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Abstract. [Purpose] The aim of this study was to translate the Selective Control Assessment of the Lower Ex-
tremity (SCALE) tool from English to Japanese and to assess the reliability and validity of the Japanese version of 
the SCALE (SCALE-J) tool in Japanese patients with spastic cerebral palsy. [Subjects and Methods] The SCALE 
tool was translated into Japanese in accordance with the published guidelines. In total, 55 patients with spastic cere-
bral palsy were enrolled in the present study. Reliability by internal consistency (Cronbach’s α), intrarater reliability, 
inter-rater reliability, and convergent validity by comparing Gross Motor Function Classification System (GMFCS) 
scores were examined. [Results] The Cronbach’s α value of the SCALE-J tool was 0.97–0.98, whereas that of the 
intrarater and inter-rater reliability ranged from 0.93 to 0.96. The Spearman correlation coefficient revealed a good 
relationship between the SCALE tool and the GMFCS. [Conclusion] The SCALE-J tool was found to be reliable and 
valid; therefore, the SCALE tool may be useful for evaluation in clinical practice.
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INTRODUCTION

Spasticity and contracture in patients with spastic cerebral palsy (CP) may result in apparent impairments, and the lack 
of selective voluntary motor control (SVMC) of the lower limbs can reportedly lead to severe functional disorders1, 2). The 
evaluation for SVMC of the lower limbs is considered to be an important contributor to the impairment of motor function in 
patients with CP2–4). An evaluation of SVMC has been partially performed (i.e., independent dorsiflexion of ankle joint), but 
a detailed evaluation of SVMC has not yet been performed worldwide.

Fowler developed the Selective Control Assessment of the Lower Extremity (SCALE) tool to clinically examine SVMC 
in children with spastic CP5). The SCALE tool assesses hip, knee, ankle, subtalar, and toe joints bilaterally, and active 
movements are assigned 0–2 points; the contents of this tool have been assessed for validity, inter-rater reliability, and 
convergent validity. Moreover, the SCALE tool indicates the relationships of the extensor strength of the knee joint6) and the 
relationships of the pediatric balance scale7). However, in Japan, there are no assessment tools for SVMC of the lower limbs 
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among patients with CP. The Gross Motor Function Classification System (GMFCS) is the most used tool for the assessment 
of motor function classifications for CP. Because the GMFCS varies widely between levels, it is necessary to investigate the 
characteristics of SVMC per level of the GMFCS.

Therefore, the aim of the present study was to translate the SCALE tool from English into Japanese following the proposed 
guidelines8) and to assess the reliability and validity of the Japanese version of the SCALE (SCALE-J) tool for Japanese 
patients with spastic CP.

SUBJECTS AND METHODS

The SCALE tool is designed to be administered clinically by expert clinicians and consists of three pages: the Directions 
for Administration, Instructions for Grading, and a Score Sheet5). The patient is asked to perform the following movement 
tasks for a count of 3 seconds: hip flexion and extension, knee extension and flexion, ankle dorsiflexion and plantar flexion 
with the knee extended, subtalar inversion and eversion, and toe flexion and extension. The SCALE tool assigns each joint 
a score from 0 to 2 points: 2 points, normal; 1 point, impaired; and 0 points, unable. The SCALE score is the sum of scores 
for each joint and assumes a 10 point maximum per limb. A rater can perform the evaluation within 15 minutes without 
specialized equipment after some practice.

Permission to translate the SCALE was granted by the developer (Dr. Eileen G Fowler) before the study was initiated. The 
translation followed the guidelines proposed by Beaton et al8). The SCALE was translated from English to Japanese by two 
independent translators who were native Japanese speakers. One of the translators was blinded to the purpose of the study. 
The other translator was given information regarding the purpose of the study. The two translations were compared with each 
other to assess any discordance. The two translators subsequently met to reach a consensus regarding these discordances. 
This version of the SCALE was then back-translated into English by two native English speakers. The back translations were 
integrated by a principal investigator when developing the final version of the SCALE-J tool.

Reliability and convergent validity were evaluated using the final version of the SCALE-J tool among the patients with 
spastic CP, who were recruited from three hospitals in Tokyo and Kanagawa. Fifty-five individuals with spastic CP with 
GMFCS levels ranging from I to IV were recruited. Eighteen out of these 55 individuals with the same ratio were chosen 
each for assessment of intrarater reliability and inter-rater reliability. The characteristics of the participants are presented in 
Table 1. The following inclusion criteria were used: (1) diagnosis of spastic CP, (2) ability to follow simple directions, and 
(3) age between 6 and 35 years. The following exclusion criteria were used: (1) history of lower extremity musculotendinous 
transfer or joint fusion and (2) orthopedic intervention or botulinum toxin injection in the lower extremities in the past 6 
months.

All patients provided written informed consent. This study was approved by Tokyo University of Technology of Health 
Sciences Ethical Review Board (Authorization Number: E13H3-023) and Tokyo Metropolitan University of Health Sci-
ences Ethical Review Board (Authorization Number: 14051). It was financially supported by JSPS KAKENHI grant number 
26750232. All authors declare that there are no conflicts of interest.

Intrarater reliability of the SCALE-J tool was assessed using the test-retest method by one rater for 18 participants with 
spastic CP. The rater was a physical therapist with 8 years of experience assessing patients with CP. Internal consistency of 
the SCALE-J tool was assessed using Cronbach’s α value. The intraclass correlation coefficient (ICC 1.1) and corresponding 
95% confidence interval (CI) were calculated for the SCALE scores obtained separately for the left and right limbs.

The inter-rater reliability of the SCALE-J tool was assessed by two raters among 18 participants with spastic CP. The two 

Table 1.  Participant characteristics and reliability and construct validity

Intrarater reliability Inter-rater reliability Construct validity
Number 18 18 55
Age, yrs (range) 14.7 ± 8.2 (6–35) 12.6 ± 5.5 (7–28) 14.7 ± 6.9 (6–35)
Male,n (%) 11 (61) 12 (67) 34 (62)
Distribution of impairments, n (%)

Diplegia 13 (72) 13 (72) 41 (75)
Hemiplegia 1 (6) 1 (6) 4 (7)
Quadriplegia 4 (22) 4 (22) 10 (18)

GMFCS level, n (%)
I 5 (28) 5 (28) 15 (27)
II 4 (22) 4 (22) 16 (29)
III 4 (22) 4 (22) 13 (24)
IV 5 (28) 5 (28) 11 (20)

Mean  ± SD. GMFCS: Gross Motor Function Classification System
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raters were physical therapists with 6–8 years of experience assessing patients with CP. Internal consistency of the SCALE 
was assessed using Cronbach’s α value. The intraclass correlation coefficient (ICC 2.1) and the corresponding 95% CI were 
calculated for the SCALE scores obtained separately for the left and right limbs.

Fifty-five individuals who had spastic CP with GMFCS levels ranging from I to IV were included for convergent valid-
ity. Ten CP patients with a GMFCS level of V were also screened for this study. However, they were excluded because 
it was difficult to obtain consent for participation and they were not able to complete simple motor movements that they 
were instructed to perform. Evaluation of convergent validity of the SCALE was performed by one of two therapists who 
participated in assessment of the inter-rater reliability of the SCALE-J tool. Right and left SCALE scores were summed as 
a value of the SVMC of the lower extremity. Total SCALE score and GMFCS levels were compared using Spearman’s rank 
correlation coefficients. All analyses were conducted using IBM SPSS Statistics for Windows (version 19.0); p<0.01 was 
considered statistically significant.

RESULTS

The test of intrarater reliability showed a relatively high ICC. Cronbach’s α values and the ICC 1.1 and 95% CI values for 
the left and right limbs are presented in Table 2. The Cronbach’s α values for SCALE-J ranged from 0.97 to 0.98. ICC 1.1 
ranged from 0.94 to 0.96 (95% CI, 0.85–0.99); both ICC 1.1 values were significant (p<0.01).

The test of inter-rater reliability showed a relatively high ICC. Cronbach’s α values and ICC 2.1 and 95% CI values for 
the left and right limbs are presented in Table 2. The Cronbach’s α values for the SCALE-J were 0.97. ICC 2.1 ranged from 
0.93 to 0.94 (95% CI, 0.83–0.98); both ICC 2.1 values were significant (p<0.01).

SCALE scores and GMFCS levels are presented in Table 3. SCALE scores showed a significant inverse correlation with 
the GMFCS levels (Spearman’s rank correlation coefficient, −0.87; p<0.01). The mean SCALE score decreased from 14.5 
for participants with GMFCS level I to 2.7 in participants with GMFCS level IV. However, the range of the SCALE scores 
for participants with GMFCS level III was notably larger than the ranges of the SCALE scores of the participants with other 
levels.

DISCUSSION

The aim of the present study was to translate the SCALE tool from English to Japanese and to examine the utility of the 
SCALE-J tool. Translation of this tool did not present any difficulties, and the SCALE-J tool was found to be reliable and 
valid. The clinical utility of this tool is supported by both high intrarater reliability and high inter-rater reliability. The SCALE 
tool assessment instructions and rating criteria are clear. However, because the ability to follow simple motor instructions 
is necessary, patients younger than 6 years and those with severe motor and intellectual disturbances (GMFCS level V) are 
excluded.

The convergent validity of the SCALE tool showed significant correlation with GMFCS level, which is another measure of 
disease severity. SVMC is considered important because it is one of the factors leading to functional motility disorder in cases 
with spastic CP. Sanger et al. defined SVMC as “the ability to isolate the muscle activity in a selected pattern in response to 
demands of a voluntary motion or posture”9). Damage to the corticospinal tract interferes with the ability to exercise force, 
control speed, and time muscle contractions and the pattern of voluntary movements; therefore, SVMC may be affected by 
the presence of spastic CP due to injury to the corticospinal tract, as in the case of injury to periventricular white matter9, 10). 
The convergent validity for the SCALE-J was −0.87, which is slightly higher than that of the original version of the SCALE 

Table 2.  Intrarater reliability and inter-rater reliability of SCALE

Limb Cronbach’s α Reliability 95% CI
ICC(1.1) Right 0.98 0.96* 0.90–0.99

Left 0.97 0.94* 0.85–0.98
ICC(2.1) Right 0.97 0.94* 0.84–0.98

Left 0.97 0.93* 0.83–0.98
SCALE: Selective Control Assessment of the Lower Extremity. *p<0.01

Table 3.  SCALE scores and GMFCS levels

I II III IV
SCALE score 14.5 ± 2.3 (11–18) 9.6 ± 2.3 (6–13) 5.7 ± 3.5 (1–12) 2.7 ± 1.5 (1–5)
Mean  ± SD (range). SCALE: Selective Control Assessment of the Lower Extremity; GMFCS: Gross Motor Function 
Classification System
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(−0.83), indicating good validity. Fowler et al. reported that SCALE scores of cases with GMFCS level III ranged from 0 to 
13 points, whereas SCALE scores of cases with GMFCS level IV ranged from 0 to 8 points5). In contrast, in the present study, 
the scores for cases with GMFCS level III ranged from 1 to 12 points, whereas the scores for cases with GMFCS level IV 
ranged from 1 to 5 points. One reason for this discrepancy may be the relatively lower mobility of individuals with GMFCS 
level III or IV in the present study compared with previous studies. The ranges of SCALE scores for patients with GMFCS 
level III or IV might vary widely because such patients use walking aids due to spasticity, impaired balance, contractures, 
deformities, and weakness.

Secondary disabilities such as hip joint or knee joint flexion contractures and equinus deformity are very important is-
sues in CP11, 12). Once the relationship between the degree of lower limb deformity and SCALE score is clarified through 
longitudinal research among spastic CP cases, it may serve as an important index of preventive physiotherapy intervention. 
Moreover, the treatment of spasticity can also involve Botox injections and orthopedic surgery. Hence, because spasticity and 
SVMC are related, the SCALE tool may be used as a pre-assessment before administration of Botox injections or orthopedic 
surgery for the treatment of spasticity. SVMC can be an important factor contributing to the impairment of motor function 
in patients with spastic CP.
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