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Background. Serial joint range-of-motion (ROM) measurements are an important
component of assessments for children with cerebral palsy. Most research has studied
ROM stability using group data. Examination of longitudinal intraindividual measures
may provide more clinically relevant information about measurement variability.

Objective. The aim of this study was to examine the stability of intraindividual
longitudinal measurements of hip abduction (ABD), popliteal angle (POP), and ankle
dorsiflexion (ADF) ROM measures of children with cerebral palsy.

Design. Secondary data analyses were performed.

Methods. The stability patterns of individual serial measurements of ABD, POP,
and ADF from 85 children (mean age�3.8 years, SD�1.4) collected at baseline (T1),
3 months (T2), 6 months (T3), and 9 months (T4) were examined using T1 as the
anchor and bandwidths of �15 degrees (ABD and POP) and �10 degrees (ADF) as
acceptable variability. Frequencies of stability categories (0°–5°, 5.1°–10°, 10.1°–15°,
and �15°) were calculated. Patterns of stability across the 4 time periods also were
examined. Group means (T1–T4) were compared using repeated-measures analysis of
variance.

Results. No significant differences in group means were found except for ABD.
Stability patterns revealed that 43.3% to 69.5% of joint measurements were stable
with T1 measurements across all 3 subsequent measurements. Stability category
frequencies showed that many measurements (ABD�17%, POP�29.9%, and ADF�
37.1%) went outside the variability bandwidths even though 39% or more of joint
measurements had a change of 5 degrees or less over time.

Limitations. Measurement error and true measurement variability cannot be
disentangled. The results cannot be extrapolated to other joint ROMs.

Conclusions. Individual ROM serial measurement exhibits more variability than
group data. Range-of-motion data must be interpreted with caution clinically and
efforts made to ensure standardization of data collection methods.
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Loss of joint range of motion
(ROM) is a major concern in the
long-term management of chil-

dren with cerebral palsy (CP).1,2 It is
a prevalent secondary complication
of the abnormal muscle tone and
prolonged static positioning often
associated with CP.3 Thus, monitor-
ing of ROM of both the upper and
lower extremities is an important
component of assessment and
follow-up over the life span. In the
lower extremities, hip abduction
(ABD), popliteal angle (POP), and
ankle dorsiflexion (ADF) measure-
ments are commonly assessed because
these movements are often limited
in children with CP and decreased
ROM in these movements can
directly affect their functional abili-
ties. Many children with CP have
surgical intervention to maintain
joint mobility and optimize daily
functioning.4 Physicians and thera-
pists monitor these 3 joint ROMs
longitudinally and use significant loss
of ROM as an important factor when
considering referral for an orthope-
dic consultation.

Goniometry is the most common
clinical procedure for measuring
ROM with children with CP. The
precision of goniometric measure-
ments with this population has been
studied extensively, but different
samples, methods, and analyses
make it difficult to identify common
conclusions.5 Agreement exists that
intrarater, intrasession measure-
ments are most reliable6,7 and that
precision of measurement decreases
when measurements are done by
different raters or at different ses-
sions.6,8–12 These research findings
raise important questions about how
ROM is monitored clinically because
the ROM of a child with CP often
is monitored over time by different
physical therapists and physicians.

The authors of many ROM studies
report results as intraclass correla-
tion coefficients. Although this met-

ric provides important information
regarding the relationship between
measurements and the magnitude of
variability, clinicians are more inter-
ested in obtaining information about
the measurement error in the metric
of degrees because it is more clini-
cally relevant. Evaluations of the reli-
ability of ABD, POP, and ADF mea-
surements over time have shown
measurement errors ranging from
5,13 7,11,14 and 106 degrees to 15,6

18,12 and 2812 degrees. The measure-
ment error bandwidths for both
the studies by Kilgour et al11 and
Allington et al13 increase to 18 to
28 degrees when the 95% confi-
dence intervals are considered. For
all of these studies, group data were
reported. Except for Harris and col-
leagues’10 single-subject design eval-
uation of serial shoulder measure-
ments of a child with spastic
quadriplegia (reporting intersession
measurement variability of �10°–
15°), evaluation of the stability of
individual child ROM measurements
over time has not been reported.
Intraindividual variability is impor-
tant because reliability of ROM mea-
sures may vary due to factors within
the child such as severity of involve-
ment and emotional state. Group
data, especially when assessed with
correlational analyses, may mask the
absolute value of intraindividual vari-
ability of ROM measurements.

The purpose of this study was to
examine the stability of intraindi-
vidual longitudinal measurements of
ABD, POP, and ADF ROM in children
with CP.

Method
Participants
Data from a subsample of children
who participated in the Focus on
Function (FonF) study, a randomized
controlled cluster clinical trial of 2
rehabilitation intervention strategies
for children with CP,15 were used for
secondary data analyses. In the FonF
study, 7 trained assessors measured

the children’s ABD, POP, and ADF
joint ROMs (in degrees) at baseline
(T1), 3 months after intervention
started (mid-intervention) (T2), 6
months (end of intervention) (T3),
and 9 months (3 months postinter-
vention) (T4) using a standardized
protocol (Appendix). Each assessor
saw the same children in their
homes at the 4 assessment times.
Each assessor received a half-day of
training in the study ROM protocol,
and updates in procedure were sent
to the assessors, but ongoing inter-
rater or intrarater reliability checks
were not done. In the FonF study,
treating therapists continued passive
stretching programs (as deemed
appropriate by the therapist) in one
intervention group, whereas passive
stretching by therapists was not
allowed in the other group.15 Chil-
dren in both groups received ther-
apy, on average, weekly—a higher
frequency than typically provided in
rehabilitation centers in Canada.

The results from the FonF study15

revealed no difference in mean ROM
changes between the 2 intervention
groups over the 4 assessment peri-
ods, allowing merging of the data
from the 2 groups for these analyses.
The sample of the original study was
126 children. These secondary anal-
yses included 85 children (54 male,
31 female) with complete ROM
information for the 3 joint measures
across all 4 assessments on at least
one side; 6 children had complete
data for only one side, for a total of
164 measurements for each of the
3 joints measured. The mean age of
the sample was 3.8 years (SD�1.4,
range�1.0–6.1). The children’s
functional sitting and mobility status
was classified using the Gross
Motor Function Classification System
(GMFCS)16; in this classification
system, level V indicates the most
restricted mobility skills. The chil-
dren in this study represented a
range of GMFCS abilities: level I
(n�22), level II (n�12), level III (n�
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14), level IV (n�17), and level V
(n�20). The mean age and GMFCS
level and sex distributions of the
children excluded from this analysis
did not differ significantly from those
who were included.

Procedure
We identified “variability bands” rep-
resenting the amount of measure-
ment variability defined as “stable”
or within the expected measure-
ment error for ABD, POP, and ADF

joint ROMs. The width of these
variability bands was determined
by evaluation of variability of serial
ROM measurements (in degrees)
reported in the literature6,11–14 and
consensus among 3 of the authors
(J.D., L.W., and J.W.G.), with 20, 8,
and 14 years of pediatric clinical
experience, respectively, about the
magnitude of ROM decrease for each
joint measurement that might raise
concern clinically. We also consid-
ered the criteria developed for the

FonF study regarding ROM monitor-
ing. For these secondary analyses,
the bandwidth of stability measure-
ments for ABD and POP was set at
�15 degrees, and the stability band
for ankle dorsiflexion was identified
as �10 degrees. These bandwidths
represent a large margin of degree
change before a measurement would
be classified as “unstable” and most
likely represent a larger range of
measurement variability than most
clinical criteria used by therapists
and physicians to determine true
change in ROM.

The baseline measurement (T1) was
the “anchor point” to determine lon-
gitudinal stability of the 4 measures,
and the variability bands for each
child were calculated using the value
of this first measurement. The abso-
lute difference in measurement of
the other 3 measures compared with
this anchor measure was used to
determine whether the measure-
ments were stable (within the vari-
ability band) or unstable (outside the
variability band) between a series
of 2 measures (T1 to T2, T1 to T3,
and T1 to T4). Graphs of each child’s
measurement history for each joint
provided a visual picture of the mea-
surement stability pattern for each
child. The Figure provides examples
of different patterns of stability for
different joints from 3 different
children.

Data Analysis
Repeated-measures analysis of vari-
ance (ANOVA) was used to compare
group mean ROM values for each
joint over the 4 assessment times.
The Shapiro-Wilks test for normality
was conducted, and the data for
some of the joints were not normally
distributed. However, the ANOVA
is particularly robust to violations
of assumption of normality. The
Mauchly test of sphericity was con-
ducted on the data, and the Huynh-
Feldt correction for degrees of free-

Figure.
Examples of stability patterns. Data from 3 different children. ROM�range of motion,
T1�time 1, T3�time 3.
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dom was used when the assumption
of sphericity was violated.

To examine intraindividual longitudi-
nal stability, absolute change in val-
ues from T1 to T2, T1 to T3, and T1
to T4 were calculated for each child.
Using the variability bandwidths and
T1 as the anchor, the stability pat-
tern of each child was examined.
Frequencies of absolute change
groupings (0°–5°, �5°–10°, �10°–
15°, �15°–20°, and �20°) were cal-
culated, and the frequencies of each
stability pattern for each joint were
calculated.

All analyses were completed first on
the total sample (164 joints) and
then divided into 2 categories based
on GMFCS levels (levels I–III and
IV–V) to examine the influence of
functional mobility on ROM longitu-
dinal stability patterns. These 2 func-
tional mobility categories also were
used in the FonF study.

Role of the Funding Source
The National Institutes of Health
(grant R01HD044444) and the

Alberta Centre for Child, Family and
Community Research funded the
FonF study.

Results
The group analyses suggested very
little variation over time of the
means and standard deviations for
each of the 3 joint ROMs examined
(Tab. 1). Only the repeated-measures
ANOVA for ABD demonstrated a sta-
tistically significant difference in
mean ROM over the 4 assessment
times; this significant difference was
present for the total group (n�164
joints) and the GMFCS level I–III
subgroup (n�92 joints). The mean
ABD values increased at T4 (3
months postintervention) rather
than decreased. Overall, the results
of the group analyses suggest stabil-
ity of measurement over time.

Table 2 shows the frequencies of dif-
ferent measurement change catego-
ries; for each joint, at least 39% of
joint measurements had a change of
5 degrees or less over time, but many
paired measurements (eg, ABD�17%,
POP�29.9%, and ADF�37.1%) went

outside the designated variability
bandwidths for each joint. The fre-
quency tables of patterns of stability
(Tab. 3) indicate that 43.3% to 69.5%
of individual joint measurements
for the total sample were stable with
the T1 measure across all subsequent
assessment times. The remainder of
joint measurement patterns had at
least one measurement that
exceeded the limit of the variability
bandwidths. The ADF measurements
for children in the GMFCS level IV–V
subgroup demonstrated the least
amount of stability; 64% had at least
one measurement outside of the vari-
ability bandwidth. The “no stability
with T1” stability category in Table 3
could have been due to the fact that
the T1 measurement was the outlier
and the other 3 measurements were
stable with each other. Further inves-
tigation revealed that this was indeed
the case for 2/4 (50%) ABD measure-
ments, 9/14 (64%) POP measure-
ments, and 16/19 (84%) ADF mea-
surements in the “no stability with
T1” category. For all categories,
there was no systematic decrease in
ROM for any of the 3 joints; often the

Table 1.
Comparison of Group Range-of-Motion Values (in Degrees) for Each Joint Over the 4 Assessment Timesa

Measurement
T1

X (SD) [95% CI]
T2

X (SD) [95% CI]
T3

X (SD) [95% CI]
T4

X (SD) [95% CI] Results

Repeated-measures ANOVA (n�164 measurements of each joint)

Hip abduction 37.2 (14.3) [35.0–39.4] 37.8 (13.8) [35.7–40.0] 38.5 (13.7) [36.4–40.7] 40.3 (12.2) [38.4–42.2] F3,489�5.2, P�.002b

Popliteal angle 25.9 (18.2) [23.1–28.7] 24.5 (16.6) [22.0–27.1] 23.2 (18.0) [20.4–26.0] 25.6 (19.1) [22.7–29.0] F2.8,457.3�2.4,c P�.073

Ankle dorsiflexion 14.3 (16.8) [11.7–16.9] 15.1 (15.6) [12.7–17.5] 13.2 (15.8) [10.7–15.6] 13.2 (15.8) [10.8–15.7] F2.8,454.7�2.3,c P�.086

Repeated-measures ANOVA for children in GMFCS levels I–III (n�92 measurements for each joint)

Hip abduction 41.3 (11.0) [39.0–43.6] 40.9 (10.7) [38.7–43.1] 41.9 (11.6) [39.5–44.3] 45.5 (9.6) [43.5–47.5] F3,273�7.0, P�.002d

Popliteal angle 22.4 (15.6) [19.1–25.7] 22.3 (14.4) [19.3–25.3] 21.3 (15.3) [18.1–24.5] 24.0 (17.5) [20.4–27.6] F2.8,253.4�1.3,c P�.288

Ankle dorsiflexion 13.7 (13.6) [10.8–16.5] 13.9 (12.7) [11.3–16.5] 12.3 (11.9) [9.8–14.7] 12.1 (11.5) [9.7–14.5] F2.8,454.7�2.3,c P�.086

Repeated-measures ANOVA for children in GMFCS levels IV–V (n�72 measurements for each joint)

Hip abduction 32.0 (16.2) [28.2–35.8] 33.9 (16.3) [30.1–37.7] 34.2 (14.9) [30.74–37.7] 33.7 (12.1) [30.9–36.6] F3,213�1.3, P�.275

Popliteal angle 30.3 (20.3) [25.6–35.1] 27.3 (18.9) [22.9–31.7] 25.6 (20.7) [20.8–30.5] 27.7 (20.9) [22.8–32.6] F2.4,168.6�2.3,c P�.099

Ankle dorsiflexion 15.2 (20.2) [10.5–20.0] 16.6 (18.7) [12.2–21.0] 14.33 (19.8) [9.7–19.0] 14.7 (20.0) [10.0–19.4] F2.8,197.7�0.9,c P�.435

a ANOVA�analysis of variance, GMFCS�Gross Motor Function Classification System, T1�time 1, T2�time 2, T3�time 3, and T4�time 4.
b Pair-wise comparisons indicated statistically significant differences between T1 and T4 and between T2 and T4.
c Assumption of sphericity was violated as determined by the Mauchly test of sphericity. Degrees of freedom were adjusted using the Huynh-Feldt
correction.
d Pair-wise comparisons indicated statistically significant differences between T1 and T4, T2 and T4, and T3 and T4.
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instability was caused by an increase
rather than a decrease in ROM.

Discussion
The results suggest that intraindi-
vidual variability of serial measure-
ments of ABD, POP, and ADF is
masked when participants’ group
data are used for analysis. Although
the large standard deviations of the
group data suggest variability, the
group means for each joint ROM
over time were very consistent
across all assessments. The repeated-
measures ANOVAs revealed a statis-
tically significant change (increase)
only for ABD measurements. The
results of the longitudinal intraindi-
vidual analyses are more challenging
to interpret. It is reassuring that, in
most instances, 40% or more of
measurements for all 3 joints were
within a 5-degree margin of the T1
measurement at the subsequent 3

assessments (Tab. 2). In the same
manner, T2, T3, and T4 measure-
ments for the total sample were
within the variability bands for more
than 50% of the joint measurements
of ABD and POP and 43.3% of the
measurements of ADF.

Is a rate of stability of approximately
50% good or bad news? From a clin-
ical perspective, the results suggest
that clinicians should be cautious
when measuring and interpreting
serial ROM measurements. Two
characteristics of the study warrant
this caution. First, the wide variabil-
ity bands used to define stability
were probably larger in magnitude
than those that therapists use clini-
cally as indicators of change in ROM
measurements. Therapists often
become concerned when ADF mea-
surements decrease by less than 10
degrees and ABD and POP measure-

ments decrease by less than 15
degrees. The significance of the mag-
nitude of an absolute change in a
joint measurement cannot be deter-
mined without also considering the
initial ROM value. For example, if a
child’s hip abduction ROM is initially
45 degrees and decreases to 30
degrees, it is less concerning clini-
cally than if a child has initial hip
abduction ROM of 20 degrees and it
decreases to 10 degrees. The medi-
cal (eg, hip subluxation), functional
(eg, mobility restrictions), and care-
giving (eg, dressing and perinatal
care) implications associated with
the second example result in more
clinical concern than the ROM
changes in the first example even
though the absolute magnitude of
ROM change is less in the second
situation (10°) versus the first exam-
ple (15°). Both the initial ROM value
and the amount of decrease in ROM
over time need to be considered
when determining when to be con-
cerned about a decrease in ROM val-
ues. Cutoff or critical ROM values of
concern need to be established. Cur-
rently, these types of ROM cutoffs in
children and adolescents are not
standardized. Decrease in joint ROM
is used to identify the need for refer-
ral to an orthopedic surgeon in inter-
nationally adopted hip surveillance
guidelines for children with CP.17

Discussion regarding cutoff values of
concern would be useful clinically.
In the FonF study,15 critical cutoff
values of ROM for each of the 3
joints were identified in consultation
with a pediatric physiatrist, and chil-
dren received individual follow-up if
their measurements fell below the
identified critical level regardless of
the absolute change in their mea-
surements. Clinical decisions cannot
be made by considering only abso-
lute change in magnitude of joint
ROMs.

The second factor to consider when
interpreting the results is that clini-
cally the variation of longitudinal

Table 2.
Frequencies of Absolute Difference Scores Between Baseline (T1) and T2, T3, and T4
(N�164 joints)a

Measure
T1–T2
n (%)

T1–T3
n (%)

T1–T4
n (%)

Hip abduction (error band �15°)

0°–5.0° 74 (45.1) 68 (41.5) 71 (43.3)

5.1°–10° 40 (24.4) 45 (27.4) 40 (24.4)

10.1°–15° 27 (16.5) 29 (17.7) 25 (15.2)

15.1°–20° 10 (6.1) 11 (6.7) 14 (8.5)

�20° 13 (7.9) 11 (6.7) 14 (8.5)

Popliteal angle (error band �15°)

0°–5° 66 (40.2) 68 (41.5) 66 (40.2)

5.1°–10° 44 (26.8) 36 (22.0) 32 (19.5)

10.1°–15° 17 (10.4) 22 (13.4) 17 (10.4)

15.1°–20° 18 (11.0) 15 (9.1) 21 (12.8)

�20° 19 (11.6) 23 (14.0) 28 (17.1)

Dorsiflexion (error band �10°)

0°–5° 84 (51.2) 65 (39.6) 64 (39.0)

5.1°–10° 32 (19.5) 48 (29.3) 39 (23.8)

10.1°–15° 19 (11.6) 29 (17.7) 25 (15.2)

15.1°–20° 17 (10.4) 11 (6.7) 21 (12.8)

�20° 12 (7.3) 11 (6.7) 15 (9.1)

a Shaded areas represent frequencies exceeding the variability band limits. T1�time 1, T2�time 2,
T3�time 3, and T4�time 4.
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intraindividual measurements may
be larger than those obtained from
these analyses. Assessors in the clin-
ical trial attended a 1-day training ses-
sion, used a standardized measure-
ment protocol, and recorded the
average of 2 measurements, and ther-
apists were paired with the same
children throughout the duration of
the study—all criteria assumed to
improve measurement reliability.6,10,13

In physical therapist practice, clini-
cians often do not follow the same
standardized protocol for measuring
joint ROMs, even within an institu-
tion, and different therapists often
measure a child over 3-, 6-, and
9-month assessment intervals.

The term “measurement variability”
has been intentionally used when
presenting the results rather than
“measurement error.” It is not possi-
ble to determine whether the
observed variability in measurement
is measurement error or true change
in joint ROM. The fact that measure-
ments did not systematically increase
or decrease but rather often fluctu-
ated between a decrease and
increase from the T1 value over the
next 3 assessments suggests that the

nature of joint ROM is variable over
time, and a decrease in ROM may not
always represent a fixed decrease in
joint ROM.

For children with CP, spasticity is
often considered to be a major factor
contributing to measurement vari-
ability.6,8,10,12,13 However, Kilgour et
al11 reported similar error of mea-
surement between children with CP
and a control group and discounted
the influence of spasticity. Evalua-
tion of joint measurement variability
in 8 healthy adults also revealed
intersession variability (�10° using
the same rater),18 similar to the mea-
surement variability observed with
children with CP, suggesting that
spasticity may not be the sole culprit
contributing to measurement vari-
ability. The influence of spasticity in
measurement error warrants further
evaluation, but the lack of valid and
reliable clinical measures of muscle
tone in children and adults with
CP19,20 makes this research challeng-
ing. Clinically, the results suggest
that if a decrease in ROM is sus-
pected, it should be measured more
than once by the same physical ther-
apist using a standardized protocol.

Environmental factors also need to
be considered when considering
measurement variability. In the orig-
inal study,15 therapists assessed the
children in their homes. This loca-
tion could be considered ideal
because it is assumed that children
would be more comfortable and
relaxed in their own homes and that
there would be consistency over
time in the home environment. Inter-
estingly, some assessors commented
in their study notes that the home
environment had a negative effect
on assessment procedures; they
mentioned the activity of siblings
and television background noise as
distractions for the children. They
also noted that the lack of a plinth or
high mat made it more difficult to
ensure optimal and consistent start-
ing and end positions for measure-
ment. On the other hand, children
are often more anxious in a clinical
setting, and this factor also may have
influenced the stability of measure-
ments. Correct positioning7 and cor-
rect end-range joint positioning11

have been identified as important for
measuring POP joint ROM and may
apply to other joint ROMs.

Table 3.
Frequencies of Stability Patterns of Joint Measurements for Total Group and by Gross Motor Function Classification System
(GMFCS) Categoriesa

Stability Pattern

Hip Abduction Popliteal Angle Ankle Dorsiflexion

Total
Group
n (%)

GMFCS
Levels I–III

n (%)

GMFCS
Levels IV–V

n (%)

Total
Group
n (%)

GMFCS
I–III Levels

n (%)

GMFCS
IV–V Levels

n (%)

Total
Group
n (%)

GMFCS
Levels I–III

n (%)

GMFCS
Levels IV–V

n (%)

T2, T3, and T4 stable
with T1

114 (69.5) 64 (69.6) 50 (69.4) 87 (53.0) 53 (57.6) 34 (47.2) 71 (43.3) 45 (48.9) 26 (36.1)

T3 and T4 stable with T1 12 (7.3) 6 (6.5) 6 (8.3) 14 (8.5) 5 (5.4) 9 (12.5) 14 (8.5) 9 (9.8) 5 (6.9)

T2 and T4 stable with T1 7 (4.3) 5 (5.4) 2 (2.8) 11 (6.7) 8 (8.7) 3 (4.2) 13 (8.2) 1 (1.1) 12 (16.7)

T2 and T3 stable with T1 12 (7.3) 7 (7.6) 5 (6.9) 19 (11.6) 10 (10.9) 9 (12.5) 18 (11.0) 12 (13.0) 6 (8.3)

T2 stable with T1 8 (4.9) 4 (4.3) 4 (5.5) 10 (6.1) 3 (3.3) 7 (9.7) 14 (8.5) 7 (7.6) 7 (9.7)

T3 stable with T1 4 (2.4) 1 (1.3) 3 (4.2) 6 (3.6) 4 (4.3) 2 (2.8) 10 (6.1) 4 (4.3) 6 (8.3)

T4 stable with T1 3 (1.8) 3 (3.3) 0 3 (1.8) 3 (3.3) 0 5 (3.0) 3 (3.3) 2 (2.8)

No stability with T1 4 (2.4) 2 (2.2) 2 (2.8) 14 (8.5) 6 (6.5) 8 (11.1) 19 (11.6) 11 (11.9) 8 (11.1)

Total N 164 92 72 164 92 72 164 92 72

a T1�time 1, T2�time 2, T3�time 3, and T4�time 4.
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The relationship established between
the therapist and the child is another
important environmental consider-
ation. One of the main sources of
measurement variability identified
by McDowell et al12 was child-
assessor variability; children had
greater ROM values with different
therapists, and the differences were
not systematic. They attributed the
difference to lack of specific training
of the therapists, but the relationship
established between the child and
therapist also may have influenced
this finding.

Limitations
The use of T1 as the anchor measure-
ment increased the frequency of
instability patterns if the other 3
measurements were outside of the
designated variability band with T1
but within the variability band with
each other. We chose not to con-
sider the data as poor but rather
viewed it as a stability pattern that
was clinically relevant. When design-
ing our analyses approach, we con-
sidered moving the error band at
each assessment time and comparing
adjacent measurements rather than
using T1 as the anchor measure-
ment. However, doing so moved the
variability values each time and cre-
ated a very large window of variabil-
ity over the total time period. We
chose to use T1 as the main compar-
ator because, clinically, decreased
values of ROM over a period of 6
to 12 months are usually considered
worrisome. Another limitation of the
study was that because of small and
unequal sample sizes between the
2 GMFCS classification categories,
only trends can be suggested regard-
ing the effect of mobility restrictions
on the stability of ROM measures
over time. Ongoing reliability evalu-
ations, both interrater and intrarater,
were not conducted. It was challeng-
ing to have interrater reliability eval-
uations with therapists situated
across the country. Intrarater mea-
surement variability also was chal-

lenging because it would have meant
another visit to the child’s home.
The training and the standardization
of measurement protocol used in
the FonF study were rigorous to min-
imize measurement error. Individual
child ROM measurements that were
clinically concerning were followed
up with each child’s therapist. The
results presented cannot be inter-
polated to measures of other joint
ROMs.

Clinical Implications/Future
Directions
In addition to consideration of
measurement error, identification of
“critical values” of ROM for each
joint is needed to assist in the inter-
pretation of changing ROM values
and the intervention needed. Discus-
sion and consensus among clinicians
regarding the identification of criti-
cal values could lead to the develop-
ment of clinical guidelines regarding
the interpretation of serial ROM
measurements with children with
CP. Therapists would have a signifi-
cant role to play in the identification
of critical values, especially in iden-
tifying the ROM requirements of
essential functional activities such
as a child’s ability to move to a sitting
or standing position independently
or to toilet independently. Range-of-
motion requirements also could be
identified for activities that might
affect a child’s participation in the
community, such as riding a bicycle.
Instead of considering “typical” or
“full” ROM values, therapists could
start to consider “functional” ROM
values for specific activities.

Based on our study, serial ROM data
in children with CP need to be inter-
preted with caution. The evaluation
of longitudinal intraindividual data
revealed a larger magnitude of vari-
ability than group data results even
when measurement was standard-
ized and the same rater assessed the
children over time. These results
make it challenging for clinicians to

interpret the significance of changes
in ROM with children with CP.
Other researchers8,10 have discussed
this dilemma and cautioned against
making clinical decisions based pri-
marily on ROM changes. Previous lit-
erature has stressed the importance
of standardized measurement proto-
cols, using the same assessor over
time, blinding the assessor to previ-
ous measurements, and paying atten-
tion to environmental influences,
but these practical suggestions do
not appear to be routinely integrated
into clinical measurement protocols.
Clinically, it often is not possible for
the same therapist to measure ROM
over time, but the literature is clear
that this limitation decreases mea-
surement variability considerably.
In large rehabilitation centers, the
introduction of a “measurement
therapist” role could be a viable solu-
tion. This therapist would be respon-
sible for the measurement of most
children’s ROM over time, using a
standardized protocol. Even then,
our results suggest that variability in
goniometric measurements will per-
sist. Given the variability of intrain-
dividual measurements, ROM data
cannot be the sole indicator of suc-
cess of procedures such as botuli-
num toxin injections, serial casting,
and surgical interventions, nor can a
decrease in ROM be the only reason
to justify such procedures. The func-
tional abilities of a child and families’
goals and concerns need to be con-
sidered when making such clinical
decisions.
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Appendix.
Focus on Function Study Range-of-Motion Guidelines for Assessorsa

You will measure hip abduction, hip extension, popliteal angle, and ankle dorsiflexion range of motion on four
occasions—baseline, 3 months into the intervention, at the conclusion of the intervention (6 months), and 3 months
post-intervention. The instructions below will help us to ensure standardization both within and across assessors. For
all ranges, take two measurements and record the average. If those two measurements differ by more than 5–10
degrees, repeat the measure a third time and average the two that are closest together. Measure to the closest degree.

Joint Motion Method Reference Points

Hip Abduction Supine position
Knees extended with neutral hip rotation. Bilateral

hip abduction to eliminate pelvic substitutions.
Note that the nonmeasured hip does not have to
be in full abduction.

Position yourself between child’s legs

• Align one arm of goniometer across the ASISs
• The other arm follows the bisection of the femur
• Consider the neutral position of the hip as the

starting point minus 0 degrees (the 2 arms of the
goniometer will be at a 90° angle)

• Approximate measurement range should be 0°
(very tight) to 60° (flexible)

Hip Extension Supine position
The opposite hip is flexed only to the point where

the lumbar spine is flattened onto the mat, not
full flexion

0 degrees extension is maximum hip extension
needed. You may not be able to position a child
on an elevated surface in the home.

• Align one arm along trunk parallel to surface (ASIS
and PSIS are in line)

• Axis of goniometer is proximal to the greater
trochanter. Other arm follows bisection of femur.

Popliteal Angle Supine position
Angle is measured from vertical
Flex hip to 90 degrees
Ensure pelvis is neutral by allowing some flexion of

opposite hip, if necessary
Extend knee of tested leg maximally

• Axis of goniometer on knee joint
• One arm on lateral bisection of femur
• Other arm in line with lateral malleolus
• Refer to Figure 24 in the Spinal Alignment and

Range of Motion Measure manualb to visualize
angle (from vertical)

• Record degrees as positive
• Typical range is 0°–60°

Ankle Dorsiflexion Supine position
Subtalar joint must be neutral, not inverted
Measure ankle joint, not mid-tarsal joint motion
Flex the leg at the hip and knee. Obtain maximal

dorsiflexion with knee flexed. Extend the knee
fully and measure available motion of ankle
dorsiflexion.

• Head of fibula
• Base of calcaneus
• Consider the neutral position of the ankle (foot and

lower leg at 90°) as the starting position (0°)
• �0 degrees (90°) record as positive, less than 0

degrees (90°) record as negative number
• Only record ankle dorsiflexion with knee extension

a ASIS�anterior superior iliac spine, PSIS�posterior superior iliac spine. The appendix may not be used or reproduced without written permission from the
authors.
b The manual is available on the CanChild website: http://www.canchild.ca/en/measures/saromm.asp.
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