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ABSTRACT 

The Active Movement ScaIe: An Evaluative Tool For Infants CVith Obstetrical 
Brachial Plexus Palsy 

Christine Glenn Curtis 
Masters of Science 

lnstitute of Medical Science 
University of Toronto 

LOO0 

Objective: To detrnnine the reliability of the Activr Movrment Scalr for the evaluation 

of infants xith obsteti-ical brachial plexus palsy. 

klethods: Two complèmentary studies wrre sonducted. Pan A was an inter-rater 

reliability study in which two physiotherapists, rxperienced in using the Active 

blovement Scrile. assessrd 63 infants with obstetrical brachial plcsus palsy. Pan B 

examincd the dispersion of Active klovrrnent Scale scores of infants with obstetrical 

brachial plexus palsy who were evaluated by trained physiotherapists. 

Results: The overall quadratic weighted kappa analysis in Pan A demonstnted that the 

rater's scores were in the highest level of agreement (buad = 0.89). Pan B rstablished 

that the variability of scores due to rater factors was low compared with patient factors 

and that variation in scores due to rater experience was minimal. 

Conclusions: The Active Movement scale is a reliable tool for the evaluation of infants 

up to one year of age widi obstetrical brachial plexus palsy when raters are trained in the 

use of the scale. 
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INTRODUCTION 

The evaluation of upper extremity motor power in infants with obsteuical brachial 

plexus palsy (OBPP) presents a significant challenge to clinicians involved in their care. 

The ability to accurately document motor îùnction and to mrasure change (or lack of 

change) in movemenr ovrr  timr has important implications for determining the natunl 

history of OBPP, dcciding on appropriate treatmcnt options and measuring treatrnent 

outcornes. Although a numbrr of evaluativr tools have been used to quantit'y upper 

extremity motor p o w r  and function in infants with upper extremity weakness, there are 

no reports to date of the reliabilitp or validity of these tools. The Active Movement 

Scale (AMS) is a mensurement system rhat hris bèèn CO-developed by the candidate in the 

Brachial Plexus C h i c  at The Hospital for Sick Children for the evaluation of infants with 

OBPP. It is rspected that this new tool will enable clinicians to peiiorm more reliable 

evaluations of these infants than wirh mrasurement systems that are currently available. 

HYPOTHESIS 

The Active Movement Scale is a reliable tool for the evaluation of upper extremity 

movement in infants with obstetncal brachial plexus palsy. 

OBJECTIVES 

Overail Objecrive: 

The ovenll purpose of this research is to determine if the Active Movement Scale is a 

reliable tool for the evaluation of upper ememity movement in infants with obstetrical 

brachial plexus palsy. 



Specific Objectives: 

The reliability ofthe .Active Movement Scale was be determined by conducting two 

compiementary studies. The speci fic objectives were: 

I .  To determine the inter-nter reliability of the Active Movement Scale when two 

experirnced physiotherapists use the scale to evaluate infants with obstetrical brachial 

plexus palsy. (Port A )  

2. To examine the dispersion of Active Movement Sçale scores of infants with 

obstetricnl brachial plexus palsy when evaiuatrd by tnined physiotherapists. (Pan B)  

L i T E R Q m  REWEW 

THE BRACHIAL PLEXUS 

..! naroc  

The brachial plexus is a network of nervrs that estends from the nrck into the axilla 

and supplies the motor. senson; and sympathetic nerw fibres to the upper limb. 

hlthough numrrous variations in the formation of the plexus have been reportrd, the 

following arrangement according to ~ r f f e r t i  can be taken as a point of reference. The 

anterior primas nrnus of C5 joins that of C6 to form the upper trunk. while C8 joins TI 

in a similar hshion to form the lower trunk. C7 continues benveen the two to constitute 

the intermediate or middle tnink. Each of these tmnks then splits into an anterior and a 

posterior division. The antenor division of the upper and middle trunks unite to form the 

lateral cord, which gives off the lateral root of the median nerve and the musculocutaneous 



nerve. The nnterior division of the lower tmnk forrns the media1 cord, which gives rise to 

the medial root of the median nervt and the ulnar nerve. The posterior division of the 

three trunks unite ro fom the postenor cord which provides the radial. axillar): and 

subscapular nenves. It is through this nrwe cornplex that al1 motor and sensory 

curri~tiuriicaiiuii u l i i ic  upper exrremiry is conàucted to and frorn the spinai corà anci àrain. 

Figure 1 is (i schrmariç rspresentntion of the brachial plesus.2 

Terminal Branches Cords Divs Trunks Rami 

Muscuiocutaneous N I 
\ A 

I Dorsal Scap ,.,. .,. 
I l A 
I I i Le 
I I 

( Suprascapular N. A 

Figure 1. The brachial plexus 
Adapted with permission fiom ClinicrtlIy Oriented Anatomy (second edition), K.L. Moore (ed.), 1985, p 
650. 



OBSTETRICAL BRACHIAL PLEXUS PALSY 

Historicul Backgroirnd 

The first repon of uppcr cstrernity paralysis in an infant following delivrry \vas by 

~ r n e l l i r ~  in 1765 who belicved the condition \vas due to prolonged pressure on the am 

while the child was in the pelvis. howcver it was ~ u c h e n n d  in 1572 who brought medical 

prominènçc to the condition by attributing it to birth trauma. He recognizrd that the 

lrsion might oscur in obstrtric opentions such as disrngaging the upraisrd a m  in a brrech 

or footling presentation. in delivering atièr version or in making traction on the am of the 

child aficr binh of the head. ~ r b j  described a similar pattern of paralysis in adults in 

1874. since which time isolated upprr cstremity paralysis has comrnonly bern known as 

** Erb-Duchenne " or sirnply -' Erb's palsy." ~ l u r n ~ k c o  was the îïrst physician to 

describe and èlucidate the mrchanisms oflowrr brachial plexus palsy in adults in 1885 

and rhe term "Klumpke's palsy" is used today to characterize paralysis in the motor 

distribution of the lower plesus. 

Etioiogv oj.0 BPP Injuries 

Brachial plexus injuries in newborns occur as a consequence of difficult childbirth4v7 

although the occasionai report exists to the contrary-8 The rnechanisrn of injury depènds 

upon whether the birth is breech or vertes. sever7 described how damage to the upper 

nemes of the brachial plexus occurs d u h g  vertes delivery when shoulder dystocia 



necessitates excessive lateral flexion of the neck to free the shoulder From the pubic arch. 

This procedure causes direct traction on the roots of the plexus and when force is used 

probably cause injuries to the nerves. 

Brachial plexus injury during breech delivery generally anses in lower birth-weight 

infants9 and is assumed to hnppen ris the head is finally tstracted. Damage to lowttr roots 

can be prrcipitatrd by hypsrextrnsion of the am in a breech deliwry. but most often it is 

the result of hypcrrstension of rhr hendlo during a face prescntation producing a total 

plexus injury. Bilateral plexus involrrment is more common following brrcch binh.l 

Othrr factors associated with obstetrical bnchial plesus palsy are fetal rnacrosomia, 

materna1 diabetes and forceps or vacuum extraction. 11-13 

Metaizeau et ol. l J  studied bnchial plexus lesions in a scrirs of stillborn infants by 

producing traction on the head when the shoulder was restrained. They found that 

rupture \vas much more common in the upper roots and avulsion in the lower. Avulsion 

injuries occurrcd at the junction of the rootlets and the spinal cord. 

incidence 

The incidence of obstetrical brachial plexus palsy in the United States has been 

reportrd ikom 0.5-2.6 per 1000 live, full-term births. 12.137 15716 The only Canadian 



figures on the incidence of Erb's Palsy is frorn the province of Saskatchewan in which an 

incidencr of 0.6 15 cases per thousand live binhs were reported in a 9-year penod (1984 - 

1993.i' 

The right a m  is involved in inhnu more tiequently than the le% dus to the more 

cornmon Irti occiput antrrior position of the descendinq fetus. 10 The incidencr of 

obstrtrical brachial plexus injuries in male and f'male infants is roughly equal. 18-20 

C h  ificnr ion 

Infants with Erb's palsy or upper root Iesions. display weakness or paralysis of the 

musclrs senred by CS. C6 = C?. The classic position of the affectrd a m ,  resulting %om 

involvement of the upper roots is adduction and intemal rotation of the shoulder. 

extension of the elbow. pronation of the forearm and flexion of the wrist. This posture 

may also occur in the absence of elbow estension brcause gnvity holds the a m  at the side 

Patients with total brachial plexus palsy (C5, C6, C7, CS = T l )  are more severely 

atTected and have involvement of hand p s p  function.22 Total palsy is characterized by 

complete atonia of the extremity?3 The fingers may rest in a flexed posture - a result of 

the tenodesis effect at the wrist rather than true power in the long flexors of the digits. 

Sensation may be absent although this is estremely dif£ïcuIt to test in infants?[ 



!Vmtml Hisron* 

The degret: of spontaneous motor recovctry in children with OBPP varies widely. 

Some studies suggest that the majority of infants rrcover sufficiently and do not requirr 

primary surgical intcnrcntion. 19?20924 Although rnany infants with brachial plesuç 

lesions recover with minor or no hnctional deficits. a number of children uill develop 

hnctional limitations as a result of bony defonnitiês and joint contractures.22 Advances 

in microsurgical techniques and poediatric anaesthcsia have led to a rene~ved interesr in rhc 

surgical management of this condition. 1 The lack of n unifon - cnding systém 

however. makes it difficult to compare outcorne studies and to determine the natunl 

9- 9 

history and hrnce the prognosis of brachial plexus lesions in infants.-'-'--'A 

ASSESSMENT OF MOTOR FUNCTION 

British Medical Research Council Scale 

A number of methods have been used to describe or quanti& motor fùnction in children 

with OBPP. The British Medical Research Council ( M R C ) ~ ~  system of manual muscle 

testing is the most recognized scale for the evaluation of strength for patients with 

periphenl nerve injuries (Table 1). This test empioys the use of limb segment positioning 

without and against gravity and the use of manual resiaance to grade muscle strength on a 

6-point scalr (O = no contraction, 5 = normal power). The MRC scale as a measure of 

suengh for infants with OBPP has been reported by a number of authors. 1992593073 1,36- 

39 



Table 1. British Medical Research Council System of manual muscle testing 

Observation 

No contraction 

Flicki-r or tracs of contraction 

Active movrment with gnvity riirninated 

Active movement against grrivity 

Active movèmenr againsr gravi? and rrsistancr 

Normal powrr 

Muscle Grade 

D m  tiom Xids to the Imestigtion ot'Perîphenl Seme Injuries. ed 2 .  (h,Ic.dicd Rcserirch Councit \Var 
hlsmonndum. vol 7.) London. His hlajese's Siationary OtXce. 1943, p 48. 

Gilbert and Tc-r~.siit Sc& 

Gilbert and ~ a s s i d *  have suggestcd a modifred MRC scalr for the cvaluation of 

children with OBPP to account t'or the difficulties encountcred in examining infants with 

manuai resistance (Table 3). The MO-Mj scale has been used as an outcome measure in 

some s t u d i e s . 9 - 2 7 ~ ~ ~ - ~ l  This scale is limitrd in the ability to distinguish improvements 

in motor recovery however. as it has only one grade to classi@ partial movement. 



Table 2. Gilbert and Tassin systern of muscle grading 

Observation 

No contraction 

Contraction without movement 

Slight or complrte movement with weight eliminated 

Complrte movement against the weight of the 
correspondin; segment of cstremity 

Muscle Grade 

b1 O 

M l  

kl? 

b13 

Data îirorn Gilbert .A, Trissin. J-L. 0bstt.tricd plrisy: :\ dinical. pathol~gic and surgical re\ ieiv. In Tsrzis 
JK. Editor. llicroreconstniction ot'Yene Injuries. Philadelphia: \VB Saunders; 1987. P.532. 

.Llaller Scalt! 

 all let^^ has dciscribed a rnethod of evaluaring children with OBPP basrd on the 

ability to perform functional positioning of the affected limb (Figure 2). Although 

utilizrd as an outcorne rneasure by a number of authors.18~32-43-46 this systern can oniy 

be used with a coopentive. older child. This scale is not suitablr for use with infants and 

it cannot be used as both a pre-operative and post-operative evaluative tool as eccurate 

orading requires that the subject cary out the examiners instructions. 
C 
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predicting late functional results (Table 3). The "Score of 10" is calculated by combining 

Erb and Klumpkr scores. The Erb score gives points for upper plexus îùnctions including 

shoulder abduction, shoulder extemal rotation, elbow tlexion, elbow extension. torearm 

supination, forearm pronation and trumprr sign. The Klumpke score awards points for 

lower plesus hnctions including wrist extension, wrist tlesion. metacarpophalangeal joint 

extension. interphrilangeal joint extension. fingrr tlexion. rhumb abduction and rhumb 

adduction. 

Table 3. Score of 10 reiationship between enrly and late obstetric brachial plexus 
palsy 

Type Intraoperitive Findings 

(Early) 

1 Individuai neuroma of CSC7 

3 - Mixed complex neuroma of upper tnink 
and/or middle trunk with less scars 

3 Miscd complex neuroma of upper trunk 
and/or middle trunk with dense scars 

4 C5. C6, or CS-C7 root avulsion 

Predicta ble Sequelae 

(Late) 

Good Erb scores 

('8) 

Acceptable Erb scores 

(8-6) 

Erb scores 

(74)  

Poor Erb scores 

Data fiom Chuan- DC, Ma H-S. Wei F-C: A nsw rvaiuation system to predict the sequelae of iate 
obstetncril bnchial plexus pals);. P l s t  Rrcontr Surg 199s: 10 1 :673-68S;pemission pending. 



Irnpoivmenr Scales 

In a retrospective study, Eng et al.j4 usrd two impairment-rating scales to correlate 

Functional outcorne with conserutive management. One scale was used to classi- 

newborn hnction on initial examination (Table 4) and a second scale was used to evaluate 

late outcomr (Table 5 ) .  They round on cornparison of initial and final clinical findings 

that thrre \vas high agreement (correlation r = 0.8 1. p < 0.00 1 ) between the two 

impairment sçales. Thesc scalcs have not appeored elsewhere in scientitïc litrnture. 



Table 4. Impairment riting scrle for 
OBPP patients on initial physical exam. 

= .Almost no abnormal t'indings + DTR 

: = Slightly werik shoulder depressors 
Elbow flexion - rtntigravity 
Good hand 
Trace DTRs 

I = Shoulder - no movemrnt 
Elbow tlesion - not r i n t i y w i ~  
Some hrind involvernent 
O DTRs 
Somr loss of swa t  and serisation 

5 = Lirnp a m  
~irnp hand 
.L swerit and sensation 
O DTRs 
= Horner's etc. 

Table 5. Impairment rating for 
brachial plexus palsy on follow up. 

. Mild 
blinimal winging of scapula 
Xbducts to 90" or more 
Some extemal rotation 
Good biceps (ami-mviry - )  

Minimal loss of supination 
Nomal s\ve31 and sensation 
Good hand use 

!. Moderate 
Obvious sc;ipulti ~vinging 
Shoulder abduction less thm 90" \\-ith 
substitution of trapezius and semtus anterior in 
shoulder elevation 
Cses short h a d  of biceps with deltoid to IiR 
m 

Fiesion contncnirc of elbow 
-4ntigrrivity biceps 
Good \vrist rind tinger estensors rind tlesors 
Good hand 

3. Moderate to severe 
klrirked scripular ivinging 
Shouider abduction < 45" 

Elbow conmcture 
No supination of the foream 
Biceps not rintignvity in strength 
Poor hand function 
Some loss of swrat rind sensation 

4. Severe 
Marked scripular winging 
Shoulder abduction < 45' 
Elbow contracture, no supination 
Biceps movement negligibIe 
Loss of hand function 
Severe Ioss of swest and sensation 
Withered arm or agnosia of the rirm 

Adapted fiom Eng GD. Binder H. Getson P er al., Obstetrical brachial plexus pal- (OEPP) outcome with 
consemative management. Muscle & Nerve, l9:SS-W I ; i 996: permission pending. 



Descrip f ive itfeastrres 

A number ofscientific reports use descriptive accounts of function such as; "good'', 

of resuits b e ~ r r n  thesr studies is impossible and evaluation of the individual studies 

themselves is problematic. This is due to the varied or limittd descriptions of movement 

wd function that thrse items represent and to the lack of standardization and validation 

of these descripton. 

The .Active Moiwnenr Scale 

The Active EvIovement Scale (Table 6) is an eight-grade. ordinal scale that was CO- 

developed by the candidate and the head of the Brachial Plexus Clinic at The Hospital for 

Sick Children (HSC) for the specific purpose of evaluating infants (newborn to one year 

of age) with obstetrical brachial plexus palsy.ll This tool is used to quanti@ upper 

extremity strength by observing spontaneous, active movement both without and against 

mvi ty .  Guidelines have been developed for the use and application of this tool and are 
C 

found in Appendix 1. The use of this scale for clinical and scientific evaluation has been 

reponed in a number of publications.16~2S~5Z~j~ 



Table 6. Active Movernent Scale 

I Observation 

Grrvity eliminrted 
No contraction 
Contraction, no motion 
Motion 5 1.2 range 

- - -- 

Muscle Grade 

Motron 3 !/i range + 3 
Full motion 4 

Agrinst gravity 
Motion 5 1,: r aqe  - 

2 

Motion > 1.2 range 6 
Full motion 7 

Dei~eloprnem Qf The ..lcrive !:Llovenrent Scole 

Prior to the inception of the HSC Brachial Plexus Clinic, physiotherapists at the 

institution used a measurement system described by shepherdj4 for the evaluation of 

infants with OBPP. She suggested that motor function shouid be analyzed by observing: 

1) spontaneous movrment and posture as the infant lies in the supine and 

prone positions and is moved around, cuddled and talked to 

2 )  motor behavior during testing of retlexes and reactions. particularly of the 

Moro reflex. the placing reaction of the hands, the Galant (trunk 

incunation) reflex. the neck rightinz reaction and the parachute reaction 



Muscle activity was graded and recorded using the following simple system: 

O = Absent 

1 = Present. but lacking %Il range of movement 

2 = Present throughout a tùll range of movement 

A tlow shert was drveloped in the Physiotheropy Depanmènt at HSC on the basis of 

this system (Figure 3) in which movements for individual muscles of the upper estremity 

werr recordcd and gradrd over subsequent examinations. It becrime apparent however 

that individual musclcs as outlined on this form were impossible to cvaluats. assessmrnts 

were lengthy to perform and the three srades gave littlr information as ro the chanee in 

movement over time. 

The evolution of the HSC Brachial Plexus C h i c  necessitared the development of an 

evaluative tool that was simple and rapid to use. appropriate for infants and young 

children. amenablr to statistical analysis and standardized. The AMS was developed and 

adopted into practicr by the clinic in 199 1.  Active range of motion of fiftern movements 

of the upper extremity are evaluated using the .4MS (Appendix 2). These movements 

were chosen for the following reasons: they provide representation for al1 5 nerve rooü. 

they highlight function of the entire upper estremity and they are relatively easy to 

assess. 



l 1 I 
I I I DATE 1 1 1 1 1 

Grade O = Absent 
Grade 1 = Presenr. but not full ROM 
Grade 2 = Present. wth full ROM 

COMMENTS: 
Lumbncaks 3 4 1 1 1 I J  

Figure 3. Brachial plexus evaluation - Physiotherapy department, Hospital for 
Sick Children 



SCOPE OF THE PROBLEM 

Obstetrical brachial plexus palsy is a form of birth trauma that affects one or more of 

the five nenrê roots of the brachial plexus. Lesions to diese nerve roots occur in 

approsirnately one per thousand live binhs. The condition is characterizcd by varying 

degrees of motor paralysis and sensory loss in the involved upprr rxtremity. The natural 

history of this f o m  of trauma ranges from complrte rrcovey to significant motor and 

functional impairment. blicrosurgical reconstruction is an option for some infants. 

Without a standardized measure of outcome. however, the eI'fsctivcness of this 

intervention and the natunl history OBPP is uncenain. 

Thc lack of ri reliable gnding sysrem prohibits the accuratr cvaluation ofothsr 

thrrapeutic interventions such as muscle strrngthcning as facilitated by Physiotherapists 

and splinting as pro~idrd by Occupational Thcnpists. .1 review of the literature reveals 

that no evaluative tool has been reponed that is reliable for quantifihg rnotor function in 

infants \vi th upper es tremi ty püralysis. 

NIATERIALS AND METHODS 

INTER-RATER RELIABILITY STUDY - PART A 

Snr& Drsign 

A single trial design usine multiple patients was used to determine total reliability and 

chance agreement of the AMS by two esperienced raten. Consecutive rather than 



simultaneous evaluation of the patients was conducted due to the necessary interaction 

benveen rater and infant that is required to properly apply the tool. 

The sample size requirement for this study was estimated according to the 

recommendations of Donner and ~ l i a s z i w - j j  With a type4 error = 0.05 and power = 

0.80. it was calculated that a minimum of 50 patients w r e  required to demonstrate an 

underlying true reliabilitp ot'the AMS. 

Pnriem 

Sixty-three infants under the agr of one year with o unilaterd brachial plexus lesion as 

determincd by the Brachial Plexus Tram at The Hospital for Sick Children were selected 

as a sample over a 28 month period. Children with a concomitant diagnosis such as 

neurological conditions (binh asphyxia. cerebnl palsy) or fracture (clavide, humrnis, rib) 

were escluded as porcntial subjects. The families were informed about the study by the 

clinic physiotherapist (prima. investigator) in consecutive order as they presented in the 

Brachial Plexus Clinic. and verbal consent to participate in the data collection was 

obtained fiom a parent of rach child. 

Raters 

Two pediatric physical therapists korn the Hospital for Sick Children, each 

rxperienced in using the AMS (greater than 30 assessrnents rach pnor to staning the 

study), performed evaluations on the same 63 infants using the scale. One of the nvo 

evaluations was performed by the Brachial Plexus Clinic physiotherapist (Masters 



candidate and primary investigator) as part of the routine c h i c  assessmrnt. The raters 

evaluated 15 hnctional movements of the affected a m  of each child using the same 

standardized form thar is used in the HSC Brachial Plexus Clinic (Appendi'r 2). Ratrrs 

were randomly assigned to be firsr assessor by coin toss and werr blinded to the other 

rater's findings. The evaluations by each rater took no longer than 15 minutes to 

cornplete. Consistency within the study \vas facilitated through the use of the 

opentional instructions for the application of the AMS (Appendix 1 ). 

Srarisrical .-l na&sis - Parr A 

The three tests of agreement that were used to analyzr the data from Pan A of the 

study were percentage agreement. kappa and quadntic-weighted kappa. Pctrcentage 

agreement is a reliability test for categoricd variables. estirnating the abiiity ofresearchen 

to agree on category ratirgs.56 In this snidy. it was a measure of how often the raters 

agreed on the score for each of the 15 tested movrments. 

Kappa is  an appropriate measure of ordinal data that calculates the average rate of 

agreement and controls for expected agreement by chance.57 It has a maximum of 1.00 

when agreement is perfect and a vaiue of O indicates no agreement better than chance. 

Landis and ~ o c h j s  have categorized the kappa statistic according to strength of 

agreement and these divisions are represented in Table 7. 



Table 7. Agreement Measures For Categorical Data 

Stren~th of Agreement 

Poor 
Slight 
Fair 

Moderate 
Substantial 

I 0.81 - 1.00 ~ i m o s t  Perfect 

Adripted frorn Lmdis. JR, Koch GG. The Measurement of Obsewer Agreement tor Critegoricd D m .  
Biornetriçs 197753: 150- 174: permission pending. 

Weighted kappaj9 coefficients werc also used to determine if disagreement benveen 

the rater's scores was minor (differing by only one or two grades) or extreme. For this 

study we chose quadntic weights, which base disagreement weights on the square of the 

amount of discrepancy.6* 

VARJABILITY STUDY - PART B 

Stirùy Design 

A chain-block study design, using I O  patients and 10 raters was selected to examine 

the variability of AMS scores. (Table 8) This design was utilized for nvo purposes. 

First, to facilitate the randomization of raters and patients. Second, to provide a practical 

means of obtaining a total of 30 assessments in a single test period. 



Table 8. Chain block design for 10 patients and 10 raters 

Rater 

1 
2 
3 
4 
5 
6 
7 
S 
9 
1 O 

Patient 

B 
C 
D 
E 
F 
G 
FI 
1 
J 
-4 

The advantages of this design were: the data could be çollected in a single day of 

testing. 30 assessments could be obtained tiom I O  patients and oniy a brirf interval 

separated the ossessments. 

Par ieri rs 

The patient sampie was obtained from the database of the Brachial Plexus Clinic at 

HSC afier approval for the study was obtained from the institutions' Research Ethics 

Board. A list of potential patients was generated frorn the database according to the 

following critena: 

1) 

2) 

under one year of age as of November 13' 1999 

diagnosis of a unilateral obstetrical brachial plexus palsy made by 

the HSC Brachial Plexus Clinic 



no previous fractures (clavicle. humerus. ribs) 

no central nervous system involvernent (e.g. cerrbnl palsy) 

living within a 2 hour drive of HSC 

Forty-seven parients met the above listed inclusion criteria. Using a table of nndom 

numbersol the 47 potential subjects were randomized and then listed in ascending, 

numrricd ordsr. From rhis list. the families were çontacted in ascending. numerical order 

by the Brachial Plesus Clinic physiothcnpist (prima. investiptor of the projrct). The 

study was thoroughly explained to the parentts) of cach child and if thrre uas agreement 

to participate, they were asked to sien a consent form (Appendis 5) and a demographic 

questionnaire. (Appendis 4) Two additional intàrns were recruitrd as back-up subjects 

for the day of tvaluation. Families of the patients were offered a S4O stipend to offset 

the costs of transponation and parking. 

Ra fers 

Volunteer raten were sought from the Physiotherapy Departments at the Hospital For 

Sick Children and the Bloorview McMiIlan Children's Treatment Centre. Signs were 

posted in each of the departments that explainrd the study and called for licensed physical 

therapists. currently employed with 2 or more years of full tirne pxdiatric experience wfho 

were interested in participating in the study. .4 stipend of $40 was offered to the 

volunteers to offset the cost of transportation and additional costs that would be incurred 

by participating in the teaching workshop and data collection. The first I O  respondents 



who met the inclusion cntrria and signed a consent f o m  (Appendix 5 )  were selected for the 

study. Each rater was also asked to complete a demognphic questionnaire. (Appendix 6) 

-4 i l lS  Teacliing It'orlcvhop 

A 1-hour workshop to teach the raters about the Active Movement Scalr and to 

standardize i ts application for infants with obstetrical brachial plexus injuries was 

ronducted on the evêning prior to the data collection. The primary investigntor of this 

study (CO-developer of AMS and HSC Brachial Plexus Clinic Physiotherapist) organizcd 

and led the teaching session. The workshop \vas held in the main auditorium at HSC. 

This venus \vas able ro accommodate multimedia presentations rhat included overhead 

projection. slidc presrntation and large-scrren vide0 vicwing. In addition. an open tloor 

spacç at the front of the auditorium was suitablr for a patient dernonstration by the 

facilitator and pnctice with dolls by al1 the raters. 

The initial 15 minutes of the workshop was dedicated to a didactic review of 

obstetrical brachial plexus palsy: the anatomy of the brachial plexus, etiology of 

obstetrical plexus injuries, the nature of brachial plexus lesions and the natural history of 

OBPP. Three. large. teaching dia-mams From the Brachial Plexus Clinic were used to 

illustrate these points. Questions from the nters were encouraged through the lecture and 

throughout the entire workshop. 

The second 15 minutes of the workshop was scheduled to introduce the Active 

Movement Scale and discuss its application for infants with OBPP. An oversized poster 



of the scalr was used as a visual aid by the bcilitator and three additional posters were 

located around the fluor area to be used as ref'rence for the raters during the practice 

sessions. Each rater had a handout package that included; 3 samplc data collection sheets, 

each with a copy of the scalê (Appendis 2 ) ,  drtailed guidelines for use of the scalc 

(Appendix 1) and n tirne. room and assistant schrdule for the following days evaluations. 

A 15-minute video 11.3s then shown to the raters that reviewed the AMS and 

drmonstrated the e\.nluation o f3  infants with OBPP by rhe clinic physiothenpist. The 

video highlighted 3 infants of varying ages and srverity of periphcral nrne involvement - 

a newbom with a total brachial plexus palsy. a 6 month old who was two months post 

surse? for brachial plexus reconstruction and a one year old with mild upper root 

involvement. Discussion folloiving the video smphasized cues and techniques for 

encounging ac t ix  movement in infants and children. 

The Fourth section of the workshop was a live demonstration of the evaluation of a 

child with brachial plexus palsy by the Facilitator. The patient was a 12 month-old girl 

that was 3 months post brachial plesus reconstruction. The child was a patient followed 

through the Brachial Plexus Clinic at HSC. The parent of the child was approached to 

participate in the demonstration during a regular physiothenpy two weeks pnor to the 

workshop. A full description of the assessment was drscribed to the parent and verbal 

consent to participate was given. During the workshop the therapist demonstrated the 



techniques for performing an evaluation on a child using the AMS. This demonstration 

lasted 15 minutes. 

The final half-hour of the session was directrd at allowing the raters to have an 

opportunity to practice performing AMS evaluations on dolls. The rnters paired off in 5 

oroups of 1 and positioned themsclves on the floor in view of an AMS poster. The pairs 
C 

ofraters each shared a lire-sizrd. infani doli (66cm in length) that had tkxible shoulders, 

elbows and twists. The facilitator dcscribed a limb position that the raters then 

rrproduced on théir doll. The raters a r r e  then asked to grade the movement according to 

the guidelines for use of the AMS and record the grade on one of the data collsction 

sheets. In this fashion. 1 5 movrrncnts were gndèd and recorded on a data shert. The 

scores for the rnovements were compared amongst the raters and discussion \vas held 

when thrre was discrcpancy betwern scores. This process was repeated 7 more times 

using difkrent movement scenarios. Each rater had an opportunity to independently 

completr an evaluation as their paruier positioned the dolls' limb. 

Although forma1 evaluation of rater competency following the AMS traching 

workshop was not the intent of this study, it was Mt  that a sense of rater confidence at 

the conclusion of the teaching session would be usefül. Immrdiately following the 

workshop. the raters were asked by show of raised hands if thry felt confident that they 

could use the AMS scale to assess upper estremity movement in infants with obstetrical 



brachial plexus palsy. Al1 raters confirmed that they felt confident in this matter by 

raising their hands. 

Dom Collecriorl 

Al1 data for Part B ofthe study was collected on the day following the teaching 

workshop. Ench child received a total of 3 assessments by 2 ratrrs. A washout eftéct 

betwtten evaluations aras tàciiitared by separatins the intra-rater assessments (tirst and 

third for each rater) with the evaluation o h  second child. 

The assessment involved the evaluation of 15 joint movements of the involved upper 

rxtremity using the Active Movement Scaie (Appendix 2). The raters perfomed the 

evaluations in accordance with the guidelines outlined in Appendis 1. The evaluations 

were conducted in one of four separate rooms. Each room containrd a soft mat on the 

tloor covered by a clean sheet. Multiple. as-appropriate toys and rattles were nvailablc 

for the use of die raters. Each room contained a poster version of the AMS that could be 

easily viewed by the rater during the evaluation. An enlarged examplc of the data 

collection sheet was posted in proximity to rach rater. As a rater completed evaluating 

one of the 15 movements, she verbally conveyed her score to an assis:ant who thcn 

recorded the number on hidden data sheet and checked off the appropriate movement as 

being completed on the posted exarnple sheer. In this manner, all 15 movements were 

evaluated by each rater. 



Evaluations were scheduled a maximum cf one half-hour apart with each assessment 

takin; no longer than 15 minutes to cornplete. Ratrrs were blinded to the results of their 

previous assessments and to the assessments of the other raten. 

Statisiical.4na~*sis - Part B 

A genenl linear. nro-way analysis of variance was used to test the signiBcance of 

variance in scores due to rater and patient factors. Bos plots displaying the 251h and 7jth 

centiles. inter-quartilc nnge and median were constructed to compare the variability of 

factors between and within rnters and patients. The interquartile nnge (IQR) is a measurr 

of data dispersion. A large amount of dispersion of the IQR indicares significant 

variability of the data.62 A coefficient of 100 on the y-axis of the box plot indicates 

perfect assessment of health. 

Posr hoc principal component factor onalysis of the data was conducted to determine 

if there was a score-based effect underlying the instrument. This exploratory approach 

was used to examine the structure within rhe variables, in an attempt to provide insight as 

to the nature of their interrelationships. A correlation matrix of the scores was developed 

using a varimax rotation. to convert the AMS measures to standard scores. -4 scree plot 

was constructed frorn this matrix using the eigenvaluc test60 :O determine the number of 

factors that were underiying the 15 items of the scale. 



RESULTS 

INTER-RATER STUDY - PART A 

The descriptive statistics for patients in Pan 4 of the study are listed in Table 9. The 

male to fernale patient ratio was almost cvenly dividcd and the ages within thsse groups 

were cvenly distributed. Significantly more parients in the sampls hrid ri&-sidcd 

involvernent thnn lefi matching the OBPP population at large. 

Table 9. Descriptive statistics for patients - Part A 

Patients Mean age-mos. Right side Left side 
[rangel 

male 32 (50.Y0/O) 5 [ 1 - i l ]  18 14 
km& 3 1 (49.2%) 5 [LI  11 -- 33 9 
total 63 5 [ l - 1  l] -lo (63.5%) 23 (36.5%) 

Percentage agreement, kappa and quadratic-weighted kappa scores for the 15 tested 

movernents are listed in Table 10. Forearm supination represented the least accurate 

percentagc of ageemrnt (49%) behveen the two raten. Eight of the 15 rnovements were 

rneasured with total agreement 90% or more of the time. Analysis of the scores using the 

kappa statistic indicated 3 lower level of agreement for al1 15 movements than was 

obtained using percent agreement alone. 



Table 10. Agreement coefficients - Part A 

I Joint Movement % agreement K (950h CI) KpI (95% CI) 

Shoulder .4bduction 
Shoulder Adduction 
Shoulder Flexion 
Shoulder Extemal Rotation 
Shoulder Internai Rotation 
Elbow Flexion 
Elbotv Extension 
Forearm Pronation 
Forearm Supination 
Wrist Flexion 
Wrist Extension 
Finger Flexion 
Finger Estrnsion 
Thumb Flexion 
Thumb Extension 

0.37 (0.23, 0.5 1) 
0.64 (0.39.0-89) 
0.54 (0.39,0.68) 
0.48 (0.33.0.63) 
0.55 (O. 10, 1 .OO) 
0.5 1 (0.37,0.65) 
0.59 (0.32, 0.56) 
0.49 (0.00, 1 .OO) 
0.33 (0.19.0.46) 
0.4s (O. 14.0.8 1 ) 
0.52 (0.36,0.69) 
0.65 (0.38,0.93) 
0.8s (0.64. 1 .OO) 
035 (0.56. 1 .OO) 
0.56 (0.38.0.74 

0.72 (0.64,0.80) 
0.75 (0.5 1,0.97) 
0.82 (0.74,0.89) 
0.68 (O.jj.O.87) 
0.62 (O. 17, 1-00) 
0.93 (0.89,0.97) 
0.92. (0.52, 1 .OO) 
0.49 (0.00, 1-00) 
0.56 (0.4 1,0.7 1 ) 
0.53 (0.6 1, 1-00) 
0.8 1 (0.72, 0.90) 
0.89 (0.79, 0.99) 
0.98 (0.94, 1 .OO) 
0.96 (0.86, 1.00) 
0.66 (0.49.0.83) 

With the etTects ot'chancc eliminated. the ovenll strength of agreement of the AMS 

was 0.5 1 with a 95% con fidence interval of 0.46 - 0.56 - a score considered in the 

modente range of agreement (see Table 7). The ovenll quadratic weighted kappa 

coet'ficient of the AMS was 0.89 with a 95% confidence intenta1 ofO.87 to 0.91, 

indicating that the n t e n  dernonstrated excellent agreement using the scale as a wholc and 

that any disagreements in scores that they had were srnall. Eight of the 1 5 movements. 

using quadratic weighted kappa, were in the highest strength of agreement category 

= 0.8 1 - 1 .O). Five movrments demonstrated substantial agreement (Kqund = 0.6 1-0.80) and 

two rnovements (pronation and supination) showed moderate agreement (bWd, 0.4 I -  

0.60) (Table I I). 



Table II:  Strength of agreement of 15 tested movements - Part A 

Moderate Substantial Excellent 
(Kquad= 0.41-0.60) (Kquad= 0.6 1-0.80) (buad= 0.8 1-1 -0) 

pronation shoulder abduction shoulder flexion 
supination shoulder adduction elbow flexion 

shoulder extemal rotation eIbow extension 
shoulder internai rotation wist flexion 
thumb extension wrist extension 

tinger tlexion 
tinger extension 
thumb tlexion 

I )  h 

VARIABILITY STUDY - PART B 

Descriptive statistics of the 10 patients and 10 raters in Part B are found in Tables 12 

and 13 and were obtainrd from the data collcctrd tiom questionnaires in Appendix 1 and 

Appendix 6. Review of the patient statistics suggests a highly varied sample. The mals 

to fernaie ratio was 6:4 and the ages were well distributed with a range of one month to 

one yrar. 90% of the patients had right-sided involvement. Three of the patients had 

rotal plexus involvement and two patients had undergone surgical brachial plexus 

reconstruction. 



Table 12. Descriptive statistics of patients - Part B 

Patient Gender Age Involved Surgicrl Plexu: Nerve Root 
(mos.) Side Reconstruction Lesion 

A bI 6 Right No rotai 
B hl 1 Right No Upper 
C ?VI 7 Right No Total 
D kt 9 Right Y es Total 
E F 12 Right N o  U P P  
F F 3 Right No Upper 
G !VI 1 1  Left Y es U P P ~ ~  
H F S Right No Upper 
t $1 3 Right No Upper 
J F 1 1  Right No Upptr  

The rarers in this study were al1 physical therapists with pediatric experience ranging 

from 2 to 30 ycars (mean of 12.5 years). Expcriencr usine the AMS ranged from none (6 

raters) to over 50 patients ( 2  raters). 



Table 13. Descriptive statistics of rrten - Part B 

Rater Years of Full-Time Erperience Using The Active 
Pediatric Employment hlovement Scale 

( number of assessments) 

1 30 none 
3 - IO over 50 
3 15 1 1-25 
4 i G nwnr 
5 15 none 
6 6 none 
7 - 7 none 
S 13 over 50 
9 11 1-5 

1 O 14 none 

Table i 4 presents the resiilts for the general linear nvo-way analysis of variance of the 

nier's scores. With a p-value <0.05 and a high F score. we rejected the hypothesis that 

there was no difference in scores due to rater and patient factors. The normal probability 

plot of the residuals found in Figure 4 indicates thar the linear mode1 is an adequate 

represrntation of the data. 

Table 14. Analysis of variance of total scores - Part B 

l DF Seq. SS Adj. SS Seq. MS F P 

-. . - .- - . 

rater 9 7233.9 6 12.4 503.8 53.347 O.OOO* 
patient 9 1 1 057. 1 1 1057. 1 123 1.9 80.22.f- O.OOO* 
error i 1 168.9 15.4 
totaI 29 18489.9 
* p  ~0.05 
f significant F ratio 



Normal Probability Plot of the Residuals 

- . . -. . .- .- - 
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m u r e  4. Normal probability plot of residuals from anrlysis of variance 

The variance coefficients of these facton were graphed as bos plots and a cornparison 

of score dispersion (IQR) by patient and rater factors c m  be made in Figure 5. 

Examination of the plots reveals that dispersion of the scores due to factors associated 



with the patients is greater than the dispersion due to factors that are attribured to the 

raters. The rnedian of rater factors is a coetricient above 90. The notable feature of this 

plot is that despite the extreme range in variability of patient factors. the nrèrs were able 

to evaluate thsss patients with a high degree of precision as evidrnced by the 

concentration of n t s r  factors in the high coefficient ranee 

I 

pati-ent 
factors 

1 

rater 
factors 

Figure 5. Bos plot cornparbon of AMS score dispersion by patient and rater 
factors - Part B 



Figure 6 ,  illustrates a comparison of rater variance by e~per iencr~ with 6 of the 1 O 

nters having no previous experience using the AMS prior to the teaching workshop. 

Frorn this visual comparison, it appears that little diffsrence in scoring can be attributcd 

to raters' previous experience using the .4MS and that the vririrtbility coefficients 

dernonstrated by each of rhese groups is high. 

l 

no previous 
experience 
(n=6) 

previous 
experience 
(n=4) 

Fi~ure 6.  Bor plot comparison of AMS scores by rater experience - Part B 



Principle component factor analysis of the correlation matrix is fiound in Table 15 and 

the screc plot genented from diis matrix is found in Figure 7. 

Table 15. Principal cornponent factor snilysis of the correlation matrix for .4MS 
scores 

-- - -- 

Variable 

shoulder abduction 
shoulder adduction 
shoulder tlexion 
shoulder extemal rotation 
shodder internai rotation 
elbow flexion 
elbow extension 
forearm pronation 
f'orearm supination 
wrist tlexion 
wist extension 
finger tlexion 
finger extension 
thumb tlexion 
thumb extension 

Variance 

Factor 1 

0.240 
0.929 

-0.049 
0.026 
0.678 
0.4 16 
0.760 
0.575 
0.352 
0.926 
0.752 
0.9 15 
0.859 
0.808 
0.8 1 1 

7.3323 

Factor t 

-0.850 
-0.079 
-0.906 
-0.786 
-0.1 O5 
-0.732 
-0.40; 
-0.144 
-0.490 
-0.054 
-0,430 
-0.066 
-0. I S 1 
-0.324 
-0.27 1 

3.49 13 



Fioure 7. Scree plot of correlation rnatrix 

Examination of the scree plot reveals that there are two factors that underlie the 15 

items of the scale. This is determinrd by noting the point where there is a sharp break in 

the curve between the point where ir is descending and where it Ievels off-60 By 

examining the correlation matrix (Table 15), it is evident that 5 of the tested movements 



load ont0 factor 1 when a cntical value of 0.5 is used to divide the factors. The five 

movements (shoulder abduction, shoulder flexion, shoulder extemal rotation, elbow 

flexion and forearm supination) when compared with a nerve root contribution chart (see 

Table 16) are al1 noted to onginate fiom root levels C5, C6, *C7 which in-tum correspond 

to thé definition of an upper root i e ~ i o n . ~ ~  

Table 16. Root Contribution to Motion Tested 

1 Adduction + + + + + 

Interna1 Rotation + 
E ~ O W  -p~~fj . j& ;. -;.-, y -< * : >- ; - - . +--, - 

Extension 4- 

Forearm Pronation 
. . 
sp~~a#on=- . - :-+. 

Wrist Flexion 
Extension 

Finger Flexion 
Extension 

Thumb Flexion 
Extension 

+ Indicates a significant contribution from that root to the indicated function. 

From Capek L, Clarke KM, Curtis CG: Neuroma-in-continWty resection: Early outcome in obstetrical 
Brachial plexus palsy . Plast Reconstr Surg 1 02: 1 555 1 562, 1998; permission pending. 

DISCUSSION 

Measurement is the underlying basis of scientinc investigation and the precise 

meastuement of complex clinical phenornena is one of the challenges of clinical and 



surgical r e ~ e a r c h . ~ ~  Consensus regarding a standardized rncthod for evaluaiing rnotor 

power in infants with obstrtrical brachial plesus palsy is yet to be established. Ln order 

to gain proper understanding of the natunl history of OBPP and to design valid outcome 

studies, a consistent method of evaluation of upper extrernity hnction must be used 

which is independent of the patient's verbal comprehension and ability to coopente 

voluntarily. This method of evalua tion should uphold standards of appraisal such as 

reliability and validity. 

EXISTING SCALES 

V ~ ~ O U S  systems for quantifying motor power in the upper eatrrmities of infants with 

OBPP have bern describcd.~~+~j+q0-~?-~7 None of the systrms have had reportrd 

validity or reliability testing to date. 

Medical Research Conrîcil Scafe 

The MRC system of manual muscle testing although reliable for examination of 

rnotor power in ~dults,6j-66 is not suited for use with infants. This test requires that the 

patient understand the nature of the examination so that full range of motion and 

voluntary power against resistance c m  be demonstrated. Infants are unable to 

comprehend verbal commands and cannot cooperate in a manner that will show Full 

power against force. 



Gilberr and Tassin Scale 

Simplification of the 6-point (0-5) MRC scale by Gilbert and ~assin,-l* to a 4-point 

mading systern (MO-M3), although pnctical in design, sêverely limits the abiliry of the 
C 

scale to discriminate motor recovety. All movements that are partial in nature are 

classiikd as M2. This grade covers a wide nngr of incomplete movemrnts, from slight 

movement with gnvity eliminatrd to almost tuIl range of movement against gravity. 

Scores in this category will fail to differentiate improïements in partial movement over 

time and will not distinguish between tùnctional and non-functional movemrnts. 

The discriminative ability of a scalr is dependent on the number of categories that are 

usrd. Nishisato and ~or i i67  have shown that for reliability coefficients in the range 

normally rncountered. from 0.4 to 0.9. the reliability drops as fewrr categories are used. 

Streiner and ~orman6S have suggested that the minimum nurnber of categories used by 

nters should be in the region of 5 to 7 in order to masimize the precision of a scalr. 

Score of 1 O Scale 

The *.Score of IO" systern of sequelae prediction as described by Chuang et al.?' has a 

number of limitations. The aims of this evaiuation system were to determine the 

relationship between early and lare obstetrical brachial piexus palsy, to predict the 

progressive changes that take place with aging and to propose possible reconstmctive 

procedures. Neither scorin_~ procedures either for eariy presentation or late outcome are 



validated nor has correlation between the two measures been established. Overall this 

system is difficult to understand. I t  is unclear how and when this tool is to be applied. 

Impairnr enr Seules 

Similar limitations are noted with the outcome study as reponed by Eng er d.34 The 

initial and follow-up impairment scales that n-sre used ro classi3 hnction have not beèn 

reponed to have measures of validity or reliability nssociated with them. This study uas 

nlso conductrd on the basis o t à  retrospectivr chart review. 

.4 crive vem en[ Scale 

The Active Movement Scalc is a tool that has been developed in response to the 

limitations of scales that are currently in use. It offen a number of advantages over other 

scales: 

1 .  I f  can be rrred to grade movernenr in the entire upper arremîties of newborm. infants 

a n d p t n g  children. The scale relies solely on the observation of active limb segment 

movement without and againsr &mvity. The assigrnent of grades is achieved by 

observing opper extremity movement of the infant in three positions: supine, side- 

lying and sitting. Evaluation of rnovement in any of these positions can readily be 

observed with newborns. 



2. Ir does not reqziire the child to perform tasks on command. Unlike the MRC or 

Mallet Scales where verbal instructions are required to specify the desired movement 

or response. evaluation of active movement using the AMS doès not necessitate the 

achievement of a Ievtl of understanding or coopention in order to permit the use of 

each --de of the scale. Grades are assigned while watching the child at play in 

various positions against gravitp. 

3. Ir mes gr-ovinr os a sraiidnrti rhi-ougltoiir rire enrire seale. Some MRC grades rèly 

largely on an examiner's judgernent. For rxnmple, an examiner's subjective assessment 

of the amount of resistance applied is inhcrent in the scoring critrria for MRC grades 

4 and 5 .  In contnsr. the grading criteria for AMS scores have geater objectivity 

because an examiner uses gnvity as a standard to rissign scores within the entire scale. 

4. Overall joint rnovements are evahiated in contrasr to individual rnzrscle testing. 

Manual muscle testing tools such as the MRC scale were designed to provide a 

system for individual muscle strength +mding. An examiner relies on persona1 

esperience and ski11 to palpate muscles, detect substitution and properly stabilize the . 

patient. Muscles in the upper extremities of newboms are so srna11 that 

discrimination of individual muscle contractions can be impossible. Examination of 

joint movernent in infants can be readily perfomrd and provides an overail sense of 

Lùnction of the limb. 



5. Smaller changes in rnovenrent can poientially be detected. Although the Gilbert and 

Tassin grading scalè is the only other practical tool for evaluating upper extremity 

motor power in infants, it only provides a single score for partial rnovement (Ml) .  

The AMS has 5 caregories for gading partial rnovement (grades 2 to 6) which greatly 

increases the ability of the scalc to detect partial movernrnt. The srnsitivity of the 

AMS is thus signiticantly highrr than the MO-M3 scaie. 

6. It cun be ~csedjior the enrire (ife qf'a cMd. The obsenaion of active movement 

without and against gravity allows the ACIS to be used as an evaluative tool for the 

lifetimr of a subject. This feature of the AklS lends itsclf as an ideal rool for 

recording the natural history of ob~tc tr id  brachial plexus palsy. 

7. It can be appfied bqtore and ajier stirgety. Pre and post-operative data can be 

collected usine the AMS regardless of the age or condition of the patient. Unlike the 

impairment scales reported by Eng er al. and Chumg et ai., the AMS can be used as an 

outcome measure to determine the èffectiveness of brachiai plexus reconstructive 

surgery. 

S .  It al20 r vs for direct cornparison ofpaired data ro facilitate sratistical ana!vs is. The 

ordinal construct of the AMS permits the use of more rigorous forms of statistical 

analysis as compared to nominal scales (Mallet, descriptive scales). The ability to 



analyze paired AMS data makes this an appropriate tool for studying medical and 

surgical interventions for patients with OB PP. 

The 8-point construct of this scale (grades from O to 7) rnuimizcs the potential for 

precision and reliability of measuremrnt. Five scores that categorize less than full 

movement against gnvity (grades 1-6), allow for the discrimination of changes in partial 

movemcnt over time. The Gilbert and Tassin scale nssign a single grade for partial 

movement (M2). Within the .4MS grades of partial movement. there is the possibility of 

distinguishing movcments that suggrst poor recovery (grades 2-5)  or useful funcrion 

(grade 6). For example. a patient wirh greater than half range oklbow flesion against 

z ra~i tp  (score of6)  rnay potsntially have grrattr tùnction of rlbow tlesion than a patient 
t 

that can only tlex the elbou less than half range with gravity eliminatcd (score of 2). In 

both these situations. a patient would score M2 using the Gilbrn and Tassin scale. No 

assumptions regarding functional potential can be made %om this _onde. 

The Bnchial Plexus Clinic at The Hospital for Sick Children has been usin5 the AMS 

as an evaluative tool for inhnts with OBPP for the last 9 yean. To date over 4,100 

assessmenrs of over 600 children have been recorded with this system in a single 

database. Our clinical impression of this tool is that it is a highly practical evaluative 

system that facilitates rapid and objective measurernent of movement in infants with 

OBPP. Changes in motor power over tirne are readily apparent by scanning the patients' 



How sheet. Localization of the lesion can easily be determined by examining an individual 

assessment. 

RELIABILITY 

The essence ofreliability is the amount of crror thar is present in a set of scores and 

the amount of error in a score is directly related to the variability of factors that are 

iissociatrd with it.68 Three sources of m-iability that can açcount for an unrelinblr 

mrasuremênt ore the patient. the procedure. and the clinician.69-70 

With numrrous factors atfecting the overail reliability of a tool. there is no sin& 

rinalytical approach that cm. in itself. define al1 aspects oferror and variability in a 

measure. Separate coetticients that address different facets can be obtaincd and appiied to 

relevant situations.56 Wc have therefore conducted two cxpenments in an atternpt to 

source various components of measurement error and variation associated with the AiMS. 

Sprcifically. Pan A of this work was designed to consider rater error and Pan B was 

constructed to measure variability associated with patients and raters. Posr hoc anaiysis 

of the data in Part B provides evidence as to the content validity of the AMS for the 

evaluation of infants with obstenical brachial plexus Iesions. 



PART A 

The results of the inter-rater reliability study show that the AMS is a reliable scale for 

the evaluation of infants up to one yrar of age with OBPP when used by two 

experienced, physical therapist raters. Although the overall kappa statistic of the scale 

was 0.5 1 when controlling for agreement by chance alone. the overall quadratic weightrd 

kappa coefficient of 0.89 indicated that the raters scores were close when there was a 

discrrpancy. The mrijority of 15 individually trsted movêmènts were in the escrllrnt 

category of agreement when analyzed using quadntic-weighted kappa. The advantage of 

using the quadratic weighted kappa measurc is that it is rxactly identical to the intnclass 

correlation coefficient (ICC) thrreforr allowing cornparison with other kappa and [CC 

results.60 

Results of our previous work have demonstrated that 5' movements of the uppcr 

extremity (elbow flexion. elbow. wrist. f nger and thumb extension) when combined into a 

test score. are the best predicton of final outcome of OBPP patients at 3 months of 

age?O Four of thesc 5 movements had excellent agreement and one movement (thumb 

extension) had substantial agreement when examined in this current analysis. The resul ts 

of this study provide additional support for the use of these movements in the predictive 

test score as it is now known that they can be measured with a high degree of reliability. 



Limitarions of Part A 

The most obvious limitations of Pan A was that only two nters, both experienced in 

using the AiMS. were used to collect the data and that the dcgrer of variation within the 

patient and rater samples \vas unknown. Although the ovenll error associated with the 

two raters was low, it is unclear what the true source of error was. Pan B of this work 

was designcd to address these limitations by cumining the effect of multiple raters with 

diffenng arnounts of csperience using the .\MS on the dispersion OF scores oEa 

randomized sample of patients. 

PART B 

The second pan of the study demonstnted that patient factors clrarly accounted For 

more variabiiity in .4MS scores than rater factors. The n ter  factors were narrowly 

dispcrsed with a mçdian variance coefficient above 90. From thesr results we can 

conclude that n te r  precision was high u hen evaluating patirnts with extremes in 

variability and that the AMS was a reliable tool. 

This study also suggested that rater's previous experience with the AMS did not 

account for significantly higher reliability in scores when compared to inexperienced 

raten. Educational preparation of the raters in the application of the AMS may have 

accounted for the parity that was demonstrated between experienced and inexperienced 

rater's scoring ability. The provision of detailed guidelines for the use of this scale may 

also have contributed to the accuracy of the rater's results. 



Posr hoc factor analysis of the results identified two sources of patterns of injury that 

were associated with the scores. The two sources corresponded with features relnted to 

upper root lesions (Cj.  C6 = C7) and total plexus lesions (CS-T 1 ). The rnatching of 

physical damage wiih the pattern of scores provides a strong argument for content 

validity of the AMS. With content validity bèing detined as the degrec to which the items 

in an instrument adcquaicly retlect the content domain being measuredj6. the AMS 

demonstntes content validity by correctly speci fying the undrrl y in= sources of patterns 

of injury in OBPP. 

L imitariorts of Part B 

The intent of'this experimrnt was to estimate variability and compare variation 

associated with raters and patients. We believe that 30 evaluations obrained from a 

randomized sample of 10 patients were sufficient to yield usehl information about inter- 

rater variability and patient variability. With a lirnited patient sample size, it was 

impossible to fürther define what the exact sources of patient error were - on these we 

must speculate. Sources of error that may have been associated with patient's are: fatigue 

(varying levrls of wakefulness benveen or within assessments), interest (varying levels of 

attention to motivational cues or objects), anxiety (difiring reactions to smngers), age 

(factors associated with development) and level of lesion (degrees of paralysis). 

This study did not examine the reliability of nters who did not have the experience of 

participating in a teaching workshop. It remains undetennined whether the reliability of 



rater's scores is dependent upon skills and knowledge acquired fiom anending the 

workshop or whether these are skills that can be achieved through independent learning. 

L imirar ions ol'A iMS 

The AMS is not able to measure true power in the upper extremities of intànts with 

motor wraknrss. Evaluation of active range of motion without resistancr provides only 

partial quantification of rivailable motor strength. There is no currently ovailable 

instrument that can measure true muscle power in infants. 

The sensitivity of the AMS also remains questionable. One of the criteriri for 

detrrmining whether an infant has had usehl motor retum in the upper extremity is to 

rvaluate the amount of clbow tlesion thar can br: demonstnted at nine months of age.21 

Although a grade o f6  for elbow tlesion (greater than half range of motion against _mvity) 

suggests usetùl motor retum. this score does not necessarily reflect useful functional 

movcment. For esample. a score of 6 may or may not represent sufficient elbow tlexion 

for a child to independentiy bnng a cookie to the mouth. The "cookie test" is an 

cvaluative method that has been drveloped in the Brachial Plexus Clinic at HSC to help 

funher define the Functional range of elbow flexion when a score of 6 is achieved. At the 

age of nine months. a child with a score cf 6 for elbow flexion who c m  bring a cookie to 

the mouth is not a candidate for surgery. In contrast, child with a score of 6 that cannot 

raise the cookie to the mouth will be recommended for surgical brachial plexus 

reconstruction. 



Futtire Shi+ 

The true reliability of the AMS will never be known as it is impossible to determine 

to what extent the observed scores Vary from [rue AMS scores (a measure thnt can nevrr 

be calculated). Funire investigations however, should serve to define additional sources of 

error that are associated with this tool. Evidrncr from Our second study indicntes that 

sources oferror that appear related to this instrument are predominantly patient related. 

Experimcnts that examine potential sources of scoring discrepancy such as pat irnt agr. 

level of lrsion and opcntive intervention may h d p  to tùnher dttinç ~ h e  reliability of the 

.4MS and may aid in retining the guidelines for the use of this tool. 

The reliability of ratrrs with clinical expertise in areas other than paediatric 

physiotherapy is another potential source of investigation. Lrvels of reliability brtween 

and within other medical professionals that commonly evaluate infants with OBPP such 

3s surgeons. occupationai therapists and nurses remains unanswered. 

Future investigation should also compare the reliability of nters ihat receive 

instruction in use of the .WIS using a direct teaching approach versus independent 

l e m  ing . 

The predictive ability of the AMS althoueh reponed in a previous requires 

additional considention. Examination of the tool's ability to predict the patients that 

would be appropriate for early surgical intervention in cases where it is presently unclear 

would be of benefit. 



CGhCLUSION 

We have investigated the reliability of the Active Movement Scale for the evaluation 

of infants with obstetrical brachial plexus palsy by esamining sources oferror in two 

studies. Frorn these esperiments we can conciude that error is low in raters who have 

been trained in the use of the scale and that patient-related factors appear to account for 

the rnajority of variance bctween and within scores. Although rrror attributcd to the scale 

itself wris not studird directly. factor analysis of the rrsults providès evidence for content 

validity of the Active Movemtnt Scale. 

The clinical significancr of these findings is that evidence presently exists to support 

the use of the Active Movement Scalc as an evaluative tool for infants with uppcr 

tatremity paralysis. This instrument has significant potèntial for use in future studiès 

directed at drtining the naniral history of obstetrical brachial plexus palsy, drciding on 

appropriate treatment options and measuring treatmrnt outcomes. I t  is hoped that 

evidence for the reliability of this tool will lead to a consensus regarding a standardized 

method of evaluation for infants with obstetrical brachial plexus palsy. 
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APPENDICES 

APPENDIX 1:  GUIDELINES FOR USE OF THE ACTIVE MOVEMENT SCALE 

Guidelines For Use Of The Active Movement Scale 

Rules For Assigning Grades: 

1. .A score of 4 must be achieved (hl1 nnge of motion with gnvity eliminated) before 

3 higher score can br assigned. This clarifies scoring when limited movement is 

present both with gravity climinatrd and against gnvity. 

2 .  klovrment grades are assigned within the availabls nnge of passive motion. If a 

flexion contracture is presrnt at the elbow, for example. tuIl nnge of extension is 

scored if the eibow c m  be extended to the limits of the contracture. 

3. Movement is asscssed within the agr-appropriate nnge of motion. with the 

uninvolved contralateml limb used as a control to estimate the extent of available 

normal range. 

4. Extension of the digits is assessed at the metacarpophalangeal joints. Flexion of 

the digits is evaluated by observing the distance at rest benveen the finger-tips and 

the palm and then observing the active motion as a %action of that distance, both 

with and without gravity. 

5. Digital flexion or extension is given a single grade by using the movement score of 

the best digit. If the index finger scores a grade of 7 for flexion and the other digits 

score 2, for example, then the finger flexion score is 7. 



Method of Application: 

The Active Movement Scale should be administered with the upper body and arms of 

the infant exposed. Ideally, the child is placed on a tlat. firm surface wherr her or she 

can move or roll. A vanery of toys should be available to stimulate movement. Rattlès 

or toys that make sounds are especially useful. 

Gravity eliminated movemenrs are assessed first to determine whrther scores above 4 

can be assigned. To grade shoulder tlesion. for example. the child is placed in the grauity- 

elirninoted position of side-lying with the affrcted a m  uppermost. A rattle is placed 

within the child's view and moved in a way to attract attention. Tactile stimulation of the 

a n  using the toy followed by movement of the toy in a fonvard direction dnws 

attention to the a m  and encourages flexion of the shoulder. The antenor deltoid region of 

the shoulder is palpated to derect tlickers of movement if minimal active movement is 

seen. If less than full  range of available passive movement is obtainrd compared with the 

contralateral normal side, then a score of 3 or lower is given. If ful l  nnge of fonvard 

flexion is obtained (giving a score of 4), the child is placed in a supponed sitting position 

to view movement against gavity. .\gain the child is encouraged to reach fonvard for an 

object. An against-gravity score of 5 or more is assigned depending on the greatest nnge 

of motion observed. 

In this way, al1 joint movements are scored alier obsenration in -gavity-eliminated and 

against-_pvity positions. Parents may participatr in encouraging movernent if a child is 

especially anxious with strangers. With pnctice. all joint movements can be _maded by 

observation of play in three positions - supine, side-lying and sitting. 



APPENDIX 2: AMS EVALUATION FORM 

AhIS Evaluation Form 

Observation Muscle Grade 

Gravi- eiiminated 
No contraction 
Contraction, no motion 

Full motion 

Motion - - a n g e  
Motion > - range 
Full motion 

- -- 

Shoulder ~bduction 
Shoulder Adduction 

- . . -. . . - .- - .. . . . 

Shoulder Flexion 
Shoulder Extemal Rotation 
Shoulder Intemal Rotation 
Elbow Flexion 
Elbow Extension 
Forearm Pronation 
Forearm Supination 

- - 

Wrist Flexion 
Wrist Extension 
F ingr  Flexion 

- -- - -. 

Finger Extension 
Thumb Flexion 
Thumb Extension 



APPENDIX 3: CONSENT FORM FOR PARTICIPANTS 

Title of Research Proiect: 

A Comparison Of Rater Variability And Reliability When Using The Active Movement 
Scale To Assess Infants With Obstetrical Brachial Plexus Injuries 

Primary Investigator: 
Christine Curtis, MSc(candidate), BSc.P.T. 
Depanment of Rrhabilitation Services 

Co-Investigators: 
Rosemary Tannock BSc.P.T., PhD 
Bnin & Behavior Research Pro_gamme 
Senior Scientist, Research Institute 

David Andrews PhD 
Department of Preventative Medicine 
And Biostatistics 
University of Toronto 

Howard Clarke MD. PhD 
Division of Plastic Surgery 

Chantal Graveline BSc.P.T.. PhD 
Depanment of Rehabilitation Services 

Purpose of the Research: 

Babies with binh injunes to cenain nerves in the neck have muscle weakness in an m. It 
is important for different health care professionals (doctors and therapists) to be able to 
carefblly measure the amount of movernent in the arms of these babies. Many important 
decisions about the treatment of this type of problem are made on the amount of 
rnovement in the a m  and the change in movemcnt over time. This snidy will help us to 
measure the amount of agreement that different physical therapists have in recording a m  
movement in babies with binh injuries. It will help us see if a scale developed at The 
Hospital for Sick Children (called The Active Movement Scale) is accurate. If it is, we 
may be able to improve the care of babies with this type of binh injury. 



Description of the Research: 

The study will be on Santrday November 13, 1999 in the Rehabilitation Department at 
the Hospital for Sick Children. Your child will have the movement of their weak am 
measured three times by nvo di firent physical therapists. The movement testing will be 
similar to the normal check your child has durinp a Physiotherapy or Brachial Plexus 
C h i c  appointment at the Hospital for Sick Children. During the measurements, your 
child will be undressed ro the waist and cornfonably positioned on a soft mat. The 
iiierapisi wiii piay uiiii your chiid and encourage them ro move [ k i r  a m  Dy using 
different toys. You will be with your child during the whole test and may be asked to 
join in some of the simple play activities. The testing will be stopped at any timr if 
requested by you. Each thenpist will record their measurements on a pirce of paper that 
will be given to the researcher at the end of the test. The measurements will take no 
longer than 15 minutes tu finish and there will bc a 15 minute break between tests for you 
and your child. 

Potential Harrns. Injuries. Discornforts or Inconvenience: 

There is no known harm that can occur to your child from this study. They will not 
cxperience any discornfort in their a m  dunng the measurements. Some children rnay feel 
anxious by being handled by unfarniliar people. You rnay be encounged to join in with 
the play activities so that your child is not upset. You may hold or cornfort your child at 
any time during the measurements and every effort will be made to allow for ample rest 
during and between the tests. We understand that participation in this study will cause 
the inconvenience of a weekend visit to the hospital. On site childcare will be provided 
For your other children if required. A srna11 reimbunement ($40) will be given to you for 
eas and parking. You can decide not to participate in the study at any time. This wil1 not 
C 

affect the way that you or your child is treated at all. 

Potential Benefits: 

You or your child will not benefit directly fiom being part of this study. Yow'your 
child's participation will help us to develop a reliable scale for measuring movement and 
strength in the arms of babies with muscle weakness. This will help to provide the best 
care possible for children with these injuries. 



Confiden tialitv: 

Confidentiality will be respected and no information that identifies you or your child will 
be released or published without consent uniess required by law. For your information, 
the research consent form will be placed in your child's health record. 
Participation: 

Participation in this research is completely voluntary. If you choose not to participate. 
your child will continue to receivr quality care at The Hospital for Sick Children. 



Consent: 

" I  achxoivledge rhat rhe research procedzrres described above have been explained [O me 
and that a- questions rhar I have asked I have been answered ro my satisfaction. 1 have 
been informed of the alrernarives tu participation in rhis s t z r ~ ,  incliiding the righr no? tu 
parricipnte and the right ro icithdraic ivirhoiir conipromising the qzialip of medical care ar 
The Hospiral for Sick Chikiren for r q V  ch ild and for orher mem bers uj'n~v farnilv. ;I s iveII. 
rhe poten fial liarms and d~cornforrs hme been explainai ro me and I also rr nders rand die 
benefifs (ifany) of-parricipating in the research sru& I know thar I ma? usk noiv or itr the 
jilrzrre. a-. qziesriom I have obolrr rhe srzr& or the research procedltres. I have been 
asszired rhar records relating ro rny chiid and mj* chilci's care d l  be kepr conjidenriul and 
rltat no it@-rnariot~ i d 1  be releoseci or* prinreci ritor i~vzild disclose personal idenrie. 
wirholil - v  pemissio)~ z in ie~~ requit-ed by law. " 

I iiereby consenr /or nv* child ro parricipute. 

:Vunie of' Parenr .Vame of* person id10 O brained 
consent 

Signa nire 

The person ivho ma?* be conracted 
about tlzis research is: 

Christine Cttrtis 
ivho rnay be reached ar relephone X: 
(416) 813-6755 



APPENDIX 1: PATIENT PARTICIPANT QUESTIONNAIRE 

Child's Name: 

Sex: 

Age: 

Birth Date: 

Male Female 

Involved Side: Right 

Surgical Intervention: No 

Left 

Yes 

Months of age 

Study Use Only 

Subject #: 

Nerve Root Involvement: U P P ~ ~  Total 



APPENDIX 5 :  CONSENT FORM FOR HEALTH CARE PROFESSIONALS 

Title of Research Proiect: 

A Cornparison Of Rater Variability And Rrliability When Using The Active Movement 
Scale To Assess Infants With Obsrarical Brachial Plexus Injuries 

Invesii~ator(s): Primary Investigator: 
Christine Curtis. MSctcandidate), BSc.P.T. 
Department of Rehabili tation Services 

Co-Investigators: 
Rosemary Tannock BSc.P.T., PhD 
B n i n  & Behavior Research Programme 
Senior Scientist. Research Instinite 

David Andrews PhD 
Depanment of Preventative Medicine 
And Biostatistics. University of 
Toronto 

Howard Clarke MD, PhD 
Division of Plastic Surgery 

ChantalGraveline BSc.P.T. 
MSc., PhD. 
Depanment of Rrhab. 
Services 

P u r ~ o s e  of the Research: 

Infants with injuries to the nerves of the brachial plexus have motor weakness in their 
affected a m .  It is important for different health care prokssionals (doctors and 
therapists) to be able to accurately rneasure the amount of movernent in the arms of 
babies with brachial plexus injuries. Many important decisions that are made about the 
treatrnent of children with brachial plexus injuries are based on the amount of movement 
in the upper estremity and the change in movement over time. Your participation in this 
snidy will help us to determine the amount of agreement that di fferent physical therapists 
have in measuring movement in the arms of babies with obstetrkal brachial plexus injuries 
when using a scale that has been developed at the Hospital for Sick Children - The Active 
Movement Scale. This study is the first step in determinine the accuracy of this scale and 
May help in the development of a standardized method for evaluating babies with brachial 
plexus injuries. 



Description of the Research: 

The study will take place in the Rehabilitation Department at the Hospital for Sick 
Children on Fnday November 12 and Saturday November 13, 1999. You will be required 
to attend a workshop (approximately 3 hours in length) on the use of the Active 
Movement Scale. You will learn about the scale through a variety of teaching methods 
(didactic lecture, video presentation, practice with dolls and patient dernonstrations) 
which will provide instruction about the scale and its application. Within 2 days of the 
teaching workshop ynu will participate in the assessment portion of the study. 

On the assessment day, you will perform 3 assessments on 2 infants with obstetrical 
brachial plexus injuries (one patient is assessed nvice. the other once). Dunng the 
evaluation the child will be undressed ro the waist and comfonably positioned on a soti 
mat. You will play with the child and encourage them to actively move their a m  by using 
a variety of toys. The parent(s) will be present dunng the assessment and you rnay ask 
them to participate in some of the play activities in order to elicit desired rnovemrnts. 
The testing will be stopped at any tirne if requested by the parent. You will record your 
tindings on a piece of paper that will be given to the researcher at the end of the 
assessment. Each examination will take no longer than 15 minutes to complete and there 
will be a minimum of 15 minutes between tests to allow rest for the patient. their 
parent(s) and yoursel f. 

Potential Harms. Injuries. Discornforts or Inconvenience: 

There are no known harms associated with this study and infants being assessed using 
The Active Movement Scale will not expenence any discornfort. The time cornmitment 
over 2 days (approximately 5 hours) may pose some inconvenience for you as an 
assessor. A small reimbursernent of $40 for parking and gas will be offered. 

Potential Benefits: 

You will not benefit directly frorn participating in this study. Your attendance in the 
Active Movement Scale Workshop may provide you with additiona! clinical knowledge in 
the assessment of obstetrical brachial plexus patients that you may not have had 
previously. Your participation in this study will help to contnbute to the development 
of a reliable scale for measuring movement and strength in the affected arms of infants 
with obstetrical brachial plexus injuries. This will help to provide the best care possible 
for children with these injuries. 



Confidentiality will be respected and no information that discloses the identity of you or 
the subjects will be released or published without consent unless required by law. For 
your information, this research consent form will be kept on tile by the primary 
investigator. 

Participation: 

Participation in this rescarch is completely volunrar?;. You are free to withdraw t'rom the 
snidy rit any rime. 



Consent: 

"1 ackno wledge rlzat zhe research procedzires described obove have been e-rplained to me 
and rhar any qtresrions thaz 1 haive asked 1 have been answered zo m-v sarisfacrion. I have 
been informed of the alzernarives to participation in this stzr- including the right nor ro 
participare and the righz zo ivizhdraw ivirhouz comprornising the qualin oj'medical care ar 
The Hospiral for Sick Children for nie undfor other niernbers ofmy farni!v. .As ivel!. rhe 
potenrial harrns and discornforts have been explained to me and ! also irndersrand rhe 
benejirs (if ary) of parricipuring in the research s n r .  1 knoir rhar 1 r n q  ask m w  or in the 
fiinire. any qiiesrions I have abolir the sttrc?~ or rhe research procedzires. I hmle been 
asszired thar recorh relazing ro nie and care iriill be kepr confiden~ial and rhar no 
i~&imnario~ iidl be releosrd or printed thar ivoiifd disclose personal idenrih ivirltoirr nq* 
permission tinless reqtrired by laiv. " 

.Vame of person ivho obrained 
consent 

The person ivho m m  be conracted 
about rhis research is: 

Chrisrine Curris 



APPENDIX 6 :  RATER QUESTIONNAIRE 

S e x  

Age: 

Occupation: 

Male 

License #: 

Years of Full Time Paediatric Employment: 

Present Employer: 

Erperience With Active Movement Scale (prior to teaching workshop): 

1-5 Assessments 

6- 10 Assessments 

1 1-25 Assessments 

26-50 Assessments 

Over 50 Assessments 

Snidy Use Only: 

Rater R: 




