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ABSTRACT 

Introduction: Routine indicators of rehabilitation effectiveness are rarely checked 
against validated measures in children. Kazakhstan mandates the Rehabilitation 
Routing Scale, whose properties in children are unknown. We tested whether its 
change agrees with change on the Gross Motor Function Measure and the Barthel 
Index. 

Methods: We analyzed 318 consecutive admissions to a national pediatric 
rehabilitation center (August to September 2025) from anonymized discharge records. 
Change scores were available for 306 children (Routing Scale), 215 (Gross Motor 
Function Measure) and 150 (Barthel Index). We estimated the magnitude of change, 
Spearman correlations of change scores (hypothesis: at least 0.30) with bootstrap 95% 
confidence intervals, tertile agreement and classification agreement. 

Results: Most children improved on every scale (88%, 92% and 96%); the Routing 
Scale never recorded a decline. Admission scores agreed moderately (correlation 0.69 
with the Gross Motor Function Measure and 0.52 with the Barthel Index). Change 
scores did not: 0.04 (95% confidence interval -0.10 to 0.18; 208 children) and -0.05 (-
0.21 to 0.12; 143 children), while change on the two validated scales correlated weakly, 
at 0.29 (0.08 to 0.48; 90 children). Among 86 children with all three scales, 40 improved 
on all three and 38 improved on both validated scales but not by a ratio of at least 1.10 
on the Routing Scale. Sensitivity analyses gave similar results, except that the Barthel 
Index correlation changed sign between age groups. 

Conclusion: The national scale tracked baseline severity, but its change was not 
interchangeable with change on validated measures. Effectiveness reports should use 
more than one instrument. Limitations include a single center, a short stay, no test-
retest data and no external anchor. 

Keywords: Rehabilitation; Child; Outcome Assessment, Health Care; Reproducibility 
of Results; Routinely Collected Health Data  
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Introduction 
Rehabilitation needs are high, frequently 

unmet, and is often not as high in lower resource 
settings [1]. Health systems therefore need to regularly 
check to see if inpatient rehab serves its function using 
indicators they gather regularly. They may appear 
useful because they do not require extra data collection, 
but they have to function like the validated measure, 
they are intended to represent to be informative [2]. 

The Rehabilitation Routing Scale needs to be 
documented at the time of admission and dismissal in 
Kazakhstan. It was created to achieve two goals: (1) 
staging rehabilitation and (2) moving patients between 
levels of care and was benchmarked against the 
modified Rankin Scale in an adult intensive care unit 
[3,4]. There is no description of its measurement 
properties in children. In reality the ratio of admission 
to discharge score is presented as an effectiveness 
indicator and this becomes significant for the 
evaluation of services, as it is the same children for 
whom this change is detected as in the established 
instruments. 

Two internationally adopted instruments are 
present along with it within the same records: Gross 
Motor Function Measure validated in children with 

cerebral palsy [5] and the Barthel Index of activities of 
daily living developed for an adult population [6,7] and 
modified for children with rare disorders [8]. Children 
who gain on one instrument should gain on the other 
and agreement could be seen both at time of admission 
and change. The greater the agreement in change, the 
better; children may have different severity 
measurements on admission and agree anyway despite 
differences in the instruments' responsiveness to the 
treatment [9]. 

We therefore asked three questions in a cohort 
of consecutive admissions to a national tertiary 
pediatric rehabilitation center. First, how large is the 
change on each instrument over a standard admission? 
Second, do the instruments agree at admission, and do 
they agree in change? Third, do they classify the same 
children as improved? We framed the work as a 
descriptive measurement study, following the 
COSMIN taxonomy of measurement properties [2] and 
published quality criteria for measurement properties 
[10]. In this taxonomy, the size of change describes how 
much children have changed, whereas responsiveness 
is tested by hypotheses about how change relates to 
change on comparator instruments [11]. 

Materials and Methods 
Study design and setting 
This was a retrospective cohort study of all 

consecutive inpatient admissions to a national tertiary 
pediatric neurorehabilitation center between August 
and September 2025. The center receives children with 
neurodevelopmental and neurological conditions from 
across the country and delivers a protocol-based 
program of about 24 days. The study is reported 
according to the STROBE statement [12], with the 
RECORD extension for routinely collected health data 
[13]. The completed RECORD checklist is provided in 
the Supplementary Material. 

Data source and preparation 
Electronic discharge summaries provided for 

every admission were anonymized. Duplicates for the 
same admission were removed, and 318 unique 
admissions were included in the final cohort for 
analysis. Structured variables, including the admission 
and discharge scores on the three instruments and the 
recorded effectiveness ratio, were extracted by a rule-
based parser (regular expressions applied to the text 
layer of each summary) that left a field blank when its 
pattern was not found. Extracted values were screened 
against plausible ranges, and about half of the 
summaries (50%) were checked manually against the 
source documents. For the Gross Motor Function 
Measure and the Barthel Index two independent 

extractions existed; they agreed exactly for 93% 
(admission) and 96% (discharge) of overlapping Gross 
Motor Function Measure values and for 96% and 82% 
of Barthel Index values (disagreement 7%, 4%, 4% and 
18%), and the reconciled value was used. ICD-10 codes 
were used to assign diagnosis group (cerebral palsy, 
speech and language delay, autism spectrum disorder, 
Down syndrome, other neurological disorders, other) 
in the discharge summary.  

The Functional Independence Measure was 
excluded because admission and discharge scores in 
part of the cohort were recorded on different item sets 
(an 18-item version at admission and a 13-item motor 
version at discharge). Two Gross Motor Function 
Measure change scores of -16 and -50 points were 
judged implausible in magnitude for a stay of this 
length and were set aside in the primary analysis; they 
were retained in a sensitivity analysis. 

Instruments and change scores 
The Routing Scale was introduced in 2017 by 

the Russian professional rehabilitation community, 
building on a national pilot project, to stage patients 
and route them between levels of rehabilitation care 
[14]. In the Russian adult version it has grades 0 to 6, 
assigned from the most pronounced feature; grades 0 to 
1 need no rehabilitation, grade 2 is routed to day-
hospital rehabilitation, grade 3 to a day hospital or 24-
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hour department, and grades 4 to 6 to 24-hour inpatient 
rehabilitation [14,15]. The Russian pediatric order does 
not use the scored scale [15]. In Kazakhstan, Order No. 
65 of the Ministry of Health (7 April 2023, as amended) 
[4] defines a separate pediatric version (Appendix 6 to 
the Standard), which grades function and activity 
limitation from 0 (no impairment) to 5 (extreme 
impairment), with descriptions specific to five age 
bands from 0 to 18 years. Clause 30 of the Standard 
defines the effectiveness of rehabilitation in children 
from the initial (R1) and final (R2) ICF-based 
assessments, where b is the rating of body functions and 
d the rating of activity and participation, R = (b + d)/2, 
and the effectiveness ratio is R1:R2; values below 1 are 
unsatisfactory, 1 to 1.5 satisfactory, 1.5 to 2.0 good and 
above 2.0 significant. Because R is a mean of two 
ratings, scores are not integers; lower scores indicate 
better function. In this cohort admission scores ranged 
from 1.62 to 3.75 and discharge scores from 1.40 to 3.50. 
Gross Motor Function Measure and Barthel Index 
scores were recorded as percentage or total scores on a 
0-100 range, with higher scores indicating better 
function. For each instrument, change was defined so 
that positive values mean improvement: admission 
minus discharge for the Routing Scale and discharge 
minus admission for the other two. We analyzed 
change in each instrument's own units, and, where 
scales needed to be compared, in standardized form. 

Improvement was classified per instrument as 
a Gross Motor Function Measure gain of at least 1.5 
points and a Barthel Index gain of at least 5 points. 
These thresholds are conventional reporting values, not 
validated minimal important differences. The 1.5-point 
Gross Motor Function Measure threshold is close to the 
1.3-point difference published for the 66-item version 
(GMFM-66) in ambulatory children with cerebral palsy 
[16]; the version recorded here (GMFM-88 or GMFM-
66) is not stated in the discharge summaries, and the 
cohort includes children without cerebral palsy, so the 
value may not transfer. A Barthel Index gain of at least 
5 points is effectively any gain: scores changed in steps 
of 5 points in 98.7% of children and only one child 
gained 1 to 4 points. Neither threshold was derived in 
this cohort, which has no external anchor. For the 
Routing Scale we used two definitions: any reduction in 
score, and a recorded admission-to-discharge ratio of at 
least 1.10. A ratio of 1.10 corresponds to a reduction of 
about 9.1% in the admission score (1 − 1/1.10), not 10%. 
In this cohort 1.10 is the median of the recorded ratio 
(25th to 75th percentile 1.04 to 1.10). It was chosen 
because the effectiveness bands in Order No. 65 [4] 
place every child in this cohort in a single band (1.0 to 
1.5; recorded ratios 1.00 to 1.40), so they cannot separate 
children. The threshold classifies about half of the 

children as improved (51% of 311) by construction, 
against 85% to 96% on the validated scales. Because this 
caps the raw agreement that can be reached, we also 
report the lenient definition and the largest raw 
agreement attainable. 

Analysis sets 
Change on the Routing Scale and the Gross 

Motor Function Measure was available for 208 children 
(set 1), on the Routing Scale and the Barthel Index for 
143 children (set 2), on all three for 86 children (set 3), 
and on the two validated scales for 90 children. Missing 
scores were not imputed. Availability was not random 
(see Results), so pairs were analyzed on their own 
available cases, with the denominator given for every 
estimate. Denominators differ across analyses for the 
reasons shown in Figure 1. A Routing Scale change 
score required both an admission and a discharge score 
(306 of 318 admissions). The Gross Motor Function 
Measure was paired in 217 children, of whom 215 
remained after the two implausible falls were set aside; 
the admission-score correlation with the Routing Scale 
used the 216 children with both admission scores. The 
classification comparisons in Table 4 that use the 
recorded ratio (n = 212 and 144) include children with a 
recorded ratio but no computed Routing Scale change, 
whereas the correlations of change scores use the 
computed difference (n = 208 and 143). 
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Figure 1. Participant flow. Consecutive admissions between August and September 2025 and the number of 
children with paired admission and discharge scores on each instrument; two Gross Motor Function Measure change 
scores (−16 and −50 points) were set aside as implausible. The analysis sets are complete cases for each pair of scales (no 
imputation); recorded-ratio comparisons in Table 4 use children with a recorded effectiveness ratio. GMFM, Gross 
Motor Function Measure. 

 
Statistical analysis 
Continuous variables are summarized as 

median and interquartile range or mean and standard 
deviation, as stated. The magnitude of change was 
described by the standardized response mean (mean 
change divided by the standard deviation of change) 
with percentile bootstrap 95% confidence intervals 
from 2,000 resamples [17]; the standardized response 
mean follows Husted and colleagues [18], and values of 
0.8 or more were regarded as large [19]. Wilcoxon 
signed-rank test was used to test admission-to-
discharge change. Following COSMIN, the 
standardized response mean describes how large the 
change was and is not by itself a test of responsiveness. 
Responsiveness was assessed through a hypothesis 
about change scores: that change on the Routing Scale 
would correlate with change on each validated 
instrument at 0.30 or more, as expected if they capture 
the same change, and likewise for the two validated 
instruments [11]. The hypothesis was specified after a 
descriptive review of the data and is therefore a 
criterion for interpretation, not a prespecified test. 

Agreement was examined on three levels. The 
first step was to calculate Spearman correlations with 

the Routing Scale score reversed (agreements changed 
to positive scores), and between change scores 
(spanning 6 pairs of scores: bootstrapped 95% 
confidence intervals and Benjamini-Hochberg 
adjusted) [20]. Partial rank correlations of change scores 
adjusted for both admission scores addressed 
regression to the mean [9]. The second attempt was to 
arrange changes into tertiles at 33rd and 67th percentile 
(ties assigned to the lower tertile) and then summaries 
agreement in terms of linearly weighted kappa. Third, 
binary improvement classifications were compared 
using raw agreement, Cohen's kappa, Gwet's first-order 
agreement coefficient and the prevalence-adjusted bias-
adjusted kappa, because kappa is unstable when most 
children improve [21,22]. Kappa values were 
interpreted using conventional bands [23], and 
correlations were described as negligible (below 0.10), 
weak (0.10 to 0.39), moderate (0.40 to 0.69) or strong 
(0.70 or more) [24]. The same bands are used 
throughout the text, tables and figures. 

Sensitivity analyses repeated the changing 
correlations in children with cerebral palsy, in other 
diagnoses, after excluding repeat admissions, in the 86 
children with all three scales, with the two implausible 
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falls retained, with the recorded ratio in place of the 
difference, and within age groups. Age-group results 
were considered exploratory. The random seed was 
fixed at 2025. Analyses were run in Python (pandas, 
SciPy, statsmodels, scikit-learn, matplotlib). Additional 
tables and figures are in the Supplementary Material 
(Tables S1 to S6; Figures S1 to S3). Because the analyses 
were planned after a descriptive review of the data, the 
findings should be regarded as hypothesis-generating 
rather than confirmatory. 

Ethics approval and consent 
The study was approved by the institutional 

research ethics committee of the authors' university (see 

Ethics) and analyzed only anonymized discharge 
summaries. The requirement for informed consent was 
waived because only anonymized, routinely collected 
data were analyzed. 

Data and code availability 
The discharge summaries contain sensitive 

clinical information and the data are not publicly 
available. De-identified data may be requested from the 
corresponding author, subject to approval by the 
research ethics committee and the data-providing 
center. The analysis code and supplementary materials 
are available from the corresponding author on request. 

Results 
Cohort and availability of scores 
Participant flow and the number of children 

contributing to each analysis are shown in Figure 1. Of 
318 admissions, 121 (38.1%) were children with cerebral 
palsy and 79 (24.8%) had speech and language delay. 
Median age was 5.8 years (interquartile range 3.7 to 
10.0). Change on the Routing Scale was available for 306 
children (96.2%), on the Gross Motor Function Measure 
for 215 (67.6%) and on the Barthel Index for 150 (47.2%) 
(Table 1). Availability differed by diagnosis and age 
(Supplementary Table S1; Supplementary Figure S3). 

The Gross Motor Function Measure was recorded for 
118 of 121 children with cerebral palsy (97.5%) but for 
14 of 79 with speech and language delay (17.7%) and 10 
of 36 with autism spectrum disorder (27.8%). The 
Barthel Index was recorded only in children younger 
than 7 years: it was available for none of the 127 
children aged 7 years or older. Children with Barthel 
Index data (set 2) were younger than other children 
(median 3.6 versus 9.5 years). The three analysis sets 
therefore describe different parts of the caseload. 

 
Table 1. Characteristics of all admissions and of children in each analysis set 
 

Characteristic All 
admissions 

Routing Scale 
change 
available 

Set 1: 
Routing 
Scale + 
GMFM 

Set 2: Routing 
Scale + Barthel 

Set 3: all 
three 

Children 318 306 208 143 86 
Age, median (IQR), years 5.8 (3.7-10.0) 5.9 (3.8-10.0) 7.0 (3.1-12.3) 3.6 (2.4-5.0) 2.6 (1.7-4.2) 
Age 0 to <3 y, n (%) 56 (17.6%) 54 (17.6%) 50 (24.0%) 53 (37.1%) 49 (57.0%) 
Age 3 to <7 y, n (%) 135 (42.5%) 128 (41.8%) 54 (26.0%) 90 (62.9%) 37 (43.0%) 
Age 7 to <12 y, n (%) 70 (22.0%) 68 (22.2%) 51 (24.5%) 0 (0.0%) 0 (0.0%) 
Age 12 y or older, n (%) 57 (17.9%) 56 (18.3%) 53 (25.5%) 0 (0.0%) 0 (0.0%) 
Male, n (% of children with 
sex recorded) 

214 (84.9%) of 
252 

206 (84.8%) of 
243 

131 (80.4%) 
of 163 

93 (85.3%) of 109 51 (78.5%) of 
65 

Cerebral palsy, n (%) 121 (38.1%) 116 (37.9%) 113 (54.3%) 41 (28.7%) 41 (47.7%) 
Speech/language delay, n 
(%) 

79 (24.8%) 74 (24.2%) 14 (6.7%) 51 (35.7%) 9 (10.5%) 

Autism spectrum disorder, 
n (%) 

36 (11.3%) 36 (11.8%) 10 (4.8%) 11 (7.7%) 2 (2.3%) 

Other neurological, n (%) 27 (8.5%) 26 (8.5%) 25 (12.0%) 11 (7.7%) 11 (12.8%) 
Down syndrome, n (%) 18 (5.7%) 18 (5.9%) 17 (8.2%) 10 (7.0%) 10 (11.6%) 
Other, n (%) 37 (11.6%) 36 (11.8%) 29 (13.9%) 19 (13.3%) 13 (15.1%) 
Repeat admission, n (%) 116 (36.5%) 113 (36.9%) 89 (42.8%) 38 (26.6%) 28 (32.6%) 
Admission Routing Scale 
score, median (IQR) 

2.5 (2.0-2.8) 2.5 (2.0-2.8) 2.5 (2.0-2.9) 2.7 (2.4-2.9) 2.8 (2.5-3.0) 
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Abbreviations: GMFM, Gross Motor Function Measure; IQR, interquartile range. Sets are not mutually exclusive. Sex 
was recorded for 252 of 318 children; percentages use recorded children only. 

 
Magnitude of change 
Every instrument showed improvement over 

the admission (Table 2, Figure 2). The mean Routing 
Scale reduction was 0.18 points (standard deviation 
0.13; standardized response mean 1.42, 95% confidence 
interval 1.29 to 1.57), with 87.9% of children improved, 
12.1% unchanged and none worse. The Gross Motor 
Function Measure rose by 3.4 points on average 
(standard deviation 3.3; standardized response mean 
1.04, 0.87 to 1.27); 91.6% improved, 0.5% was 
unchanged and 7.9% declined. The Barthel Index rose 

by 9.2 points (standard deviation 5.7; standardized 
response mean 1.62, 1.46 to 1.85); 96.0% improved and 
none declined. Routing Scale changes took 36 distinct 
values, 75.8% were multiples of 0.05, and 12.1% were 
zero. At discharge, 9.2% of children scored 90 or more 
on the Gross Motor Function Measure and 16.0% on the 
Barthel Index, against 4.6% and 5.2% at admission. The 
magnitude of change was similar in children with 
cerebral palsy and in other diagnoses; whether change 
on the Routing Scale corresponds to change on the 
validated instruments is examined next. 

 

 
 
Figure 2. Admission-to-discharge change on each instrument. Thin lines are individual children; boxes show 

median and interquartile range; the thick line joins means. The Routing Scale axis is inverted so that upward means 
better in every panel. SRM, standardized response mean (95% confidence interval) from 2,000 bootstrap resamples. 
SHM, Rehabilitation Routing Scale; GMFM, Gross Motor Function Measure. 

 
Table 2. Magnitude of change on the three instruments over admission 
 

Group and instrument n Admission, 
mean 

Discharge, 
mean 

Change, 
mean (SD) 

Standardized 
response mean 
(95% CI) 

Better / same / 
worse, % 

All: Routing Scale 306 2.49 2.31 0.18 (0.13) 1.42 (1.29 to 1.57) 87.9 / 12.1 / 0.0 
All: GMFM 215 56.4 59.8 3.4 (3.3) 1.04 (0.87 to 1.27) 91.6 / 0.5 / 7.9 
All: Barthel Index 150 54.9 64.1 9.2 (5.7) 1.62 (1.46 to 1.85) 96.0 / 4.0 / 0.0 
Cerebral palsy: 
Routing Scale 

116 2.49 2.31 0.18 (0.14) 1.34 (1.17 to 1.54) 84.5 / 15.5 / 0.0 

Cerebral palsy: GMFM 118 52.4 55.4 3.0 (2.9) 1.03 (0.80 to 1.33) 89.0 / 0.8 / 10.2 



Zaidi et al.                                                                                         Epidemiol Health Data Insights. 2026;2(5):ehdi061                                   
 

 

EHDI: https://www.journalehdi.com 

Cerebral palsy: Barthel 
Index 

45 45.3 52.9 7.6 (5.3) 1.43 (1.14 to 2.11) 93.3 / 6.7 / 0.0 

Other diagnoses: 
Routing Scale 

190 2.48 2.30 0.18 (0.12) 1.47 (1.29 to 1.70) 90.0 / 10.0 / 0.0 

Other diagnoses: 
GMFM 

97 61.3 65.2 3.9 (3.7) 1.07 (0.86 to 1.43) 94.8 / 0.0 / 5.2 

Other diagnoses: 
Barthel Index 

105 59.0 68.9 9.8 (5.7) 1.72 (1.52 to 2.01) 97.1 / 2.9 / 0.0 

Abbreviations: CI, confidence interval; GMFM, Gross Motor Function Measure; SD, standard deviation. Change is 
defined so that positive values mean improvement (Routing Scale: admission minus discharge). Confidence intervals are percentile 
bootstrap, 2,000 resamples. p < 0.001 for change from admission in all rows (Wilcoxon signed-rank). 

 
Agreement at admission and in change 
At admission the three instruments agreed 

moderately (Table 3, Figure 3). The Spearman 
correlation of Routing Scale function (sign reversed) 
was 0.69 (95% confidence interval 0.62 to 0.76; 216 

children) with the Gross Motor Function Measure and 
0.52 (0.40 to 0.64; 150 children) with the Barthel Index, 
and the two validated scales correlated at 0.69 (0.54 to 
0.80; 95 children). 

 
Table 3. Agreement between instruments at admission and in change 
 

Pair Admission scores: 
Spearman (95% 
CI); n 

Change scores: 
Spearman (95% 
CI); n 

Adjusted 
p 
(change) 

Partial Spearman 
of change (95% CI) 

Tertile 
weighted 
kappa (95% 
CI) 

Routing Scale vs 
GMFM 

0.69 (0.62 to 0.76); 
216 

0.04 (-0.10 to 0.18); 
208 

0.563 0.05 (-0.09 to 0.19) -0.06 (-0.17 to 
0.04) 

Routing Scale vs 
Barthel 

0.52 (0.40 to 0.64); 
150 

-0.05 (-0.21 to 0.12); 
143 

0.563 -0.02 (-0.19 to 0.13) -0.06 (-0.17 to 
0.05) 

GMFM vs Barthel 0.69 (0.54 to 0.80); 
95 

0.29 (0.08 to 0.48); 
90 

0.009 0.24 (0.03 to 0.45) 0.15 (0.01 to 
0.28) 

Abbreviations: CI, confidence interval. Routing Scale function (sign reversed) is used for admission scores, so positive 
values indicate agreement. Adjusted p is Benjamini-Hochberg across the six Spearman correlations in this analysis. Partial 
correlations adjust for both admission scores. Responsiveness hypothesis: correlation of change scores of at least 0.30. Tertile cut 
points: Routing Scale 0.10 and 0.22; Gross Motor Function Measure 2 and 4 points; Barthel Index 5 and 10 points. 

 

 
Figure 3.  



Zaidi et al.                                                                                         Epidemiol Health Data Insights. 2026;2(5):ehdi061                                   
 

 

EHDI: https://www.journalehdi.com 

Agreement between instruments at admission and in change. Spearman correlations with bootstrap 95% 
confidence intervals. Routing Scale function (sign reversed) is used for admission scores. The dashed line marks a 
correlation of 0.30, the hypothesized threshold for responsiveness. SHM, Rehabilitation Routing Scale; GMFM, Gross 
Motor Function Measure. 

 
Change scores give a different story. No 

correlation was observed between Routing Scale 
change and Gross Motor Function Measure change 
(0.04; 95% confidence interval -0.10 to 0.18; 208 children) 
or Barthel Index change (-0.05; -0.21 to 0.12; 143 
children), with both these scores adjusted for age and 
length of stay in the clinic. The upper confidence limits 
exclude correlations of 0.30 in both pairs. The 
hypothesis of a correlation of at least 0.30 was therefore 
not supported for the Routing Scale against either 
validated instrument. Change on the Gross Motor 

Function Measure and the Barthel Index correlated 
weakly (0.29; 0.08 to 0.48; 90 children; adjusted p = 
0.009). Adjusting for both admission scores left these 
estimates essentially unchanged (partial correlations 
0.05, -0.02 and 0.24). Tertile agreement was no better 
than chance for the Routing Scale against either 
validated scale (weighted kappa -0.06 for both) and 
slight for the two validated scales (0.15, 0.01 to 0.28) 
(Figure 4). Of 208 children with both Routing Scale and 
Gross Motor Function Measure change, 28.8% were in 
opposite extreme tertiles. 

 

 
Figure 4. Agreement between change scores. (A-C) Scatter plots with small random jitter to separate tied values 

and a LOWESS smoother; ρ, Spearman correlation (95% confidence interval). (D-F) Cross-tabulation of change tertiles 
(low, mid, high) with linearly weighted kappa; ties are assigned to the lower tertile. SHM, Rehabilitation Routing Scale; 
GMFM, Gross Motor Function Measure. 

 
Classification of improvement 
Using any reduction in Routing Scale score as 

the definition, raw agreement with Gross Motor 
Function Measure improvement was 80.3% (kappa 0.21; 
Gwet coefficient 0.74) and with Barthel Index 
improvement 86.7% (kappa -0.06; Gwet coefficient 0.85) 
(Table 4). The high raw agreement reflects that 85% to 
96% of children improved on every scale, which the 
Gwet coefficient reflects and kappa does not. With the 
stricter ratio of at least 1.10, agreement was 54.2% 
(kappa 0.04) with the Gross Motor Function Measure 
and 47.2% (kappa 0.00) with the Barthel Index, and the 

Routing Scale classified 53.3% and 47.2% of children as 
improved against 84.9% and 95.8% by the validated 
scales. Given the proportions classified as improved, 
the largest raw agreement attainable with the ratio 
definition was 68% against the Gross Motor Function 
Measure and 51% against the Barthel Index (one minus 
the difference in the proportions improved); observed 
agreement was 54% and 47%. Among the 86 children 
with all three scales, 40 improved on all three, 38 
improved on both validated scales but not by a ratio of 
at least 1.10 on the Routing Scale, and the remaining 8 
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were spread over four other patterns of two children 
each (Figure 5). 

 
 

Table 4. Agreement of binary improvement classifications 
 

Comparison n Improved, % 
(first / second) 

Raw 
agreement, 
% 

Cohen 
kappa 

Gwet 
AC1 

PABAK Both / first only 
/ second only / 
neither 

Routing Scale ratio ≥ 
1.10 vs GMFM ≥ 1.5 

212 53.3 / 84.9 54.2 0.04 0.20 0.09 98 / 15 / 82 / 17 

Routing Scale any gain 
vs GMFM ≥ 1.5 

208 86.1 / 84.6 80.3 0.21 0.74 0.61 157 / 22 / 19 / 10 

Routing Scale ratio ≥ 
1.10 vs Barthel ≥ 5 

144 47.2 / 95.8 47.2 0.00 0.11 -0.06 65 / 3 / 73 / 3 

Routing Scale any gain 
vs Barthel ≥ 5 

143 90.9 / 95.8 86.7 -0.06 0.85 0.73 124 / 6 / 13 / 0 

GMFM ≥ 1.5 vs Barthel 
≥ 5 

90 94.4 / 94.4 91.1 0.15 0.90 0.82 81 / 4 / 4 / 1 

Abbreviations: AC1, Gwet first-order agreement coefficient; PABAK, prevalence-adjusted bias-adjusted kappa. Thresholds: 
Gross Motor Function Measure gain ≥ 1.5 points; Barthel Index gain ≥ 5 points; Routing Scale ratio ≥ 1.10 or any reduction. Rows 
using the recorded ratio include children with a recorded ratio even when no discharge Routing Scale score was available, so n 
differs from the correlations of change scores (212 versus 208; 144 versus 143). The largest raw agreement attainable for the ratio 
rows, given the proportions improved, is 68% and 51%. Exact McNemar p for the ratio-based comparisons was < 0.001. 

 

 
Figure 5. Agreement on who improved. (A) Raw agreement, Gwet first-order agreement coefficient (AC1) and 

Cohen kappa for five definitions of improvement; indices multiplied by 100. (B) Combinations of improvement among 
the 86 children with all three instruments (Routing Scale ratio ≥ 1.10, Gross Motor Function Measure gain ≥ 1.5 points, 
Barthel Index gain ≥ 5 points); filled symbols mark instruments on which children improved; the six most common 
combinations are shown. SHM, Rehabilitation Routing Scale; GMFM, Gross Motor Function Measure. 

 
Sensitivity analyses 
The near-zero correlation of Routing Scale 

change with Gross Motor Function Measure change 
was similar in children with cerebral palsy (0.09; 95% 

confidence interval -0.11 to 0.28; 113 children), in other 
diagnoses (-0.02; -0.21 to 0.17; 95 children), after 
excluding repeat admissions (0.01; -0.18 to 0.18; 119 
children), in the 86 children with all three scales (-0.09; 
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-0.30 to 0.13), and when the two implausible falls were 
retained (0.06; -0.08 to 0.20; 210 children) (Figure 6). 
Using the recorded ratio instead of the difference gave 
-0.01 (-0.15 to 0.13). Routing Scale change against 
Barthel Index change varied by age in exploratory 

analysis: it was positive in children aged 0 to 3 years 
(0.27; 0.02 to 0.51; 53 children) and negative at 3 to 7 
years (-0.23; -0.42 to -0.02; 90 children). These two 
intervals do not account for the number of subgroup 
tests and should be read with caution. 

 

 
 
Figure 6. Sensitivity analyses. Spearman correlations of change scores with bootstrap 95% confidence intervals 

across subgroups and alternative analytic choices; n at right. The dashed line marks 0.30, the hypothesized threshold 
for responsiveness. SHM, Rehabilitation Routing Scale; GMFM, Gross Motor Function Measure. 
 
Discussion 

In 318 consecutive admissions to a national 
pediatric rehabilitation center, three instruments 
agreed about how severe children were at admission 
but did not agree about how much they changed. 
Almost every child improved on every scale, yet the 
children who gained most on the Routing Scale were 
not those who gained most on the Gross Motor 
Function Measure or the Barthel Index. The two 
validated instruments, which measure different 
constructs, were weakly related in change; the national 
scale was related to neither. The near-zero correlation 
with Gross Motor Function Measure change held in 
children with and without cerebral palsy, after 
adjustment for admission scores, and across the 
sensitivity analyses. The correlation with Barthel Index 
change was also near zero overall but changed sign 
between children aged 0 to 3 and 3 to 7 years, so this 
finding is less secure. 

Answers to the three questions. First, all three 
instruments showed a large average change over a 24-
day admission (standardized response means 1.42 for 

the Routing Scale, 1.04 for the Gross Motor Function 
Measure and 1.62 for the Barthel Index), but this 
describes the size of change, not whether the 
instruments detect the same change. Second, the 
instruments agreed moderately at admission (0.52 to 
0.69) but not in change: Routing Scale change did not 
reach the hypothesized correlation of 0.30 with either 
validated instrument (0.04 and −0.05), whereas change 
on the two validated instruments correlated weakly 
(0.29). On this test the Routing Scale was not shown to 
detect the same change as the validated instruments. 
Third, classification of improvement depended on the 
definition: with any reduction in score, raw agreement 
was 80% to 87% but kappa was low (0.21 and −0.06) 
because 85% to 96% of children improved; with a ratio 
of at least 1.10, agreement was 54% and 47% (kappa 0.04 
and 0.00), and part of this shortfall reflects a threshold 
that classifies about half of the children as improved. 
Under neither definition did the Routing Scale identify 
the same children as the validated scales. 
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The result has a plain interpretation for 
monitoring. A change in the Routing Scale in this 
setting should not be read as a stand-in for functional 
change on validated instruments, and an effectiveness 
ratio built from it describes something else, or the same 
thing measured with more noise. Several features of the 
data may contribute, though this study cannot separate 
them. The Routing Scale moves in small steps (typically 
0.05 to 0.5 points over the stay), so many children share 
the same change and rank agreement is hard to achieve. 
It is a composite of two clinician ratings and was 
designed for routing between levels of care, not for 
detecting short-term change. Thresholds for 
meaningful change also differ between scales; in one 
pediatric inpatient instrument they ranged from 6 to 15 
points across its scales [25], so a single ratio cut-off such 
as 1.10 may not correspond to a clinically anchored 
threshold. It recorded no decline in any of 306 children, 
whereas the Gross Motor Function Measure fell in 8% 
of children; whether this reflects the course of the 
children, a recording convention or a ceiling in how the 
scale is used cannot be determined from discharge 
summaries. The 1.10 ratio cut-off also sits at the cohort 
median and so classifies about half of the children as 
improved by construction; low agreement for that 
definition therefore partly reflects the threshold, 
whereas the near-zero correlations of change scores do 
not depend on any threshold. Finally, 24 days is short, 
and ratings at discharge may reflect the stage of the 
program rather than function. These explanations are 
hypotheses, not findings. 

Two methodological points deserve attention. 
First, agreement at admission does not necessarily 
mean agreement in change: admission scores were 
correlated at 0.52-0.69, while change scores were near 
zero, which can be achieved or masked by regression to 
the mean [9]. Second, when everyone improves slightly, 
the chance-corrected statistics of the level of agreement 
change differently. Raw agreement and Gwet's 
coefficient were high for the lenient definition of 
improvement while kappa was low, so the choice of 
statistic could lead to opposite conclusions; we report 
all of them and rely on the correlation and tertile results, 
which are not distorted by prevalence [21,22]. 

The results have implications for services that 
rely on the routine national indicators for reporting 
effectiveness. Reports should include the name of the 

instrument used, definition of the improvement, and at 
least one validated measure, if possible. As indicated by 
our data, validated tools are used selectively: the Gross 
Motor Function Measure was requested primarily for 
children with cerebral palsy and motor impairments 
related to this condition, while the Barthel Index was 
only filled out for children under 7. The effectiveness 
analysis using any of the instruments that is available 
will describe different children, and the comparison 
between one dataset, among all the different 
instruments used, will be misleading. 

Strengths and limitations 
Strengths include consecutive admissions, a 

standard program and length of stay, three instruments 
in the same records, analyses at several levels of 
agreement and a full set of sensitivity analyses. The 
limitations are material. The study is from one center 
over two months and is retrospective, and scores were 
extracted from discharge summaries. Only 86 children 
had all three instruments, and subgroup estimates are 
imprecise. There was no test-retest or inter-rater data, 
so a lack of correlation may partly reflect measurement 
error, which cannot be separated from true lack of 
agreement here. There was no external anchor of 
clinically important change, so we could not estimate 
minimal important change or judge which instrument 
is right; thresholds for the Gross Motor Function 
Measure and the Barthel Index were not derived in this 
cohort, the Barthel Index threshold of 5 points is 
effectively any gain, the Routing Scale ratio threshold of 
1.10 lies at the cohort median, and the version of the 
Gross Motor Function Measure used is not recorded in 
the discharge summaries. The Barthel Index was 
developed for adults and evidence for its use in young 
children is limited [8], so the correlations with it may 
also be affected by its own limitations. A blank score 
was treated as not recorded, and a small share may 
reflect extraction failure; the two extraction streams 
disagreed for up to 18% of overlapping Barthel Index 
discharge values before reconciliation, and residual 
extraction error cannot be excluded. Availability of 
scores was related to diagnosis and age, and we did not 
impute paired outcomes. The analyses were planned 
after a descriptive review of the data. Finally, it is not 
known whether assessors were blinded to admission 
scores. 

Conclusion 
In this single-center cohort the national 

Rehabilitation Routing Scale tracked baseline severity, 
but its change was not related to change on the Gross 
Motor Function Measure or the Barthel Index, whereas 
the two validated instruments were weakly related to 

each other. In answer to the three questions, all three 
instruments showed large average change over the 
admission; the Routing Scale agreed with the validated 
instruments on severity at admission but did not reach 
the hypothesized correlation of 0.30 in change, so its 
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responsiveness against them was not shown; and it 
classified different children as improved under both of 
its definitions. Effectiveness indicators based on the 
national scale should not be treated as interchangeable 
with validated measures until their responsiveness and 
reliability in children are examined directly. Future 

work should add test-retest and inter-rater data, an 
external anchor such as parent-reported or goal-based 
change, and a longer follow-up, and should repeat the 
comparison in other centers where all three instruments 
are recorded for the same children. 
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