underestimation of results.
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INTRODUCTION

Neonatal brachial plexus palsy (NBPP) is the result of a birth stretch to the brachial plexus
with an incidence of 0.38-5.10/1000."* Most injuries are mild, and spontaneous recovery
occurs in 70-80% of cases, leaving the remaining 20-30% with some functional deficit.*
When sufficient spontaneous recovery is lacking, nerve surgery at a young age (3-9 months)
may be indicated.”*>'" These nerve surgery treatments may not be sufficiently effective in
some children, resulting in remaining functional deficits and muscular imbalance.?>7'° In
particular, restoration of external rotation remains incomplete in a large proportion of
nerve-surgically treated infants.’'3 In conservatively treated children, functional deficits
and muscular imbalance may develop due to incomplete spontaneous recovery. As a result
of muscular imbalance between the internal and external rotators of the shoulder,
anatomical changes in the glenohumeral joint may develop, further limiting function.'*'>
Irrespective of treatment history, limited functional recovery of the shoulder and/or
anatomical changes to the glenohumeral joint can occur, and this can be an indication for
secondary surgery in which an internal contracture-release and/or muscle tendon transfer
(ICR/MTT) is performed.>6810162% Opservational studies on the outcome of such secondary
surgical interventions show improvements in active and/or passive range of motion (aROM/
pROM) and/or Mallet scores.'62224-2830 A recent meta-analysis on the outcome of secondary
shoulder surgery confirms the effectiveness of these interventions.>'

Two studies have employed subgroup analysis and reported outcomes separately for
patients who have had prior nerve surgery and those who have not.??32 One study included
67 patients (mean age 6.4 years, mean follow-up 7.5 years, 37 had prior nerve surgery) who
underwent secondary shoulder surgery.?? The group without prior nerve surgery had better
outcomes regarding ROM. The second study reported 91 patients with a tendon transfer
to the shoulder, divided into 4 subgroups (upper- and total plexus lesions were analysed
separately, and divided with regards to: with/without prior nerve surgery (20 vs 71 patients,
respectively)). The group without prior nerve surgery had better pre-operative ROM, but
outcome of surgery over time was comparable for the groups.®> Two studies only included
children who have had no prior nerve surgery.?*= In 1 study, only one child had prior nerve
surgery and the outcomes for this child were described separately.?* One study reported
long-term results of abduction and external rotation.>* This specific study reported that
abduction decreased starting 6 years after surgery, whereas external rotation did not
decrease over time.

Thusfar, no study has described the course of clinical outcome both in the long-term and
in subgroups based on prior nerve surgery. Since children who have had nerve surgery are
different from those who have not, in terms of early spontaneous recovery, these concern
different subgroups of children within the NBPP population. Therefore, this long-term
followup study aims to describe the course of ROM and function over time, as well as
shoulder joint deformities pre-operatively, in 2 subgroups (with and without prior nerve
surgery), in patients with NBPP undergoing an ICR and/or MTT.

45



CHAPTER THREE

PATIENTS AND METHODS

Study design

This study concerned a retrospective analysis of clinical data derived from paper or electronic
medical records of children seen at the Leiden University Medical Center multidisciplinary
brachial plexus clinic (1996-2014). All data were gathered during usual clinical care, according
to a standardized (prospectively designed) protocol, and data extraction for the present
study was performed between May 2013 and September 2014. The medical ethics committee
of the Leiden University Medical Center waived informed consent for this prospective data
collection, since it is part of good clinical practice for this tertiary referral clinic.

Patients

All children diagnosed with NBPP were eligible for the present study if they met the following

inclusion criteria at the time of data extraction:

+ treatment consisted of an internal contracture-release and/or muscle tendon transfer
(ICR and/or MTT);

+ an electronic or paper medical record was available;

+ follow-up period of at least 6 months (first scheduled follow-up after surgery).

Surgical intervention and postoperative rehabilitation

Young children (under 4 years) received an ICR, whereas older children received an ICR and
a MTT (mm. latissimus dorsi and teres major). The ICR was performed posteriorly as a
subscapular muscle slide until 2002.35 After 2002 an anterior ICR was performed.

ICR

The anterior ICR was performed through a 1-2-cm deltopectoral incision exposing the coracoid
process. The coracohumeral ligament was released at the anterior capsule of the shoulder
by an incision of approximately 3 mm (the width of a number 15 surgical knife blade).

MTT

Through a curved incision at the posterior axillary border, the mm. teres major and latissimus
dorsi tendons were separately detached from the humerus. The humeral head was then
exposed by a second incision cranial and posterior at the deltoid area, followed by a deltoid
split. From the first incision, underneath the deltoid muscle the detached mm. teres major
and/or latissimus dorsi were transferred to the m. infraspinatus/supraspinatus footprint
area at the humeral head. The tendon(s) were independently fixed at the greater tuberosity
of the humerus with transosseous sutures.

Rehabilitation consisted of 6 weeks Baycast plaster in slight shoulder abduction and external
rotation position, followed by physical therapy twice a week for at least 3 months. Physical
therapy consisted of maintaining passive and improving active joint mobility and muscle
strength, and stimulating bimanual activities.
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Assessments

Sociodemographic and disease characteristics

Age, gender, involved nerve roots, affected side and type of ICR/MMT: release or release
and tendon transfer were recorded. History of nerve surgery prior to the ICR/MMT was
extracted from the medical record and categorized.

Clinical follow-up

The following data were routinely recorded during the outpatient clinic visit according to a
standardized protocol: pPROM/aROM of the shoulder and Mallet score. Despite the follow-up
protocol, exact timing of time-points differed among patients. Therefore, the following
time-frames were defined for statistical analysis: pre-operatively (T0), 6 months (T1, range
0-9 months), 1 year (T2, range 10-18 months), 3 years (T3, range 19-42 months), 5 years
(T4, range 43-66 months) and 10 years (T5, range 67-163 months). For analysis, follow-up
time-points were defined as time windows about specified follow-up periods. The definition
of time windows was based on completeness of data at all follow-up moments in a random
selected number of 10 medical records and after consensus among the authors.

Glenohumeral joint deformity

Magnetic resonance imaging (MRI) was used to assess pre-operative glenohumeral joint
deformity. From the MRI images the percentage of the humeral head anterior to the
midscapular line (%PHHA) and glenoid version were measured.

Shoulder range of motion

aROM of the shoulder in the directions external rotation (in 0° and 90° abduction) abduction,
scapulohumeral adduction and forward flexion were recorded with a 5° precision level. In
addition, pROM in the directions external rotation (in 0° and 90° abduction), glenohumeral
abduction and backward flexion were recorded. All measurements were made using a
goniometer.

Mallet score

Shoulder movements of the affected arm were measured using the modified Mallet score.
This score measures often used arm movements, including overhead movements, with
scores ranging from 1 = no function to 5 = normal function. The aggregated Mallet score
was computed as well, with scores ranging from 5 (minimum) to 25 (maximum) points.3¢-38

Statistical analysis

Descriptive statistics were used for the clinical characteristics of the patients and the
glenohumeral joint deformity at baseline (means with standard deviations (SD), frequencies
with percentages, where appropriate). Difference over time for the clinical outcomes for the
total group as well as for the 2 subgroups, were calculated by means of regression analyses
using a linear mixed model, thereby taking into account the repeated measurements within-
patients. Within the model follow-up time-points were the fixed effects and the patients the
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random effect. Outcomes were expressed as estimated means with standard errors and as
mean change scores with 95% confidence intervals (95% Cl). The level of statistical significance
was set at p < 0.05 for all analyses. All analyses were carried out using SPSS 20.0 software
(IBM SPSS Statistics for Windows, Version 20.0, IBM Corp., Armonk, NY, USA).

RESULTS

A convenience sample of 115 children met the inclusion criteria. The mean follow-up
duration was 6 years (SD 3.2 years, range 6 months to 13 years). The mean follow-up within
the time windows defined for T1-T5 was as follows: T1; 4.5 months (SD 2.5); T2; 13.1 months
(SD 2.6); T3; 29.4 months (SD 7.1); T4; 53.6 months (SD 6.7); and T5; 96.9 months (SD 23.9).
The numbers of patients at the follow-up moments are shown in Figure 1.

The baseline patient characteristics are described in Table I. There were 60 boys and 55 girls
with a mean age of 4.7 years (SD 3.3), with a total of 47 left sides and 68 right sides affected.
Lesion extent was C5 (n = 2), C5/C6 (n = 66), C5-C7 (n = 40), C5-C8 (n = 4) and C5-T1 (n = 3).
Eighty-two children (71.3%) had had prior nerve surgery (group with prior nerve surgery).
Primary nerve surgery consisted of nerve reconstruction in 74 and neurolysis in 8 children.

Table | Pre-operative characteristics of all included children with Neonatal Brachial Plexus Palsy undergoing
an internal contracture release or a combined internal contracture release and muscle tendon transfer.

Total Group Group without Group with prior
prior nerve-surgery nerve-surgery
(n=115) (n=33) (n=82)

Gender

Male (%) 60 (52.2) 18 (54.5) 42 (51.2)
Mean age at surgery (SD) 4.7 (3.3) 6.8 (4.3) 3.8(2.3)
Affected side:

Right (%) 68 (59.1) 16 (48.5) 52 (62.7)
Lesion extent:

C5 (%) 21.7) 2(6.3) 0(0)

C5-C6 (%) 66 (57.4) 28 (84.8) 38 (46.3)

C5-C7 (%) 40 (34.8) 3(9.4) 37 (44.6)

C5-C8 (%) 4(3.5) 0(0) 4(4.8)

C5-T1 (%) 3(2.6) 0(0) 3(3.6)
Surgical intervention

Release (%) 32(27.8) 11(34.4) 21(25.3)

Release/tendon transfer (%) 83(72.2) 22 (66.7) 61 (74.4)
Mean %PHHA (SD) 33.6(13.3) 36.0(12.1) 32.7(13.7)
Mean Glenoid version (SD) -18.1(9.7) -19.2(8.6) -17.6 (10.1)

%PHHA: Percentage of Humeral Head Anterior to midscapular line. SD: Standard Deviation
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Baseline Baseline
Group without prior Total Group Group with prior
nerve-surgery N=115 nerve-surgery
N=33 N=82

T1 (6 months) T1 (6 months)
N=33 N=82
2 lost to
> follow up
\ 4 \ 4
T2 (1 year) T2 (1year)
N=33 N=80
R 3 lost to
» follow up
\ 4 \ 4
T3 (3 years) T3 (3 years)
N=33 N=77
R | Bl
d follow up - P
\ 4 \ 4
T4 (5 years) T4 (5 years)
N=26 N=64
6 lost to 18 lost to
follow up follow up
P |2 interventions | |3 interventions
less than 10 less than 10
\ 4 years ago \ 4 years ago
T5 (10 years) T5 (10 years)
N=18 N=43

Figure 1 Flowchart showing number of patients in the two subgroups at the different follow up time points.

Depending on the severity of the nerve lesions and the availability of proximal stumps and/
or graft material a reconstruction tailored to the individual was performed. The largest group
consists of children in whom the superior trunk, or part of the efferents of the superior trunk
were reconstructed (n = 64). Additional re-innervation was performed on the middle trunk
(n = 9), the lower trunk (n = 1) or both (n = 1). The most frequent reconstruction was
intraplexal grafting of the complete superior trunk (n = 46). The reconstruction of the
suprascapular nerve and posterior division of the superior trunk were analysed, as these
nerve elements innervate shoulder motion. The suprascapular nerve was reconstructed in
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65 infants by means of grafting (n = 52) or transfer (n = 12). In 6 children reconstruction of
the suprascapular nerve was not possible, in 4 children with partial lesions the trajectory
to the suprascapular nerve was left intact, while other trajectories were reconstructed. The
posterior division of the superior trunk was grafted in 64 children; no reconstruction of the
posterior division had been performed in 5 children, and the trajectory to the posterior
division was left untouched in 6. The remaining 33 children were conservatively treated
(group without prior nerve surgery), usually consisting of contracture prevention and
maintaining function by a physical therapist.

Pre-operative values for the group without prior nerve surgery and the group with prior
nerve surgery differed in absolute values of ROM in terms of: active external rotation in 0°
abduction, abduction, forward flexion and scapulohumeral adduction as well as in the
aggregated Mallet score. These measures showed better results in the group without prior
nerve surgery compared with the group with nerve surgery (more than 5° in ROM and more
than one point in the aggregated Mallet score).

Overall, improvements in aROM, pROM and Mallet scores were seen in all groups. During
follow-up, these improvements were largely similar in both groups. The largest changes
were found between TO and T1. Almost all changes within the groups are significant at all
time-points, with the exception of active scapulohumeral adduction. In addition,
improvement in passive glenohumeral abduction was not significant in the group without
prior nerve surgery. Backward flexion and Mallet “Hand to Back” decreased significantly
over time, but only for the group with prior nerve surgery. Overall, there was a general
tendency to a decrease in function from T1 onwards for both subgroups. Changes over time
with 95% Cl are shown in Tables II-IV.

Table Il and Figures 2-4 show the course of aROM. With the exception of active
scapulohumeral adduction in all groups, aROM improved significantly at all time-points
compared with baseline. The largest improvement was seen at T1, whereas at later time-
points the differences with the pre-operative situation decreased. At all follow-up timepoints,
most absolute values of the aROM measures were more favourable in the group without
prior nerve surgery than in the group with prior nerve surgery. Only absolute values for
external rotation in 0° and 90° abduction were higher for the group with prior nerve surgery.

The course of pROM is shown in Table Ill. The pre-operative values of pROM were similar
in the group without prior nerve surgery and the group with prior nerve surgery. Except for
backward flexion and glenohumeral abduction in both groups, all measures of pROM
improved significantly at all time-points compared with baseline. Backward flexion decreased
significantly at all time-points for the group with prior nerve surgery and for the group
without prior nerve surgery only at T1. Like the clinical course of aROM, after an initially
large improvement directly following surgery, differences from baseline decreased gradually
in both subgroups. This pattern was, however, not seen for backward flexion in the group
without prior nerve surgery, which improved after an initial decline at T1.
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Active external rotation Range of Motion in 0° and 90° abduction
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Figure 2 Course of active external Range of Motion in 0° and 90° of abduction over time in two subgroups based
on estimated means and mean changes from the mixed linear model; from pre-surgery (T0) to 6 months (i.e.
TO+mean change T1), to 10 years post-surgery (i.e. TO+ mean change T5). Differences between T0 and all other
time points statistically significant for all groups and variables.
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Figure 3 Course of active abduction Range of Motion over time in two subgroups based on estimated means
and mean changes from the mixed linear model; from pre-surgery (T0) to 6 months (i.e. TO+mean change T1),
to 10 years post-surgery (i.e. TO+ mean change T5). Differences between T0 and all other time points statistically
significant for all groups.
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Active flexion Range of Motion
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Figure 4 Course of active forward flexion Range of Motion over time in two subgroups based on estimated
means and mean changes from the mixed linear model; from pre-surgery (T0) to 6 months (i.e. TO+mean change
T1), to 10 years post-surgery (i.e. TO+ mean change T5). Differences between TO and all other time points
statistically significant for all groups.

The course of Mallet scores is shown in Table IV and Figure 5. Pre-operative Mallet scores
were similar in the group without prior nerve surgery compared with the group with prior
nerve surgery, except for the “Aggregated score”, which was 2 points greater in the group
without prior nerve surgery. Except for the “Hand to Back” item in all groups, there was a
significant improvement compared with baseline for all Mallet items, including the
aggregated score. The “Hand to Back” item decreased significantly at all time-points for the
group with prior nerve surgery and for the group without prior nerve surgery only at T1.
This is in line with the previous pROM findings. The largest improvements in Mallet scores
were seen at T1 and T2, whereas at later time-points the differences to the preoperative
situation overall decreased. At all follow-up time-points, all absolute Mallet scores, except
for the “External Rotation” item at T4 and T5, were more favourable in the group without
prior nerve surgery than in the group with prior nerve surgery, leaving the group without
prior nerve surgery with better function according to the Mallet score.
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Aggregated Mallet score

Aggregated Mallet score

0 1 2 3 4 5 6 7 8 9 10
Years
# Aggregated score; group without prior nerve-surgery © Aggregated score; group with prior nerve-surgery

Figure 5 Course of the aggregated Mallet score over time in two subgroups based on estimated means and
mean changes from the mixed linear model; from pre-surgery (T0) to 6 months (i.e. TO+mean change T1), to
10 years post-surgery (i.e. TO+ mean change T5). Differences between T0 and all other time points statistically
significant for all groups.

DISCUSSION

This long-term follow-up study (over a mean of 6 years) reported the outcomes of secondary
shoulder surgery in 115 children with NBPP. In children, both with and without prior nerve
surgery, shoulder passive and active external rotation, (glenohumeral) abduction and
forward flexion ROM, as well as almost all Mallet score items, improved significantly.
Children without prior nerve surgery had overall better pre-operative shoulder function.
The positive effects of surgery decreased over time, to some extent, but differences from
baseline remained statistically significant. Only backward flexion and the Mallet “Hand to
Back” item decreased significantly. The children who were conservatively treated before
secondary shoulder surgery had an overall better shoulder function at all follow-up time-
points than the children who had undergone nerve surgery prior to shoulder surgery. Only
active and passive external rotation, both in 0° and 90° abduction, are slightly better at all
follow-up time-points after secondary shoulder surgery for children who had undergone
prior nerve surgery.

The favourable effect on ROM and Mallet scores in children with NBPP in the current study
is in line with the results of several other studies 62224303940 and a recent meta-analysis.*'
The same holds for the negative effect on backward flexion and the possibility of bringing
the arm to the back.?°2?
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In contrast to the current study, most other studies regarding the outcome of secondary
shoulder surgery in children with NBPP did not take prior nerve surgery into account 2'4' or
reported the outcomes for both groups as a single series.'620:24303940 Only 2 studies on the
outcomes of secondary shoulder surgery described the outcomes for the 2 groups
separately.??3 One study found, similar to the current study, that those children who have
had prior nerve surgery had worse ROM at baseline.®> The other study only stated that
improvement in ROM was greater for the group without prior nerve surgery 2?, which is
opposed to the findings in the current study, where improvements were similar. However,
the absolute values of all endpoint measures, except external rotation, in the current study
were more favourable in the group without prior nerve surgery. The number of included
patients in the present study who had nerve surgery was relatively high compared with other
studies. This is related to the fact that, in the Netherlands, this surgery is performed in 3
centres, of which Leiden is the largest and is also a “last resort” facility for babies with NBPP.23°

Secondary surgery is performed in children with NBPP with limited shoulder function and
possible joint deformities, irrespective of prior nerve surgery. The differences in pre-
operative characteristics of the group without prior nerve surgery and the group with prior
nerve surgery, and the clinical course over time after surgery made it clear that these 2
groups concern different subgroups of patients. Moreover, children in the group with prior
nerve surgery were, on average, 3 years younger at the time of surgery. This indicates that
these children show shoulder problems earlier in life, possibly because of worse function
and/or neurological recovery, and this again shows that both groups differ from each other.
Primary nerve surgery is performed only in those children who show no, or insufficient,
recovery of function around 3-6 months after birth ', thus constituting a selected group of
children. This phenomenon is usually designated as “confounding by indication”, and this
makes the outcomes of these subgroups not directly comparable.®

Regarding the long-term outcomes of secondary shoulder surgery, most other studies do
not show the course of clinical outcome over time at different time-points, but only give
pre-operative and post-operative values for the outcomes at a single point in time, which
may vary largely among individual patients.'¢-2224283%40 The present study included multiple
time-points, which made it clear that the beneficial effect decreases with time, except for
backward flexion, which after an initial decline, improved only in the group without prior
nerve surgery. The largest decrease was seen for shoulder external rotation ROM, especially
in 0° abduction, and for the Mallet “external rotation” item after 6 months' follow-up. Decrease
in shoulder function after secondary surgery has been described previously by one study,
in particular for abduction 6 years after surgery.>* In the current study, a gradual decrease
was also seen for other outcomes. The decrease in effect might be related to the fact that
patients may stop doing exercises at some time after surgery. The question is whether the
decrease is clinically relevant, as patients may not always need the full extent of their gained
ROM to perform daily activities. Moreover, despite the decrease, more than 5 years after
surgery, shoulder function was overall still significantly better than pre-operatively.
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This study has a number of limitations. First, there was a variation in follow-up moments
between individuals, due to the fact that data was gathered in routine clinical care (e.g.
sometimes appointments were rescheduled). Therefore, for analysis, follow-up windows
(combining follow-up moments) were defined. The chosen time windows were wide, thus
aggregating all available data. Nevertheless, missing data of some patients were present at
certain time-points. Between 5 and 10 years after surgery, a number of patients were lost
to follow-up; perhaps this group of patients had good clinical function and did not see the
necessity of follow-up, or had other reasons not to participate in follow-up. Thus, the group
remaining at long term follow-up is prone to selection bias. To a certain extent statistical
analyses of the data by means of a linear mixed model deals with missing data.
Measurements were made prospectively with a goniometer during regular patient care by
3 dedicated clinicians over time. Thus, intra and inter-observer variability might be present.
A long-term prospective outcome study with fixed time-points, to which patients and parents
adhere, could solve this limitation. Even so, children may become ill, resulting in rescheduling
and thus possible missing data. Secondly, some of the pre-operative patient characteristics,
other than the clinical outcomes, varied in terms of type and extent of the lesion within and
between both subgroups. The group without prior nerve surgery include only C5/C6+C7
lesions and the group with prior nerve surgery also had 7 children with involvement of C8
and/or T1. Thirdly, 2 types of secondary surgical interventions were used within both groups
and a change in operating technique for the ICR was made in 2002. Because all procedures
(ICR and ICR/MTT) are designed to improve aROM, pROM and function, no subgroup analyses
were done based upon the chosen intervention and/or technique. Fourthly, the size of the
2 subgroups were different, with more patients in the group with prior nerve surgery (82
vs 33). However, these patients differ in lesion severity by definition and clinical outcomes
of the secondary surgical intervention may not be directly compared between these groups.
Fifthly, no patient reported outcome measure or functional assessment was included,
besides the Mallet score. The Mallet score, however, only measures function and not
activities. Future studies should include analyses of activities and participation according
to ICF standards ** to further comprehend the outcome of secondary surgery around the
shoulder.

In conclusion, the present study shows that, in children with NBPP, shoulder function
improves after an ICR/MTT, irrespective of whether they have had prior nerve surgery. Over
the course of time the effects of secondary surgery decreased, but differences from baseline
remained significant, indicating permanently improved shoulder function. However, this
study also showed that pre-operative and postoperative shoulder function with respect to
active external rotation in 0° abduction, abduction, forward flexion and scapulohumeral
adduction ROM and the aggregated Mallet score, were better at all time-points in children
without prior nerve surgery compared with children who had nerve surgery, indicating that
both groups are different entities, and should be reported separately. Reporting the
outcomes for the 2 groups separately on multiple time-points, will prevent an over- or
under-estimation of the results of the orthopaedic intervention and is a good option to
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provide more accurate, detailed information. More detailed information on the expected
treatment outcome over time, taking into account prior nerve surgery, is important for
parents and children and can contribute to the quality of the decision-making process for
parents of patients and treating physicians.
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ABSTRACT

Objective

This study aimed to translate and cross-culturally adapt the Pediatric Outcome Data
Collecting Instrument (PODCI) into the Dutch language and evaluate its measurement
properties among children (age 3-10) with Neonatal Brachial Plexus Palsy (NBPP).

Patients and methods

The PODCI was translated and adapted according to international guidelines and
administered to 10 children with NBPP before and after surgery and thereafter twice again.
Subsequently, the Mallet-score, Assisting Hand Assessment and active Range of Motion
(aROM) were recorded. Cronbach’s-a and correlations between the PODCI and other
outcome measures were determined, as well as Intraclass Correlation Coefficients (ICC). In
addition, effect sizes (ES), Standard Response Means (SRM) and change scores with the 95%
Confidence Interval (95% Cl) were calculated.

Results

The final Dutch PODCI ‘Upper Extremity and Physical Function’ subscale and total score
‘Global Functioning’ showed good internal consistency (Cronbach’s-a 0.695/0.781) and
reliability (ICC 0.97/0.80) and were significantly associated with aBROM and the Mallet-score.
After surgery, a significant change of the total score (ES 0.57, SRM 1.23, change 4.22 points,
95% Cl 1.04-7.4) was seen.

Conclusions

The final Dutch PODCI had good measurement properties and appears useful in evaluating
quality of life and functioning in children with NBPP.
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INTRODUCTION

Neonatal Brachial Plexus Palsy (NBPP) occurs in about 0.38-5.10/1000 live born children'3
of which 20-30% remain with some functional deficits.? Treatment is directed at improving
daily activities and participation and Health-related quality of life (HRQoL) instruments
are considered useful in the assessment of these treatment outcomes.** The number of
HRQoL instruments for children with musculoskeletal disorders, taking into account
normal neurological maturation, is limited.*> Therefore, the Pediatric Outcome Data
Collecting Instrument (PODCI) was developed by the American Academy of Orthopedic
Surgeons (AAOS).* The PODCI consists of 5 subscales: ‘Upper Extremity and Physical
Function’, Transfer and Basic Mobility’, ‘Sports and Physical Function’, ‘Pain and Comfort,
‘Happiness’ and one total score: ‘Global Functioning’ (summary of all subscales, excluding
‘Happiness’). It is available in three versions (2-10 year parent-reported, 11- 18 year
parent- and self-reported).

During the development of the PODCI multiple musculoskeletal disorders were tested
including Scoliosis, Myelodysplasia, Cerebral Palsy (CP), Juvenile Rheumatoid Arthritis, Legg-
Calve-Perthes, Congenital Talipes Equino-varus, Congenital Leg-length Discrepancies,
Osteogenesis Imperfecta, Developmental Delay and Abnormal Gait.# The PODCI was shown
to be reliable, valid and sensitive to change.* After its initial development, the PODCI was
used in studies evaluating children with NBPP®°, CP'°, Unilateral Upper Extremity
Deficiencies', Scoliosis'?, Arthrogryposis'3, Duchenne Muscular Dystrophy'#'> and Acute
Hand and Wrist Injuries.'®

So far, the PODCI has been translated into multiple languages (Hebrew/Spanish/Korean/
Brazilian) but no Dutch version was available. Only the Korean and Brazilian translations
are published.®"

The aim of the present study was to develop a Dutch version of the PODCI, translated and
adapted according to international guidelines'®2, and preliminary examine its reliability,
validity and responsiveness in children with NBPP.

PATIENTS AND METHODS

Translation and adaptation

The PODCI consists of 83 to 86 questions depending on the version (11-18 self-reported;
83 questions, 2-10 and 11-18 parent-reported; 86 questions). An Excel (Microsoft, Redmond,
Washington/USA) scoring form, downloadable for free from the AAOS website, calculates
the standardized and normative sub-scores and total score.?' Standardized scores range
from 0-100, with “0” poor outcome/worse health and “100” best possible outcome/best
health. Normative scores are calculated so that a higher score indicates better functioning.
All scores are referenced to the American based general/healthy population mean normative
score of 50. This normative score does not hold for the Dutch general/healthy population.
According to international cross-cultural adaptation guidelines, all PODCI versions were
translated and adapted.'®%
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Stage I: Initial translation

Three bilingual native Dutch-speaking translators, two medically educated and one
layperson, translated all PODCI versions from the original language (English) into the target
language (Dutch). All items and instructions were translated without discussion among
translators. Challenging phrases or uncertainties were highlighted.

Stage lI: Synthesis of translations

The three translations were subsequently compared and any discrepancies were resolved
by discussion between the translators and the principal investigator (MH). A synthesis of
the 3 translations was produced, resulting in one common version in the Dutch language.

Stage lll: Back-translation

The common translated versions were back translated into the original language by three
bilingual native English-speaking translators, one medically educated and two laypersons,
who did not have access to the original versions.

Stage IV: Expert committee

An expert committee comprising a physical therapist (HV), a pediatric physical therapist (JE)
and the principal investigator (MH), who is also a pediatric physiotherapist, reviewed all
back-translations and the common Dutch translations. During a face-to-face meeting,
consensus was reached on final wording, grammatical issues, formatting, cultural relevance
and content validity resulting in the final Dutch PODCI versions.

Stage V: Test of the translated and adapted version

The final 2-10 year parent-reported version was field-tested among parents of 10 patients
with NBPP who attended the Orthopaedic (outpatient) clinic of the Leiden University Medical
Center. These 10 participants were asked to write down any comments on addressed issues,
wording or lay out.

Validation

Study design

This study had a prospective cross-sectional design. It was executed between May 2008 and
October 2013 in the Leiden University Medical Center, which is a specialized NBPP center
in the Netherlands. Ethical approval was obtained from the Institutional Review Board,
(addendum) P08.008. All parents gave written informed consent.

Patients

All children with NBPP who were scheduled to undergo shoulder surgery (Internal
contracture release and mm. Latissimus Dorsi/Teres Major tendon transfers) were eligible
for this study. Additional inclusion criteria were: Age: 3-10 years, Involvement of C5, C6 and/
or C7 (“shoulder affected”) and unilateral impairment.
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Assessments

Of all children, sociodemographic and disease characteristics (age, gender, involved nerve
roots, affected side and previous treatments) were obtained from the medical record pre-
operatively.

The translated and adapted Dutch PODCI was self-administered pre-operatively and 12
months thereafter in a clinical setting. Additionally the following assessments were done pre-
operatively: Active Range of Motion (aROM): Abduction and External rotation??, Mallet score
measuring often used arm movements, including overhead movements (1: no function - 5:
normal function)”?24 and the Assisting Hand Assessment (AHA), a semi-structured, video-
recorded, play-session for children (1.5-12 years) in which toys are used that encourage
bimanual handling. Scoring is done by reviewing the video with respect to 22 items, subdivided
in 6 categories: ‘General Use’, ‘Arm Use’, ‘Grasp/Release’, ‘Fine Motor Adjustment’, ‘Coordination’
and ‘Pace’ using a 4-point criterion referenced rating scale (4: Effective - 1: Does not do).?>2
To examine the test-retest reliability the translated and adapted Dutch PODCI was self-
administered twice after the initial 12 months follow up, by regular mail, to all parents of
the children, with an interval of 2 weeks.

Statistical analysis

Statistical analyses were executed using SPSS 20.0 (IBM, Armonk, New York/USA).?° All
continuous variables were expressed as means and standard deviations (SD), or as medians
and Inter Quartile Ranges (IQR), according to their distributions.

Internal consistency

Internal consistency of the final Dutch PODCI (the extent to which the different items are
correlated) was determined by calculating Cronbach'’s alpha. The internal consistency is
considered to be good when Cronbach'’s alpha is between 0.70 and 0.95.%°

Floor and ceiling effects

Mean final Dutch PODCI scores were determined and floor and ceiling effects were counted.
Floor or ceiling effects are present if > 15% of the population scores either the minimum or
the maximum.®'

Construct validity

Spearman’s rho was determined between the final Dutch PODCI and all clinical variables
(aROM, Mallet score, AHA) to determine the construct validity. Correlations > 0.5 are
considered to be moderate to good correlations and correlations > 0.75 are considered to
be good to excellent correlations. Significance for all correlations was computed as well
with a p value smaller than 0.05 being considered significant.

Responsiveness to change

Cohen's effect size (ES = (pre-treatment mean - post-treatment mean)/pre-treatment SD)
and the Standardized Response Mean (SRM = (pre-treatment mean - post-treatment mean)/
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change score SD) were computed between pre-operative and 12 months post-operative
final Dutch PODCI measurements. An ES/ SRM >0.2 is considered to be a small effect, > 0.5
a moderate effect and > 0.8 a large effect.3*3° In addition, a paired sample t-test was
performed to detect significant changes over time (p < 0.05 for statistically significant
difference).

Test-retest reliability

Systematic differences between the test and retest were calculated for all final Dutch PODCI
scores by means of Wilcoxon's signed rank tests. In addition, intra-class correlation
coefficients (ICC) were computed between the test and retest scores, with a value of > 0.70
being considered the minimum acceptable value.303

RESULTS

Translation and adaptation of the PODCI

During the translation process, a few PODCI items were discussed for adaptation. Question
2 is about pouring milk from a half-gallon container. In The Netherlands, these kind of half-
gallon containers are seldom used. One litre and 1.5 litre milk cartons are commonly
available. Finally, the 1.5 litre carton was included in question 2 because the weight of this
carton is closest to the original half-gallon container. Questions 23 and 24 refer to being
able to walk 1 (q24) or 3 blocks (g23). Since there is no definition of the exact length of 1
block, the translation of ‘block’ into the Dutch word ‘straat’ (street) was chosen. Question 44
poses a few examples of sport and play activities including touch football. Since touch
football is not commonly played in The Netherlands it was removed. The final translated
and adapted version (final Dutch PODCI) was used in the field test.

Field test

The final Dutch PODCl was field tested among parents of 10 patients with NBPP. They were
asked to state all inconsistencies, wording and lay out problems they found. None were
declared and therefore the field-tested version was adopted as the final version.

Validation study

Disease characteristics

Ten patients participated in this study. There were five girls and five boys with a mean age
of 5.3 years (SD 2.4). Four had C5/C6 lesions and six had C5/C6/C7 lesions, three were right-
side affected and seven left-side. Six were treated neurosurgically (1 neurolysis, 5 Brachial
Plexus reconstructions) and four were treated conservatively. The disease characteristics
are reported in Table I as well.

All patients completed the pre-operative and post-operative assessments, including the
parent reported final Dutch PODCI, whereas nine patients completed the parent reported
final Dutch PODCI thereafter twice again to determine the reliability.
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Table | Sociodemographic and disease characteristics of 10 children with Neonatal Brachial Plexus Palsy
undergoing a combined internal contracture release and muscle tendon transfer participating in the Dutch
PODCI validation study.

Total group (n=10)
Gender (m/f); no. 5/5
Age, years; mean (Standard Deviation) 5.3(2.4)

Lesion topography; no.

C5/C6 4
C5/Ce/C7

Affected side; no.
Left 3
Right 7

Previous treatment(s); no.
Neurolysis 1
Nerve reconstruction

Conservative 4

Internal consistency, floor and ceiling effects and responsiveness to change

Table Il shows the internal consistency of the final Dutch PODCI, the mean pre- and post-
operative final Dutch PODCI scores including floor/ceiling and responsiveness to change
scores between baseline and 12 months follow-up.

Cronbach'’s alpha for internal consistency varied between 0.161 and 0.928. It was low for
the ‘Pain and Comfort’ subscale, moderate for the ‘Transfer and Basic Mobility’ and ‘Sports
and Physical Function’ subscales, and good for the ‘Upper Extremity and Physical Function’,
‘Happiness’ subscales and the total score ‘Global Functioning'.

No floor scores were seen in the final Dutch PODCI. Ceiling effects, however, were seen for
Transfer and Basic Mobility’, ‘Sports and Physical Function’ ‘Pain and Comfort’ and ‘Happiness'
subscales but not for the ‘Upper Extremity and Physical Function’ subscale and the total
score ‘Global Functioning'.

The responsiveness to change (pre-operative - 12 months follow-up) is shown by means of
ES, SRM and the paired sample t-test with 95% confidence intervals. ES were small (0.05-
0.46) except for the total score ‘Global Functioning' it was moderate (0.57). SRM was
moderate for the ‘Upper Extremity and Physical Function’, ‘Transfer and Basic Mobility’,
‘Sports and Physical Function’ subscales (0.53-0.67) and small for the ‘Happiness’ and ‘Pain
and Comfort’ subscales (0.07-0.46). For the total score ‘Global Functioning’ a large change
was found (SRM 1.23). A significant improvement was seen only for the total score ‘Global
Functioning’ (mean change 4.22 points, 95% Cl: 1.04-7.41, p = 0.016). The Transfer and Basic
Mobility’ and ‘Sports and Physical Function’ subscales reached a near significant change
over time (p = 0.06).
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Construct validity

Table Ill shows the associations between the final Dutch PODCI scores and all other variables.
The ‘Upper Extremity and Physical Function’ subscale correlated moderate to strongly with
aROM abduction, Mallet ‘External rotation’, ‘Hand to Head' and ‘Hand to Back’ items, the
total Mallet score and the AHA ‘Arm use’ items as well as the AHA total score (r = 0.505-
0.915). All were significant (p < 0.05) except for the Mallet ‘Hand to Head' item, the AHA "Arm
use’ items and the AHA total score. The total score ‘Global Functioning’ shows high
correlations with aROM abduction, Mallet ‘External rotation’, ‘Hand to Head’, ‘Hand to Back’
and ‘Hand to Mouth’ items as well as the total Mallet score (r = 0.520-0.901). All were
statistically significant (p < 0.05) except for the aROM Abduction and Mallet ‘Hand to Back'’
and ‘Hand to Mouth’ items. Furthermore the ‘Happiness' and ‘Pain and Comfort’ subscales
showed high correlations with Mallet ‘External rotation’, ‘Hand to Head' and ‘Hand to Back'’
items (r = 0.523-0.667) of which only the Mallet ‘Hand to Head’ item correlation to the
‘Happiness’ subscale is significant (p < 0.05).

Test-retest reliability

Table IV shows the mean test and retest scores and ICC for test-retest reliability. None of
the differences reached statistical significance. The largest absolute difference was seen in
the ‘Pain and Comfort’ subscale (Test: 90.67, SD 13.98 and Retest: 98.78, SD 3.67). This
difference was found to be mainly the result from a large discrepancy between scores
provided by one parent (Test: 56 and Retest: 100). The ‘Upper Extremity and Physical
Function’, Transfer and Basic Mobility’, ‘Sports and Physical Function’, 'Happiness' subscales
and the total score ‘Global Functioning’ showed a good to moderate test-retest reliability
(ICC 0.636-0.972, p < 0.025). The ‘Pain and Comfort’ subscale had a very low ICC (0.022, p
=0.476).
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Table IV Pediatric Outcome Data Collecting Instrument (PODCI) test-retest reliability.

PODCI T1 Mean (SD) T2 Mean (SD) T1-T2 T1-T2
N=9 Cronbach’sa 1CC
Upper Extremity scale 83.33(18.13)  83.44(17.85)* 0.986 0.972%*
Transfer and Basic Mobility scale 99.67 (1.00) 99.33(1.32)* 0.778 0.636**
Sports and Physical Functioning scale 92.56 (5.15) 93.56 (5.59)*  0.973 0.948**
Pain and Comfort scale 90.67 (13.98)  98.78(3.67)*  0.043 0.022
Happiness scale 88.89(17.09)  90.56 (13.57)* 0.980 0.96%*
Global Functioning scale 91.56 (7.02) 93.56 (6.41)*  0.891 0.803**

* Differences between test and retest did not reach statistical significance (All P>0.05, Wilcoxon Signed Rank
test). ** Significance p<0.05. Means with Standard Deviations (SD). Intra Class Correlation (ICC)

DISCUSSION

This study aimed to translate and adapt the PODCI into the Dutch language and validate
the 2-10 years parent-reported version for use in children with NBPP. The final Dutch PODCI
was found to be a useful tool to evaluate QoL and functioning in children with NBPP. The
final Dutch PODCI’s internal consistency, responsiveness to change, construct validity and
test-retest reliability was overall found to be good.

These findings are generally in line with the literature concerning the development of the
PODCI* and the usability in children with musculoskeletal disorders including NBPP.6131¢ |n
these reports the validity and reliability was also found to be good. The internal consistency
in the present study was lower than reported in the development study of the PODCI* and
the Brazilian cross cultural adaptation.”” The ‘Pain and Comfort’ scale showed a low
Cronbach’s alpha (0.16, Table I1). This could be due to the fact that the study population was
rather small. The Korean cross cultural adaptation and validation study however also
reported a low internal consistency for this sub-scale.™

Floor and ceiling effects were explicitly reported by few other studies.®'®3” A ceiling score
was observed in all subscales of which the most in the ‘Transfer and Basic Mobility’, ‘Pain
and Comfort’ and the ‘Happiness’ subscales (Table Il). This corresponds with the findings in
the present study, however no ceiling effects were found for the ‘Upper Extremity and
Physical Function’ subscale and the total score ‘Global Functioning'. From other publications
concerning NBPP patients, floor and ceiling effects can only be concluded from the score
ranges observed.®’

The final Dutch PODCI showed to be responsive to change (Table Il). Moderate to large ES
and SRM were seen especially for the total score ‘Global Functioning'. This total score showed
a significant difference between baseline and 12 months follow up. This is in line with
previous studies in children with musculoskeletal disorders, including NBPP.210.13:16
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The results in regard to the relationships between the final Dutch PODCI scores and Mallet
scores (Table Ill) are in line with previous studies. Bae et al. found significant correlations
between the aggregated Mallet scores and the total score ‘Global Functioning'.” However,
Dedini et al. found no significant correlations between ROM and PODCI scores® whereas
the current study found a significant correlation between the abduction aROM and the
‘Upper Extremity and Physical Function’ subscale (Table III).

Correlations between the AHA and the final Dutch PODCI have not been investigated before
and the present study shows a moderate to good correlation between the ‘Upper Extremity
and Physical Function’ subscale and the AHA ‘arm use’ items and total score although not
significant (Table I1I).

ICC were found to be good even though the study group was small (Table IV). This is in line
with previous studies.*'*'738 The ‘Transfer and Basic Mobility’ subscale has an ICC value just
below the minimal acceptable value of 0.70. This is explained by the fact that one parent
reported that putting on a coat was easy at time point 1 and a little hard at time point 2.
Due to the relative small study group, the effect of this one different answer is rather large.
One could argue though whether the item putting on a coat should be in the ‘Transfer and
Basic Mobility’ scale or in the ‘Upper Extremity and Physical Function’ scale since putting on
a coat is also related to arm function. The ‘Pain and Comfort’ subscale scores very low
because 4 parents reported differently at different time points. The 3 items within this
subscale refer to pain in the previous week. Since the test-retest was done in a 2-week period
a change in answering is possible. A study within a larger group should be conducted to see
whether the test-retest reliability of this subscale is really low.

This study had a number of limitations. First, a relative small, diverse group was used.
Secondly, no other questionnaire was used for reference and to measure validity. Thirdly,
the patient group used was bound to report problems on the ‘Upper Extremity and Physical
Function’ subscale because of their diagnose. Children with NBPP however mostly don't
have problems with other parts of their body and therefor other subscales of the final Dutch
PODCI show ceiling effects and no correlations with other measures were seen, as was
expected.

To further investigate the psychometric properties of the final Dutch PODCI for general use

in children with musculoskeletal disorders, including NBPP, a cross sectional study in a larger
group of children should be done.
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CONCLUSION

The PODClI is a well-established tool to evaluate QoL and physical functioning in children
with musculoskeletal disorders including NBPP as shown in previous studies.®'>'® This study
showed the final Dutch PODCI version to be reliable and useful to assess QoL and physical
functioning in children with NBPP.
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