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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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CHAPTER TWO

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.?®
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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.

33



CHAPTER TWO

a8ueyd a8Je| = 8'0< ‘98ueyd 1eJapPOW = G'0< ‘@8ULRYD ||BWS = Z'0< ‘P S,UdY0D ZIS 199})3

G0'0>d dduUdIaIP ULIHUSIS
a8uel aj1uenb Ja1ul 1y

05’0+ ¥LL'O  8/90  S¥EO (r'v8 '6'€€) 599 (6'19 'S’ LY) €'€S (rS'eL1) 85T (LsL'8Tl) L'y uoIxa|4

0+ L0¥'0 I ZAN0] 9110 (6'66 '5°05) L°0L (zvL'e'Sv) TLS (£'65'9'81) §'LE (£'16'8°€0) 6'vL uomnpqy

18'€+ /100 8€L0 €L2°0 (59 '1°0€) L'0€ (6'€7'0)0 (r'91'0) 0 (gz'0)0 (uondNpge ) uoneIO. [euIIXg
(¥01) ueipaw ‘uoImaN : yisuaais apsniy

6€°0- L1€°0 £1€°0 000°L (£'9) g9 (£'9) 59 (£'9) L (£'9) £ uoixal4

8C'0+ £LS1°0 LLEO 000°L (£'9) L (£'9)G9 (£'9) ¢ (£'9) L uomnpqy

9C'l+ x£200 +£10°0 8900 (sDs (S'ev) s ('S 8zl (uondnpae ,0) uonelod [euIalIxy
(401) uelpaw ‘(3s39-1s10M ‘LIN-0IAI) 3]€IS JUSWIAOA AIDY

£9°0- £90°0 ¢LY0 xl100 (e'1z'8€l) oz (€'92'02) S5¢ (§'TT'sz)oe (§Le's°21) 82T uolisua1xy

LC o+ 8190 8€8°0 SL0°0 (081 ‘0S1) S9L (08l ‘g'evL) 041 (€991 ‘8'€Tl) S'CSL (5291 '8°€G1) 091 uoixal4

¢S50+ LS00 €870 L0 (08l ¥SL)0LL (o8l 'g'€cl) 0L (oz1'0LL) 091 (G2l '8'821) 091 uomnpqy

V1l'l+  £/10°0  +CE00 8500 (€98 '09) 5ZL (06 's¥) G'LL (528 '5'2S) 0L (§'z9'sl) sLe (uondNpage ,06) UONEIO [EUIDIXT

79'l+ 1100 8000 «+ClO0O (5'££'02) 0T (S 'e9l) S (v 's'za) o€ (0'€'92-) S'Ce- uoilejol eulsixy
(4O1) uelpaw ‘saa.18ap ‘uoirow jo aSues Jap|noys aAissed

Ly'0-  8LL'0 9910 £6¥0°0 (SzL'0)s (gzL'0ol (gzL'e9)0 (Sz'0)s'LL uolsuaIx3

Lo+ 2650 0¢L0 ¥9°0 (01 'ovL) S'est (G'zLL '8 €gl) 0GL (0£1 '8°£01) 5°TSL (091 '€'9¢l) S'L7L uoIxsl4

¢S50+ €0L'0 (2270} 08¢0 (SzLL'ovL) SZ9l (SzZL'8'8LL) Syl (021 's°L6) SEL (€191 '0LL) 0SL uomnpqy

G8'l+ xllL0'0 8000 %6l0°0 (€19 0€) S¥ (§'zL'se) ses (§29'€90) STw (§zT'eLl)s'e (uononpge ,06) UoieloU [eUIRIXT

8L L+ ¢S0°0 6500 +8l00 (S'£1'sz-) 0T~ (GzL'eLe) o (€9L'szl-) 0 (8'81-'€'95-) S'ze- uoile1oJ |eulslxy
(4O1) ueipaw ‘saa.48ap ‘uorow jo aued J3p|NOYs 3ANIY

p
s,uayo) d d d (syjuow 1) (syjuow 9) (syjuows g) (aurnaseq)

vi-LL vi-Ll €l-Ll AN VL €l (A} L aJnseaw awodno

'sa3uel anuenb Jajul Yyim uelpaW Se passaJdxa aJe S} Nsal |V JajSUeI) UOpuS) 3PSNW pue
95e3|2J 24N12L1UOD [PUIBIUI PAUIqUIOD e BuloSiapun dddN Yim uaip|iyd ul dn mojjoy 3e pue Ajaapetado-aid yiBuauis sppsnw pue uoow 40 38ued Jap|noys || d|qeL

34



SHOULDER FUNCTION AFTER SECONDARY SURGERY IN NBPP

98ueyd a8ue| = 8'0< ‘@8ueyd 3eIdpowW = G 0< ‘D8UBYD |[BWS = Z'0< ‘P S,UBYOD 9ZIS 10343

G0°0>d 32UBIRHIP JUEdHIUSIS

"z 18 PapJ0daJ 10U SeM JUBWSSasSe puey Sunsisse ay] X

28uelJ 3|13denb Jaiul YOI

LS50+ P00 £l¥00 GEL'0 (5'56'8'08)S°06  (8'G6 '€798) 06 (€26'81)58 (506 '5'SL) 88 (001-0) a|eds Suiuonouny [eqo|D
S0'0+ 6010 G590 8900 (00l ‘8'€6)00L  (00L '€°Z8) 56 (00l 'sz) o6 (00l ‘S8) 00L (001-0) 31e2s ssauiddeH
YT o+ 601°0 G59°0 LEL'0 (001 'S5'€6) 00L  (00L ‘€°86) 001 (00l '02) 68 (00L ‘€'92) 00L (001-0) 3[82S HOJWOD pue uled
9y’ 0+ 890°0 000°L €LZ0 (86 '8°£8) 56 (596 '68) 76 (€706 '5°08) 88 (€796 '5'8/) 5’88 (001-0) 3|e3s Sujuonoung [edisAyd pue spods
0+ TL0°0 1610 €re'0 (001 ‘€'96)00L (001 '¥6)S'86 (00L'S¥6)S'86  (00L ‘€°€6) L6 (001-0) 3(3s AMjIqON diseq pue Jaysued|
2T o+ ELED  £EVOO 9980 (8%8'8'19) 08 (68'8°L8) €L (€16 '¥S) 599 (78 '09) LL (001-0 d8ued) 3jeds ANwa.xg Jaddn
(4dI) velpaw (17@0d) 3uawnisu] Sud3||0) 3RQ BW02INQ dIRIPad
050+  £l¥00 ¥£0°0 X (6'88'6'88) 6’88 (6'88 '8'/L) 688 X (6'88°£'99) ¥'€8 (%) sway 32ed
SL'0+ LLEO LLED X (00l '8'56) 00L  (00L ‘8'S6) 001 x (00l '8'56) 001 (%) SWa31 UOKEUIPI00D
700+ S0L°0 LST0 X (00L'sz) o0l (00l ‘€2L) 00l X (00l '5'69) 001 (%) Sw1) wsUNSN[py 1010 Buld
910 L61°0 7580 X (00L'8£9)00L (00l ‘SZ) 00l x (00l 'S'%8) 001 (%) Sway dsesjay-dseln
G6'0+  ££000 9100 X (€€8'€'89) L (S2'799) L X (£'99 '8'95) 579 (%) sway asn Wiy
YT+ 010 000°L X (00L'Z16)00L (00l ‘SZ) o0l X (00l 7'€8) 001 (%) Sway 3sn [eJausD
0Z'0+ S60°0 S60°0 X (€98'8'€/)98 (€98'8'¢L) S8 X (€8'9/) 8 (snun yHy paseq 3180] 00 L-0) 40s €30
(¥O1) uelpaw Jusawssassy pueH Sunsissy
GS'E+  x900°0  £900'0 7000 ')y (') v ey (X4 YINON 03 pueH
Lz°0- LLEO 010 £8€00 (a7 roe (€St (k7 Yoeg 03 pueH
€T°l+ 48000 %8000  x€£T00 ey (A28 ey (e8¢ pesH 03 pueH
WL+ L91°0 900 x0v0°0 €1 (€eVe (€'e (ot uoIeI0I0X3
TE0+ LLEO LLED LLEO (287 (27 (r'8e) v (707 uodNPQy
(4DI) ueipaw ‘(353g-3S10M ‘A-]) 3105313]|BIN
p s,usayo) d d d (syuow 1) (syuow 9) (syzuow g) (auijeseq)
v1i-11 {ARINN €111 rARNE 21 €1 40 1L ainseaw awo2INQ

'sa3ueu a|1iuenb Ja1ul YyIM UeIPAW Se PassaJdxa aJe S3NSal |V “JaJSUBI) UOPUS) 9ISNW pUe 3SeI[aJ 94N3DEIIU0D [eUIdlUl paulquiod e Sujoiapun
ddgN Yyum uaJpjiyd ur dn mojjo4 3e pue Ajpanesado-aid sa10ds Juswiniisu| 8u3da||0) eyed awodinQ d11elpad pue Juawssassy pueH Sunsissy ‘19|je 111 3jqel

35



CHAPTER TWO

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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