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Abstract
Purpose. To establish interrater and test–retest reliability of a clinical assessment of motor and sensory upper limb
impairments in children with hemiplegic cerebral palsy aged 5–15 years.
Method. The assessments included passive range of motion (PROM), Modified Ashworth Scale (MAS), manual muscle
testing (MMT), grip strength, the House thumb and Zancolli classification and sensory function. Interrater reliability was
investigated in 30 children, test–retest reliability in 23 children.
Results. For PROM, interrater reliability varied from moderate to moderately high (correlation coefficients 0.48–0.73) and
test–retest reliability was very high (40.81). For the MAS and MMT, total score and subscores for shoulder, elbow, and
wrist showed a moderately high to very high interrater reliability (0.60–0.91) and coefficients of 40.78 for test–retest
reliability. The reliability for the individual muscles varied from moderate to high. The Jamar dynamometer was found to be
highly reliable. The House thumb classification showed a substantial reliability and the Zancolli classification an almost
perfect reliability. All sensory modalities had a good agreement.
Conclusions. For all motor and sensory assessments, interrater and test–retest reliability was moderate to very high. Test–
retest reliability was clearly higher than interrater reliability. To improve interrater reliability, it was recommended to strictly
standardize the test procedure, refine the scoring criteria and provide intensive rater trainings.

Keywords: Upper limb impairments, reliability, hemiplegic cerebral palsy

Introduction

In children with hemiplegia, upper limb function

depends on several factors, including the severity of

paresis, the degree of spasticity and the extent of

sensory loss [1]. Various therapeutic, surgical and

pharmacological treatment strategies are used to

improve upper limb function. To guide and delineate

treatment strategies and to evaluate the efficacy,

reliable and valid measurements are indispensable.

According to the International Classification of

Functioning, Disability and Health model, upper

limb function can be measured on the body func-

tion level and on the activity level [2]. On the acti-

vity level, several measurement scales have been

developed, such as the Melbourne Assessment of

Unilateral Upper Limb Function [3], the Quality of

Upper Extremity Skills Test [4] and the Assisting

Hand Assessment [5], which have been tested for

their psychometric properties. In contrast, the

reliability and validity of the measurements on the

body function level, including passive range of

motion (PROM), muscle tone, strength and sensi-

bility measurements, have scarcely been evaluated.

Still, these assessments are systematically used in

clinical practice as well as in upper limb intervention

studies.

PROM measurements are routinely used to

evaluate muscle shortening and joint contracture

and to monitor the effects of tone reduction

Correspondence: Katrijn Klingels, Department of Rehabilitation Sciences, Katholieke Universiteit Leuven, Tervuursevest 101, 3001 Heverlee, Belgium.

Tel: þ32-16-32-91-17. Fax: þ32-16-32-91-92. E-mail: katrijn.klingels@faber.kuleuven.be

Disability and Rehabilitation, 2010; 32(5): 409–416

ISSN 0963-8288 print/ISSN 1464-5165 online ª 2010 Informa UK Ltd.

DOI: 10.3109/09638280903171469



treatment. Several studies have been published on

the reliability of PROM measurements in the lower

limbs in children with cerebral palsy (CP) [6–9].

They all reported moderate to high interrater and

intrarater reliability. The reliability of goniometric

measurements for the upper limb in hemiplegic

children has only been reported in one abstract [10].

In that preliminary study, good test–retest reliability

of PROM was found for elbow, wrist, and thumb

extension and forearm supination in young children

with upper limb spasticity. Shoulder abduction and

flexion and wrist radial deviation indicated poor test–

retest reliability.

To assess spasticity in children with CP, many

different methods are used which vary from sub-

jective, ordinal clinical scales to complex electrical or

orthogenetic devices. The clinical scale routinely

used in children with CP is the Modified Ashworth

Scale (MAS). Several studies have been published on

the reliability of the MAS in the lower limbs in

children wih CP [6,9,11,12]. The results indicated a

variable interrater and intrarater reliability. Clopton

et al. evaluated the interrater and intrarater reliability

in the upper limb, but only for the elbow flexors [13].

They reported good interrater and moderate in-

trarater reliability.

Muscle weakness has been recognized as a primary

clinical feature in CP [14]. There is a wide range of

procedures available to evaluate muscle strength but

there is limited research proving reliability and

validity, especially in children [15]. To assess muscle

strength in children with CP, manual muscle testing

(MMT) and grip strength measurements are most

routinely used. The reliability of MMT has been

reported in children with Duchenne’s muscular

dystrophy [16], but not yet in children with CP.

Also, the reliability of grip strength measurement in

children with CP has not been reported before.

The Zancolli classification provides insight on the

grip and release patterns [17]. Analysis of thumb

deformities is facilitated by the House thumb

classification that portrays the static and the

dynamic components of the deformities [18]. Both

classifications are generally accepted and commonly

used in children with CP. However, to the best of

our knowledge, the reliability of the Zancolli

classification has not been evaluated. The reliability

of the House thumb classification has only been

investigated in 10 children. Interrater reliability

was only fair and intrarater reliability was substan-

tial [19].

Sensory dysfunction has been reported to occur in

more than 50% of the children with hemiplegia [20],

and the impact of a disturbed sensibility on hand

function has been emphasized [21]. In children

with hemiplegia, stereognosis and two-point discri-

mination (TPD) are the sensory modalities most

commonly impaired [22]. In literature, the reliability

of a sensory assessment has only been investigated in

normal children [23, 24]. TPD, touch-pressure and

kinaesthesis measurements have shown to be suffi-

ciently reliable. Although several studies have

assessed sensory function to document deficits in

children with CP, the reliability of a sensory

assessment for the upper limb has not been evaluated

in this patient group.

In conclusion, there is a clear lack of reliability

studies on the clinical assessment of motor and

sensory impairments in children with CP. Never-

theless, reliability is considered as the basic psycho-

metric criterion for assessment tools. Therefore, the

aim of this study was to evaluate the interrater and

test–retest reliability of a clinical test battery to assess

motor and sensory upper limb impairments in

hemiplegic children.

Method

Participants

Participants were included in the study if they were

diagnosed with hemiplegic CP and aged between 5

and 15 years. Children who were not mentally

capable of cooperating with and comprehending

the assessments were excluded. The study popula-

tion consisted of 30 children. Eighteen children were

recruited from the Clinical Motion Analysis Labora-

tory of the University Hospital of Leuven, 12

children from special education schools. Ethical

approval was obtained from the Ethics Committee

of the University Hospital of Leuven and informed

consent was obtained from the parents.

Procedure

To evaluate interrater reliability, two physiothera-

pists (O1 and O2) routinely involved in the clinical

evaluation of children with CP, performed the

complete test procedure independently. The phy-

siotherapist who performed the examination first,

was randomly chosen. There was a time interval

of *1 h between both examinations during which no

treatment was offered. The first assessment was

performed at the place of recruitment. To determine

test–retest reliability, O1 performed the clinical

examination a second time after a 2-week interval.

Twenty-three children were re-examined, of which

12 children were tested at the same place of their

first assessment and 11 children at home. A

detailed instruction manual was developed and the

assessors practised jointly to standardize the test

procedure.

410 K. Klingels et al.



Assessment

The clinical evaluation included first an assessment

of motor impairments involving, in order of testing,

measurements of PROM, muscle tone, MMT, grip

strength and two classifications. These assessments

were evaluated in supine position, except for grip

strength and the classifications which were tested in

sitting position. Secondly, a sensory assessment was

performed in sitting position, involving, in order of

testing exteroception, proprioception, TPD, and

stereognosis.

Motor assessment

PROM of shoulder flexion and abduction, elbow

extension, supination and wrist extension with

finger extension was measured using a universal

goniometer.

Muscle tone was evaluated in eight muscle groups

by using the 6-point ordinal MAS, ranging from 0 to

4 [25]. The score 1þ was converted to 1.5. A total

score for the hemiplegic side was calculated (range

0–32) as well as subscores for the muscle groups of

the shoulder (adductors, internal/external rotators;

range 0–12), the elbow (flexors/extensors; range 0–8)

and the wrist and hand (pronators, wrist and finger

flexors; range 0–12).

To assess muscle strength, MMT was used

according to the 8-point ordinal scale of Daniels

and Worthingham, ranging from 0 to 5 [26]. MMT

was performed for shoulder flexion and abduction/

adduction, elbow flexion/extension, wrist supination/

pronation and flexion/extension. The score 27 was

converted to 1.5 and 3þ to 3.5. A total score was

calculated (range 0–45) as well as subscores for the

muscle groups of the shoulder (range 0–15), elbow

(range 0–10) and wrist (range 0–20).

A calibrated Jamar dynamometer was used to

assess grip strength. The position of the dynam-

ometer was adapted to the child’s hand size. The

child was sitting with the arm adducted, the elbow

flexed at 908, and the forearm and wrist in neutral

position (if possible). The mean of three maximum

voluntary contractions was recorded for each hand.

Also, the ratio of the grip strength of the hemiplegic

hand to the grip strength of the non-hemiplegic hand

was calculated to eliminate the correlation between

age and grip strength [27].

To assess selective extension in wrist and fingers,

the Zancolli classification was used [17]. Three

patterns were distinguished, determined by the

severity of spasticity and paresis. Pattern I corre-

sponds to a complete extension of the fingers with the

wrist in neutral position or less than 208 of flexion.

Pattern II is a complete extension of the fingers with

more than 208 of wrist flexion. Pattern II is further

subdivided into IIa where active extension of the wrist

is possible with fingers flexed and IIb where no active

extension of the wrist is possible even with fingers

flexed. Pattern III refers to the inability to actively

extend the fingers even with maximal wrist flexion.

Analysis of thumb deformities was facilitated by

the use of the House thumb classification which

distinguishes four types of contractures [18]. Type I

refers to a simple metacarpal adduction contracture,

type II to a metacarpal adduction contracture with

metacarpophalangeal flexion deformity, type III to a

metacarpal adduction contracture with a metacarpo-

phalangeal hyperextension deformity or instability

and type IV to a metacarpal adduction contracture

with metacarpophalangeal and interphalangeal flex-

ion deformities.

Sensory assessment

Exteroception was evaluated by assessing tactile

sense of the index finger. The finger tip pulp was

lightly touched three times and the child was asked to

say ‘yes’ when the touch was perceived. Exterocep-

tion was scored as absent (not felt in any attempt),

impaired (not felt in one or more attempt(s)) or

intact (all three attempts correct).

Proprioception was evaluated by assessing the

passive movement sense at the index finger. The

child was asked to say ‘yes’ when the movement was

perceived. If not felt within a small amplitude, the

examiner moved within larger amplitudes. Proprio-

ception was scored as absent (not felt in any

attempt), impaired (only felt within a larger ampli-

tude), intact (correctly felt within a small amplitude

in all three attempts).

To assess TPD, either one or two points of a Disc-

Criminator were placed longitudinally and perpen-

dicularly on the finger tip pulp of the index. The

minimal distance at which a subject could distinguish

one or two discrete points in five consecutive correct

trials was recorded. The examiner started with five

trials at a distance of 4 mm and progressively

decreased (until 2 mm) or increased (until 10 mm)

the distance.

Stereognosis was evaluated by tactile identification

of familiar objects. Of the 12 objects, six were

matched in pairs similar in size and shape (pencil/

pen, coin/button, paperclip/safety pin) and six

objects clearly differed from each other (key,

clothespin, marble, comb, spoon, ball). O1 and O2

randomly selected six objects of which three from the

similar pairs and three from the non-similar objects.

The number of objects correctly identified with the

hemiplegic hand was recorded. The total score

ranged from 0 to 6.

Reliability of upper limb assessment in CP 411



For exteroception, proprioception and TPD, the

unaffected hand was tested first to verify the ability to

comprehend the examination. For stereognosis, the

affected hand was tested first and the unaffected

hand was only tested if a child could not identify the

object with the affected hand.

Statistical analysis

Interrater and test–retest reliability was calculated by

the percentage of agreement, weighted kappa (kw)

and intraclass correlation coefficients (ICC), depen-

dent on the type of data. The 95% confidence limits

for k, kw, and ICC were calculated. According to the

guidelines of Landis and Koch [28], k values of more

than 0.80 were considered as an excellent reliability,

0.61–0.80 as a substantial, 0.40–0.60 as a moderate

and less than 0.40 as a poor to fair reliability. For the

ICC, values of more than 0.80 were considered as a

very high reliability, 0.60–0.79 as a moderately high,

0.40–0.59 as a moderate, and below 0.40 as a low

reliability [29].

Results

Subject characteristics

Thirty children (13 girls and 17 boys) with hemiplegia

were included. The mean age was 10 years 6 months

(SD 2 years 7 months, range 5–15 years). Eighteen

children had a right hemiplegia and 12 children a left

hemiplegia. Seventeen children attended special

education schools, 13 attended mainstream schools.

The children were sampled across the first two levels

of the Gross Motor Function Classification System

(GMFCS) (level I in 22 children, level II in eight

children) [30] and across all four patterns of the

Zancolli Classification (pattern I in 23 children,

pattern IIa in three children, pattern IIb in one child,

pattern III in three children).

Motor assessment

Passive range of motion. PROM of shoulder flexion

and abduction was limited in only three and four

children, respectively and therefore these movements

were not included for statistical analysis. Interrater

and test–retest reliability was evaluated for elbow

extension, supination and wrist extension with finger

extension (Table I). Coefficients for interrater

reliability were moderately high for elbow extension

and wrist supination with ICCs of 0.69 and 0.73,

respectively, but only moderate for wrist exten-

sion (ICC¼ 0.48). For test–retest reliability, all

correlations were very high with ICCs ranging from

0.81–0.94.

Muscle tone. Interrater and test–retest reliability for

the MAS is presented in Table II. Interrater reliability

for the individual muscles was very high for elbow

extensors (ICC¼ 0.83) and pronators (ICC¼ 0.82)

and moderately high for shoulder adductors

(ICC¼ 0.64), external rotators (ICC¼ 0.77), elbow

flexors (ICC¼ 0.72) and wrist flexors (ICC¼ 0.65).

ICC values were only moderate for internal rotators

(ICC¼ 0.52) and finger flexors (ICC¼ 0.58). For the

composite scores of the muscle groups, ICCs ranged

from 0.64 to 0.83 and for the total score, the ICC was

0.88 (CI 0.76–0.94.)

Test–retest reliability for the individual muscles

was very high for elbow flexors (ICC¼ 0.85) and

wrist flexors (ICC¼ 0.80). For all other individual

muscles ICCs were moderately high (ICC¼ 0.70–

0.79) except for the internal rotators (ICC¼ 0.57).

Table I. Intraclass correlation coefficients (ICC) with 95%

confidence intervals (CI) between raters and test–retest for

PROM.

Interrater (N¼ 30) Test–retest (N¼23)

ICC 95% CI ICC 95% CI

Elbow

Extension 0.69 0.44–0.84 0.94 0.86–0.97

Wrist

Supination 0.73 0.51–0.86 0.81 0.61–0.91

Extension 0.48 0.15–0.71 0.88 0.74–0.95

Table II. Intraclass correlation coefficients (ICC) with 95%

confidence intervals (CI) between raters and test–retest for the

MAS.

Interrater

(N¼30)

Test–retest

(N¼ 23)

ICC CI ICC CI

Shoulder

Adductors 0.64 0.37–0.81 0.70 0.42–0.86

Internal rotators 0.52 0.21–0.74 0.57 0.22–0.79

External rotators 0.77 0.58–0.88 0.76 0.52–0.89

Elbow

Flexors 0.72 0.50–0.86 0.85 0.69–0.93

Extensors 0.83 0.67–0.91 0.79 0.56–0.90

Wrist and fingers

Pronators 0.82 0.66–0.91 0.75 0.51–0.89

Wrist flexors 0.65 0.39–0.82 0.80 0.60–0.91

Finger flexors 0.58 0.29–0.78 0.75 0.48–0.88

Composite scores

Shoulder 0.64 0.38–0.81 0.78 0.55–0.90

Elbow 0.83 0.67–0.91 0.85 0.67–0.93

Wrist 0.81 0.64–0.90 0.85 0.68–0.93

Total 0.88 0.76–0.94 0.90 0.78–0.96
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For the composite scores of the muscle groups, test–

retest reliability was high (ICC¼ 0.78–0.85) and for

the total score the ICC was 0.90 (CI 0.78–0.96).

Muscle strength. Table III presents interrater and test–

retest reliability for MMT. Interrater reliability for

muscle strength in the individual muscles ranged

from 0.53 to 0.93 with higher ICC values in the more

distal muscle groups. Composite scores of the

shoulder and the elbow had a moderately high

reliability with ICCs of 0.60 and 0.62, respectively.

The muscle group of the wrist had a very high

reliability with an ICC of 0.91. The ICC for the total

score was 0.90 (CI 0.80–0.95).

Test–retest reliability for muscle strength was very

high for all individual muscles (ICC¼ 0.80–0.98)

except for a moderately high agreement for shoulder

abductors (ICC¼ 0.69). Composite scores of the

muscle groups of the shoulder, elbow and wrist

showed ICCs above 0.88. The ICC for the total

score was 0.96 (CI 0.91–0.98).

For grip strength, ICCs for the mean scores on the

hemiplegic side were calculated. For interrater

reliability, the ICC was 0.95 (CI 0.89–0.97).

Comparing test and retest showed an ICC of 0.96

(CI 0.90–0.98). For the ratio of mean grip force on

the hemiplegic side to the non-hemiplegic side, ICC

for interrater reliability was 0.88 (CI 0.76–0.94) and

for test–retest reliability 0.91 (CI 0.80–0.96).

Classifications. For the interrater reliability of the

House thumb classification, the percentage of agree-

ment was 83% and weighted k value was 0.73

(CI 0.51–0.95). Test–retest reliability was also sub-

stantial (83% agreement, kw¼ 0.74, CI 0.50–0.98).

For the Zancolli classification the weighted k value

for the interrater reliability was 0.95 with an almost

perfect agreement (93%). For the test–retest relia-

bility, there was perfect agreement (100% agree-

ment, kw¼ 1.00).

Sensory assessment

As shown in Table IV, all modalities of the sensory

assessment had a good agreement. Exteroception

showed an almost perfect agreement for both inter-

rater (96.43% agreement, kw¼ 0.88) and test–retest

reliability (95.24% agreement, kw¼ 0.89). Proprio-

ception showed a substantial agreement for interrater

reliability (83% agreement, kw¼ 0.69) and an ex-

cellent agreement for test–retest reliability (91.30%

agreement, kw¼ 0.83). TPD had a very high inter-

rater and test–retest reliability with ICCs of 0.92 and

0.81. Stereognosis had an ICC of 0.78 for interrater

reliability and 0.86 for test–retest reliability.

Discussion

Test–retest reliability of PROM was very high for

elbow extension, supination and wrist extension

which is in agreement with the results of Glazier

et al. [10]. They reported good test–retest reliability

for these goniometric measurements in young

children with upper limb spasticity. In contrast,

Table III. Intraclass correlation coefficients (ICC) with 95%

confidence intervals (CI) between raters and test–retest for manual

muscle strength.

Interrater (N¼ 30) Test–retest (N¼ 23)

ICC CI ICC CI

Shoulder

Flexors 0.54 0.23–0.75 0.81 0.60–0.91

Abductors 0.53 0.22–0.74 0.69 0.40–0.85

Adductors 0.66 0.40–0.82 0.94 0.86–0.97

Elbow

Extensors 0.68 0.44–0.84 0.88 0.75–0.95

Flexors 0.49 0.16–0.72 0.80 0.60–0.91

Wrist

Supinators 0.93 0.85–0.96 0.98 0.95–0.99

Pronators 0.70 0.47–0.85 0.92 0.82–0.96

Flexors 0.79 0.61–0.90 0.85 0.69–0.93

Extensors 0.77 0.58–0.88 0.81 0.62–0.92

Composite scores

Shoulder 0.60 0.32–0.79 0.93 0.84–0.97

Elbow 0.62 0.34–0.80 0.88 0.74–0.95

Wrist 0.91 0.82–0.96 0.96 0.91–0.98

Total 0.90 0.80–0.95 0.96 0.91–0.98

Table IV. Percentage of agreement (%), weighted kappas (kw), intraclass correlation coefficients (ICC) and 95% confidence intervals (CI)

between raters and test–retest for exteroception, proprioception, two-point discrimination (TPD) and stereognosis.

Interrater (N¼28) Test–retest (N¼ 21)

% kw ICC CI % kw ICC CI

Exteroception 96 0.88 0.63–1.00 95 0.89 0.68–1.00

Proprioception 83 0.69 0.42–0.96 91 0.83 0.60–1.00

TPD 0.92 0.83–0.96 0.81 0.60–0.92

Stereognosis 0.78 0.59–0.89 0.86 0.71–0.94
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interrater reliability for PROM at the elbow and wrist

was only moderate to moderately high. This is in

agreement with the variable interrater reliability

results reported for the lower limb in children with

CP [6–9]. In literature, test–retest has consistently

been reported to be more reliable than interrater

reliability [8]. This is confirmed in our results. The

lower ICC value for interrater reliability of wrist

extension, could also be partly explained by a low

variability in the total range of measurements as only

seven children presented with tight wrist flexors and

a limited PROM. This small variability between

subjects may consequently have contributed to a

poorer ICC. Based on our results, PROM measure-

ments in elbow and wrist can be suggested for status

and follow-up assessments in children with hemi-

plegia, though ideally these should be assessed by

the same rater. Further study is warranted to re-

evaluate the reliability in a study group with more

movement restrictions in the upper limb by includ-

ing children with a more severe type of CP (e.g.

quadriplegia).

Although the MAS has traditionally been used to

quantify spastic muscle tone, its reliability has been

debated [13]. In our study, interrater reliability of the

MAS scores for the individual muscles of the upper

limb was moderate to very high and test–retest

reliability was moderately high to very high. Only

one study assessed the reliability of the MAS in the

elbow flexors in children with CP [13]. They found

good interrater reliability and moderate intrarater

reliability. In the lower limbs in children with CP,

reliability results of the MAS scores varied from poor

to good [6,9,11,12]. Our findings and those of

Clopton et al. [13] suggest a higher reliability of the

MAS in the upper limb compared to the lower limb in

children with CP. This is in agreement with the results

of most studies in stroke patients [31]. The composite

scores of the shoulder, elbow and wrist joint, as well as

the total score showed a moderately high to very high

interrater and test–retest reliability. This is com-

parable to the study of Platz et al. in stroke patients

[32]. In this study, the Resistance to Passive Move-

ment (REPAS) has been presented as a rating scale for

resistance to passive movement, based on the Ash-

worth Scale. The REPAS is a summary rating scale

with a total score and regional body subtest scores.

Although composite scores are less informative for

treatment delineation, their reliability is better than

the reliability for the individual muscle groups. The

sum scores for the different joints can be useful for

both cross-sectional assessment and follow-up pur-

poses, e.g. treatment evaluation.

For almost all individual muscles and all compo-

site scores, test–retest reliability was higher than

interrater reliability. Thus, measurement variability

might be more attributable to the variability between

raters than to the variability within the child. We

included general instructions on how to perform the

test movements as well as specific instructions for

individual joint motions, such as hand placement,

alignment and movement range. However, to im-

prove interrater reliability, we hypothesize that the

original scoring criteria have to be amended by

explanatory details for each ordinal response cate-

gory for the different muscle groups in children with

CP, similar to the study of Platz et al. [32].

Test–retest reliability for MMT was high for all

individual muscles as well as for the composite

scores and the total score. Interrater reliability, on

the contrary, was significantly lower but reliability in

the distal muscle groups was better than in the

proximal muscle groups. Visual inspection of the

data showed that for the shoulder and elbow muscle

groups, all children obtained relatively good strength

scores (between 3þ and 5) whereas for the wrist

muscle strength, the children scored in at least six of

the eight possible classes. Thus, the greater scoring

variability of the distal muscle groups might explain

the higher ICC calculation. Nevertheless, test–retest

reliability clearly exceeded interrater reliability.

We would therefore recommend the examiners to

follow a standardized protocol that specifies patient

position, the precise alignment of the muscle being

tested, the movement range, the verbal instruction

and demonstration to the patient. Although we pro-

vided general scoring instructions, more detailed

scoring descriptions should also be appended for

each muscle group of the upper limb. We further

believe that interrater sessions should regularly be

organized to practise jointly and to discuss the test

performance and scoring.

For grip strength measured with the Jamar

dynamometer, results showed a very high interrater

and test–retest reliability for the hemiplegic hand

and for the ratio between the hemiplegic and the

non-hemiplegic hand. Reliability of grip strength

measurements with the Jamar dynamometer have

been established in normal children [33]. Our study

confirms the high reliability of this measurement

method in children with hemiplegia.

The House thumb classification revealed a sub-

stantial interrater and test–retest reliability. In a

previous study of Waters et al., interrater reliability

was only fair, whereas videotaped intrarater reliability

was substantial [19]. Agreement between observers

for the Zancolli classification was high and test–retest

agreement was perfect. Our results support the

reliability of these commonly used classifications.

In this study, all sensory modalities had a good

agreement. In literature, the reliability of diffe-

rent modalities of sensory assessment has been

investigated in normal children [23, 24]. In the study

of Thibault et al. [24], touch-pressure was evaluated
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with the Semmes Weinstein monofilaments and for

the kinaesthesis measurement the child had to define

the direction in which the limb was moved passively.

Although the test procedure in this study was

different, results were comparable. No other studies

have investigated the reliability of a sensory assess-

ment in children with CP.

Although the clinical assessments applied in this

study are widely used in clinical practice in children

with CP, the reliability of most of these assessments

has not been investigated in this study population.

Our results show that the reliability of motor and

sensory assessments is acceptable for interrater

measurements and even better for test–retest mea-

surements. Still, some critical reflections are war-

ranted. The study population was limited to children

with hemiplegia recruited from mainstream schools

and special education schools to obtain a represen-

tative sample. However, generalizations to other

types of CP should be made with caution because

of the limited scoring range for some assessments of

PROM and proximal muscle strength. Further study

is necessary to assess the reliability in a test group

including children with a more severe type of CP.

Secondly, the sample size was only modest, particu-

larly for test–retest reliability. Still, this sample size is

comparable to other studies that investigated relia-

bility of impairment assessments in children with CP

[7–13,19]. Thirdly, the selection of the children who

were included for the test–retest reliability was

arbitrary and unrelated to the severity of hemiplegia

or age. Comparison of the test and retest group

showed no significant differences with respect to age,

sex, hemiplegic side or GMFCS.

Conclusion

This was the first study that assessed interrater and

test–retest reliability of a clinical assessment of motor

and sensory upper limb impairments in children with

hemiplegia. For all motor and sensory assessments,

interrater and test–retest reliability was moderate to

very high. An important finding was that test–retest

reliability was clearly higher than interrater reliability.

Thus, assessments should preferably be performed

by single raters rather than different raters for follow-

up assessments and treatment evaluation. To im-

prove interrater reliability it was recommended to

strictly standardize the test procedure, to refine the

scoring criteria, and to provide an intensive rater

training.

From this study, we conclude that upper limb

motor and sensory impairments can be measured

reliably in children with hemiplegia, but great efforts

have to be made for standardization and rater

trainings.
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