Improved Scaling of the Gross Motor
Function Measure for Children With
Cerebral Palsy: Evidence of
Reliability and Validity

Research Report

Background and Purpose. This study examined the reliability, validity,
and responsiveness to change of measurements obtained with a
66-item version of the Gross Motor Function Measure (GMFM-66)
developed using Rasch analysis. Subjects and Methods. The validity of
measurements obtained with the GMFM-66 was assessed by examining
the hierarchy of items and the GMFM-66 scores for different groups of
children from a stratified random community-based sample of 537
children with cerebral palsy (CP). A subset of 228 children who had
been reassessed at 12 months was used to test the hypothesis that
children who are young (<5 years of age) and have “mild” CP will
demonstrate greater change in GMFM-66 scores than children who are
older (=5 years of age) and whose CP is more severe. Data from an
additional 19 children with CP who were assessed twice, one week
apart, were used to examine test-retest reliability. Results. The overall
changes in GMFM-66 scores over 12 months and a time X severity X
age interaction supported our hypotheses. Testretest reliability was
high (intraclass correlation coefficient=.99). Conclusion and Discus-
sion. This study demonstrated that the GMFM-66 has good psychomet-
ric properties. By providing a hierarchical structure and interval
scaling, the GMFM-66 can provide a better understanding of motor
development for children with CP than the 88 item GMFM and can
improve the scoring and interpretation of data obtained with the
GMFM. [Russell DJ, Avery LM, Rosenbaum PL, et al. Improved scaling
of the Gross Motor Function Measure for children with cerebral palsy:
evidence of reliability and validity. Phys Ther. 2000;80:873-885.]
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he Gross Motor Function Measure (GMFM) is a

criterion-referenced observational measure that

was developed and validated to assess children

with cerebral palsy (CP).! The original GMFM
was modified in 1990 based on feedback from the
clinicians involved in the validation study. Three items
were added to the original 85-item measure in an effort
to allow the skills tested by those items to be assessed
bilaterally. Prior to re-establishing the reliability of the
GMFM measurements with the 3 items added, adminis-
tration and scoring guidelines were developed. The
reliability of scores obtained with the 88-item GMFM was
established with the revised guidelines using videotaped
examples, and this reliability was sufficiently high to
permit the revised guidelines to replace the original
guidelines (intraclass correlation coefficient [ICC]=.90).2
Further evidence of the reliability of measurements
obtained with the 88-item GMFM has been established
by several investigators for its use with children with
CP3-% and for children with Down syndrome.®

The 88 items of the GMFM are measured by observation
of the child and scored on a 4-point ordinal scale
(0=does not initiate, 1=initiates <10% of activity,
2=partially completes 10% to <100% of activity,
3=completes activity). The items are weighted equally
and grouped into 5 dimensions: (1) lying and rolling (17
items), (2) sitting (20 items), (3) crawling and kneeling
(14 items), (4) standing (13 items), and (5) walking,
running, jumping (24 items). By the age of 5 years,

children without motor delays can generally accomplish
all of the items of the GMFM.! Scores for each dimen-
sion are expressed as a percentage of the maximum
score for that dimension. The total score is obtained by
averaging the percentage scores across the 5 dimensions.
The original intent of the GMFM developers was to have
one measure that could be used for children across a
spectrum of ability levels in order to make it possible for
children with different gross motor abilities to enter
clinical trials and be assessed with the same measure-
ment tool.2 In addition, the measure needed to be useful
for tracking individual children over time. Although
items tend to increase in difficulty within a dimension,
their ordering was based on clinical judgment and the
literature, and the order had not been substantiated with
data-based evidence. Items were grouped into dimen-
sions primarily for ease of administration.

Evidence of construct validity of the measure’s capacity
to detect change in motor function over time was
supported by several analyses of the scores of children
who were administered the GMFM twice by the same
therapist over a 5- to 7-month interval.! For children with
CP, change scores on the GMFM were correlated with
parents’ judgments of change (r=.54), the child’s treat-
ing therapist’s judgment of change (r=.65), and ratings
of change made by therapists who were familiar with the
GMFM but unfamiliar with the children by viewing pairs
of videotapes, which were in random order (r=.82). As
hypothesized in the original validation study,! the
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change in GMFM scores was greatest in children recov-
ering from acute head injury, less in preschool-aged
children without motor delays, and least in children with
CP. For the children with CP, the amount of change in
GMFM scores was related to their age and severity of
motor disability. The GMFM scores of children who were
young (<<3 years of age) and had “mild” CP changed
more than the scores of children who were older (>6
years of age) and had “severe” CP. Furthermore, chil-
dren who were judged by both their parents and thera-
pists not to have changed did not demonstrate a change
in GMFM scores, whereas children who were judged by
both their parents and therapists to have changed dem-
onstrated an increase in GMFM scores.

Bjornson and colleagues” replicated the original GMFM
validation study with children with spastic diplegia and
quadriplegia and provided support for the construct
validity of measurements of change in motor function
obtained with the GMFM over 12- and 24-month periods.
The responsiveness of the GMFM for infants under the
age of 24 months with CP and motor delay has also been
established.® Researchers have used the GMFM with
children with CP to assess the effectiveness of rhizoto-
my,°~11 intrathecal baclofen,!?!3 physical therapy,!*!15
horseback riding,'¢ therapeutic electrical stimulation,'”
orthoses,!'®19 strength training,?°2! and muscle tendon
surgery,?? as well as to determine the correlation
between these measurements and measurements of gait
and physical fitness.?3-26

As the GMFM has been used in a variety of clinical and
research situations, its limitations have become more
apparent. Some users of the GMFM have chosen to
administer only those dimensions that are most relevant
to their clients’ current level of functional needs. This
selective use of the GMFM allows fewer items to be
administered and increases the measure’s responsive-
ness to change by eliminating items that are not relevant
to the therapeutic intervention or are unlikely to change
as a result of intervention. However, the evidence for the
reliability and the validity of the dimension scores is
generally not as strong as for the measure as a whole.!

Another limitation has been the interpretation of the
GMFM total score. Children with different skills and
abilities within and between dimensions can receive the
same total score. A further limitation is that scores of
children functioning in the middle of the scale have
greater potential to change than scores of children
whose initial assessment is either very low or very high
because more items are in the middle of the scale than
at the extremes.

In an effort to improve the interpretability and the
clinical usefulness of the GMFM, we applied the Rasch
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model of item analysis to the GMFM.27 Rasch analysis
uses a one-parameter logistic model to derive an equal
interval measure from the raw score.?® Rasch analysis
originated in the areas of education and psychology, and
during the last 5 to 10 years has been used to construct
and validate measures used in rehabilitation.2?-3% There
are several reasons to apply the Rasch scaling to the
GMFM. First, the items can be arranged in order of
relative difficulty (hierarchical structure). Second, it
makes it possible to create interval scales from what are
believed to be ordinal scales, because scores take into
account how much more difficult one item is to accom-
plish than the previous item. Third, Rasch analysis allows
the elimination of items that do not fit the unidimen-
sional construct (ie, misfitting items). The unidimen-
sionality assumption is met when the items of the test
demonstrate that only one ability is being measured (in
our case, gross motor ability). Fourth, Rasch analysis
allows calculation of a total score when not all items are
administered. All of these factors would lead to
improved scoring and interpretation of the GMFM.

Although Rasch scaling has potential advantages, poten-
tial challenges also needed to be considered. These
challenges include the fact that the GMFM is already in
widespread use and a revised measure would require
modification of the manual and training materials. In
addition, because Rasch analysis is used primarily to
create unidimensional measures, it could identify items
for removal that do not fit the model but are considered
clinically relevant. Of major concern was whether the
removal of items would affect the GMFM’s responsive-
ness to change and require new validation of the modi-
fied scale. A computer program would also be necessary
to analyze and interpret scores based on Rasch scaling.

With these considerations in mind, our group applied
the Rasch partial credit model to the GMFM.?7 The
Rasch partial credit model does not make any assump-
tions about the difficulty of each response option, either
within an item or between items. For example, it does
not assume that the difficulty of going from a score of 1
to a score of 2 is the same difficulty as going from a score
of 2 to a score of 3 or that the difficulty of going from a
score of 1 to a score of 2 is the same for different items.
Rasch modeling helped us to identify 66 items from the
original 88-item GMFM that form a unidimensional
hierarchical scale, the GMFM-66. Table 1 lists the origi-
nal 88 GMFM items and indicates which items we
removed for the GMFM-66.

Following modification of the scale, we believed that it
was important to assess the psychometric properties of
the GMFM-66. One of the key concerns in reducing the
number of items in the GMFM was not to lose the
measure’s responsiveness to change over time. We also
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Table 1.

Listing of Gross Motor Function Measure (GMFM) ltems Indicating Items Removed, Mean Difficulty Estimates, and Standard Errors®

Dimension A: Lying & Rolling Difficulty SE Dimension C: Crawling & Kneeling Difficulty SE
1—SUP, HEAD IN MIDLINE: TURNS HEAD WITH EXTREMITIES 45— 4 POINT: CRAWLS RECIPROCALLY FORWARD &' 46.56 0.47
SYMMETRICAL Removed 46— 4 POINT: CRAWLS UP 4 STEPS ON HANDS AND KNEES/FEET  47.32 0.47
2 —SUP: BRINGS HANDS TO MIDLINE, FINGERS ONE WITH THE A7 — 4 POINT: CRAWLS BACKWARDS DOWN 4 STEPS ON HANDS
OTHER 2290 059 AND KNEES/FEET Removed
3 —SUP: LFTS HEAD 45° Removed 48 —SIT ON MAT: ATTAINS HIGH KN USING ARMS, MAINTAINS,
4 —SUP: FIEXES R HIP & KNEE THROUGH FULL RANGE Removed ARMS FREE, 10 SEC 45.44 0.47
5—SUP: FLEXES L HIP AND KNEE THROUGH FULL RANGE Removed 49 —HicH KN: ATTAINS HALF KN ON R KNEE USING ARMS,
6 —SUP: REACHES OUT WITH R ARM, HAND CROSSES MIDLINE MAINTAINS, ARMS FREE, 10 SEC Removed
TOWARD TOY 24.66 0.59 50—HiGH KN: ATTAINS HALF KN ON L KNEE USING ARMS,
7 —SUP: REACHES OUT WITH L ARM, HAND CROSSES MIDLINE MAINTAINS, ARMS FREE, 10 SEC Removed
TOWARD TOY 24.54 0.59 51 —HigH KN: KN WAIKS FORWARD 10 STEPS, ARMS FREE 53.03 0.47
8 —SUP: rolis 10 PR OVER R sIDE Removed
9—SUP: Roits 70 PR Over L SIDE Removed Dimension D: Standing Difficulty SE
10—PR: LFTS HEAD UPRIGHT 17.25 071 52—ON THE FLOOR: PULLS TO STD AT LARGE BENCH 4314 047
11 —PR ON FOREARMS: LIFTS HEAD UPRIGHT, ELBOWS EXT, CHEST 53— STD: MAINTAINS, ARMS FREE, 3 SEC 4697 047
RAISED Removed
54 —STD: HOLDING ON TO LARGE BENCH WITH ONE HAND, LIFTS
12 —PR ON FOREARMS: WEIGHT ON R FOREARM, FULLY EXTENDS R FOOT. 3 SEC 50.68 047
OPPOSITE ARM FORWARD Removed 55 _STD: ’ ) ’
—STD: HOLDING ON TO LARGE BENCH WITH ONE HAND, LIFTS
13 —PR ON FOREARMS: WEIGHT ON L FOREARM, FULLY EXTENDS L FooT, 3 SEC 97 0.47
1 4_(;;??{2{5;}?;8;\/@; R sipe E:mg::j 56 —STD: MAINTAINS, ARMS FREE, 20 SEC 54.56 0.47
1 5—PR: T Removed 57 —STD: urts L FOOT, ARMS FREE, 10 SEC 74.81 0.59
16—PR: PIVOTS TO R 90° USING EXTREMITIES Removed 98—STD: LFTs R FOOT, ARMs FREE, 10 SEC 74.63 0.59
: 5 59 —SIT ON SMALL BENCH: ATTAINS STD WITHOUT USING ARMS ~ 52.09 0.47
17 —PR: pivOTS TO L 90° USING EXTREMITIES Removed
60—HicH KN: ATTAINS STD THROUGH HALF KN ON R KNEE,
Dimension B: Sitting Difficulty SE WITHOUT USING ARMS 61.04  0.53
61 —HicH KN: ATTAINS STD THROUGH HALF KN ON L KNEE,
18 —SUP, HANDS GRASPED BY EXAMINER: PULLS SELF TO SITTING WITHOUT USING ARMS 61.57 0.53
W'TH.HEAD CONTROL 24.31 0.59 62 —STD: LOWERS TO SIT ON FLOOR WITH CONTROL, ARMS FREE 57.39  0.53
19 —SUP: rOLLS TO R SIDE, ATTAINS SITTING Removed 63—STD: ATTAINS SQUAT, ARMS FREE 58.15 053
20—SUP: ROLLS TO L SIDE, ATTAINS SITING Removed 64 —STD: PICKS UP OBJECT FROM FLOOR, ARMS FREE, RETURNS TO
21 —SIT ON MAT, SUPPORTED AT THORAX BY THERAPIST: LIFTS HEAD STAND 55.03 0.47
UPRIGHT, MAINTAINS 3 SEC 13.07 0.88 ' '
22_?('; SELI',:";,T'A/\S:’,:P&TLZD]A& TS*;SRAX BY THERAFIST: UIFTS HEAD 18.13 071 Dimension E: Walking, Running & Jumping Difficulty SE
23 —SIT ON MAT, ARM(S) PROPPING: MAINTAINS, 5 SEC 23.07 0.59 65—STD, 2 HANDS ON LARGE BENCH: CRUISES 5 sTEpsTOR  45.50 0.47
24 —SIT ON MAT: MAINTAINS, ARMS FREE, 3 SEC 30.08 0.53 66—STD, 2 HANDS ON LARGE BENCH: CRUISES 5 sTEPsTO L 45.50 0.47
25—SIT ON MAT WITH SMALL TOY IN FRONT: LEANS FORWARD, 67 —STD, 2 HANDS HELD: WALKS FORWARD 10 STEPS 40.67 0.53
TOUCHES TOY, RE-ERECTS WITHOUT ARM PROPPING 33.84 0.53 68—STD, 1 HAND HELD: WALKS FORWARD 10 STEPS 49.15 0.47
26 —SIT ON MAT: TOUCHES TOY PLACED 45° BEHIND CHILD'S R 69 —STD: WAIKS FORWARD 10 STEPS 55.44 0.53
SIDE, RETURNS TO START 37.67  0.53 70—STD: WALKS FORWARD 10 STEPS, STOPS, TURNS 180°,
27 —SIT ON MAT: TOUCHES TOY PLACED 45° BEHIND CHID'S L RETURNS 57.39 0.53
SIDE, RETURNS TO START 37.08 0.53 71 —STD: WAIKS BACKWARD 10 STEPS 61.27 0.59
28 —R SIDE SIT: MAINTAINS, ARMS FREE, 5 SEC Removed 72 —STD: WAIKS FORWARD 10 STEPS CARRYING A LARGE OBJECT
29 —L SIDE SIT: MAINTAINS, ARMS FREE, 5 SEC Removed WITH 2 HANDS 57.68 0.59
30—SIT ON MAT: LOWERS TO PR WITH CONTROL 38.02 0.53 73 —STD: WAIKS FORWARD 10 CONSECUTIVE STEPS BETWEEN
31 —SIT ON MAT WITH FEET IN FRONT: ATTAINS 4 POINT OVER R PARALLEL LINES, 8" APART 66.16 0.59
SIDE 44.20 0.47 74—STD: WAIKS FORWARD 10 CONSECUTIVE STEPS ON A
32 —SIT ON MAT WITH FEET IN FRONT: ATTAINS 4 POINT OVER L STRAIGHT LINE ¥/2" WIDE 73.04 0.59
SIDE 44.97 0.47 75 —STD: STEPS OVER STICK AT KNEE LEVEL, R FOOT LEADING 67.27 0.59
33 —SIT ON MAT: PIVOTS Q0°, WITHOUT ARMS ASSISTING Removed 76 —STD: STEPS OVER STICK AT KNEE LEVEL, L FOOT LEADING 67.16 0.59
34 —SIT ON BENCH: MAINTAINS, ARMS AND FEET FREE, 10 SEC 36.55 0.53 77 —STD: RUNS 15 FEET, STOPS AND RETURNS 65.10 0.59
35—STD: ATTAINS SIT ON SMALL BENCH 47 .62 0.47 78—STD: KICKS BALL WITH R FooT 59.68 0.59
36 —ON THE FLOOR: ATTAINS SIT ON SMALL BENCH 45.03 0.47 79 —STD: Kicks BALL WITH L FooT 60.15 0.59
37 —ON THE FLOOR: ATTAINS SIT ON LARGE BENCH 47.85 0.47 80—STD: Jumps 12" HIGH, BOTH FEET SIMULTANEOUSLY 74.75 0.59
. . . . . coce 81—STD: JUMPS FORWARD 12", BOTH FEET SIMULTANEOUSLY 69.45 0.59
Dimension C: Crawling & Kneeling Difficulty SE 82—STD oN R FooT: HOPs ON R FOOT 10 TIMES WITHIN A
38 —PR: CREEPS FORWARD 6’ Removed 24" CIRCIE 83.93 0.65
39 —4 POINT: MAINTAINS WEIGHT ON HANDS AND KNEES, 10 83 —STD ON L FooT: HoPs ON L FOOT 10 TIMES WITHIN A 24"
SEC 38.79 0.53 CIRCLE 83.76 0.65
40 —4 POINT: ATTAINS SIT ARMS FREE 43.20 0.47 84 —STD, HOIDING 1 RAIL: WALKS UP 4 STEPS, HOLDING 1 RAIL,
A1 —PR: ATTAINS 4 POINT, WEIGHT ON HANDS AND KNEES 39.43 053 ALTERNATING FEET 6274  0.59
42 —4 POINT: REACHED FORWARD WITH R ARM, HAND ABOVE 85—STD, HOIDING 1 RAIL: WALKS DOWN 4 STEPS, HOLDING 1
SHOULDER LEVEL 44.32 0.47 RAIL, ALTERNATING FEET 66.57 0.59
A3 —4 POINT: REACHED FORWARD WITH L ARM, HAND ABOVE 86—STD: WAIKS UP 4 STEPS, ALTERNATING FEET 72.40 0.59
SHOULDER LEVEL 44.67 0.47 87 —STD: WAIKS DOWN 4 STEPS, ALTERNATING FEET 77.28 0.59
44— 4 POINT: CRAWLS OR HITCHES FORWARD &' 42.44 0.47 88—STD ON 6" STEP: JUMPS OFF, BOTH FEET SIMULTANEOUSLY ~ 70.04 0.59

“SUP=supine, PR=prone, R=right, L=left, SIT=sitting, STD=standing, KN=kneeling, EXT=extended. An item’s difficulty corresponds to the ability required to
receive a score of 3 on that item. “Removed” refers to items that were removed from the original 88-item GMFM by the Rasch analysis and are no longer part of

the GMFM-66 scoring.
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Table 2.

Sample Characteristics by Mean 66-ltem Gross Motor Function Measure (GMFM-66) Score and Age (N=537)

Baseline GMFM-66 Score Age (y) at Baseline
X SD Minimum  Maximum X SD Minimum  Maximum N

Type of cerebral palsy

Spastic 53.93 23.46 0.00 100.00 6.48 2.79 0.95 12.71 411

Dystonic/athetotic 37.35 14.96 17.01 67.75 5.11 2.15 1.67 9.23 32

Ataxic 60.84 11.75 41.79 74.75 6.42 2.88 2.13 10.02 14

Low tone-hypotonic 47.87 23.02 0.00 100.00 6.67 2.52 1.71 10.66 27

Mixed 40.90 21.19 0.00 100.00 6.61 2.73 1.62 11.06 53
Distribution

Leg dominant 62.21 16.04 14.83 100.00 6.41 2.69 0.95 11.74 183

Three-limb dominant 47.80 14.67 22.66 89.70 6.63 2.45 1.81 11.06 53

Four-limb dominant 33.57 17.00 0.00 100.00 6.45 2.80 1.52 12.71 215

Right hemiplegic 75.08 15.81 43.26 100.00 6.09 3.17 1.72 11.57 43

Left hemiplegic 78.62 16.71 34.84 100.00 6.52 2.80 1.59 11.82 42

Missing 1
GMFCS® level

I 78.06 13.29 45.91 100.00 6.52 2.83 1.59 11.82 155

Il 60.92 11.16 34.84 89.70 5.89 2.77 1.69 10.78 70

Il 49.98 7.07 29.31 67.04 6.68 2.83 0.95 11.73 104

% 37.94 7.77 19.72 52.85 6.38 2.63 1.62 11.74 105

\% 20.63 8.66 0.00 46.67 6.45 2.68 1.68 12.71 103
Sex

Male 52.04 23.85 0.00 100.00 6.38 2.84 0.95 12.71 299

Female 51.18 22.38 0.00 100.00 6.49 2.65 1.52 11.82 238

“ GMFCS=Gross Motor Function Classification System.3*

wanted to determine whether the GMFM-66 is stable
over a short period of time, when true change in gross
motor function is not expected to occur. We hypothe-
sized that (1) testretest reliability for the GMFM-66
would not differ from the testretest reliability of data
obtained with the original 88-item GMFM, (2) children
with CP would demonstrate an increase in GMFM-66
scores over 12 months, and (3) children classified as
younger and having “mild” CP would demonstrate a
greater change score on the GMFM-66 over 12 months
compared with children classified as older and having
“severe” CP. The purposes of this article are (1) to report
the psychometric properties of reliability, validity, and
responsiveness to change of data obtained with the
GMFM-66 and (2) to discuss the research and clinical
implications of the GMFM-66 for users of the measure.

Method

Data used for the Rasch analyses came from the cross-
sectional time 1 GMFM assessments of 537 children
stratified by age and severity of motor disability using the
Gross Motor Function Classification System (GMFCS).34
The children were participating in a large longitudinal
study of motor development in children with cerebral
palsy. This group included a subset of 228 children who
had had a second GMFM assessment 12 months later.
Children (N=2,108) were eligible for the longitudinal
study if they had a diagnosis of CP and were on the case
list of 1 of 18 publicly funded children’s treatment

Physical Therapy . Volume 80 . Number 9 . September 2000

centers in the province of Ontario, Canada, as of June 1,
1996. Children were not included in the study if they had
other neuromotor disorders such as spina bifida, neuro-
muscular disease, or musculoskeletal disease or if they
had had a selective dorsal rhizotomy or intrathecal
baclofen prior to recruitment for the study. Information
on the sample characteristics, including sex, age, type
and distribution of CP, and severity of motor disability
(GMFCS level), are listed in Table 2. The characteristics
of the subset of 228 children whose scores were used to
examine the responsiveness of the GMFM-66 are pre-
sented in Table 3.

Reliability

To determine the testretest reliability of the GMFM-66
scores, data were used from 19 children with CP who
were assessed twice, 1 week apart, by the same therapist.
These data were from a previous study of the reliability
of data obtained with the GMFM.® Each child’s
GMFM-88 total scores were computed according to the
GMFM guidelines? and were also computed using the
Gross Motor Ability Estimator (GMAE),% which is soft-
ware that analyzes the interval level scale of the
GMFM-66.

Validity and Responsiveness

Face validity was assessed by examining the hierarchy of
items (Tab. 4) and the GMFM-66 total scores for differ-
ent groups of children to determine whether they made
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Table 3.

Sample Characteristics by Mean Baseline 66-ltem Gross Motor Function Measure (GMFM-66) Score and Age of Children Used in

Responsiveness Analysis (n=228)

Baseline GMFM-66 score Age at Baseline
X SD Minimum Maximum X SD Minimum Maximum N

Type of cerebral palsy

Spastic 54.79 21.74 0.00 100.00 6.45 2.84 1.57 11.82 173

Dystonic/athefotic 39.47 13.78 17.01 60.39 6.04 2.41 2.31 11.02 17

Ataxic 66.99 8.49 54.15 74.75 9.48 0.67 8.71 10.02 5

Low tone-hypotonic 47 .43 18.82 4.12 73.63 7.14 2.33 2.38 10.26 15

Mixed 46.27 22.15 21.25 100.00 7.18 2.76 2.18 10.92 18
Distribution

Leg dominant 61.07 15.42 31.19 100.00 6.84 2.79 1.59 11.12 74

Threelimb dominant 45.93 13.73 22.66 82.99 7.11 2.49 2.62 10.90 30

Four-limb dominant 36.35 15.75 0.00 74.75 6.44 2.76 1.57 11.70 82

Right hemiplegic 74.09 16.54 43.26 96.00 5.64 3.01 1.97 10.52 24

Left hemiplegic 76.33 17.32 35.26 100.00 6.62 2.85 1.75 11.82 18
GMFCSe level

I 76.69 14.05 46.32 100.00 6.17 2.82 1.59 11.82 61

Il 63.49 12.03 37.14 89.70 6.60 2.90 1.69 10.72 35

1l 50.31 7.23 31.78 67.04 6.58 2.86 1.57 11.12 49

% 38.70 6.53 27.31 52.85 6.73 2.74 2.17 11.74 48

\% 23.06 9.28 0.00 46.67 7.12 2.53 2.68 11.02 35
Gender

Male 52.34 22.03 0.00 100.00 6.50 2.78 1.57 11.74 142

Female 53.46 20.38 13.54 100.00 6.73 2.79 1.75 11.82 86

“ GMFCS=Gross Motor Function Classification System.3*

clinical sense (Tab. 2) based on what is known about CP.
We expected that items from the lying and rolling and
the sitting dimensions would be easier for children with
CP to accomplish than items in standing and the walk-
ing, running, and jumping dimensions and would, there-
fore, have lower difficulty estimates. We also expected
that children with hemiplegia would have higher scores,
on average, than children with more limbs involved
(eg, children with diplegia, triplegia, or quadriplegia)
and that mean GMFM-66 scores would vary systematically
by GMFCS level,3* with children in level I (mild disabil-
ity) having the highest GMFM-66 scores.

Construct validity of the responsiveness of GMFM-66
scores was also assessed by testing an a priori hypothesis,
similar to the method used in the construct validation of
the original GMFM,! and centered on the measure’s
ability to respond to change using information about the
natural history of CP.%¢ The criterion for inclusion in the
responsiveness analyses was that children had 2 GMFM
assessments 12 months apart (£1 month). These 228
children were assigned to an expected change category
based on their age (<5 years or =5 years) and severity of
motor disability, as assessed using the GMFCS
(“mild”=levels I and 1II, “moderate”’=level III,
“severe”=levels IV and V).
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Data Analysis

Testretest reliability data were analyzed using an ICC
based on the 1-way analysis of variance (ANOVA) model
1,137 for both the new and the original scoring methods.
To test the difference in reliability between the 2 scoring
methods, 95% confidence limits for the difference in
ICCs were computed.?® To determine whether an effect
of time existed and whether there were interactions of
age and severity, a 3-way repeated measures ANOVA was
calculated with time as the within-subject factor and age
and severity as between-subject factors.

Results

Reliability

Testretest reliability data using the new GMAE scoring
method?® showed that the GMFM-66 has a high level of
stability over time (ICC=.9932) and is only slightly
different from that of the original scoring system using
the 88-item GMFM (ICC=.9944, mean differ-
ence=.0013 [95% confidence interval of —.082 to
.01097]).

Validity

The items of the GMFM-66 in order of difficulty ascer-
tained by Rasch analysis (ie, with an item score of 3) are
presented in Table 4. To remove negative values and be
more clinically interpretable, the linear estimates of
difficulty expressed in logits (log-odds ratios) were trans-
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Table 4.

Hierarchy of Items (From Easy to Difficult) in the 66-ltem Gross Motor Function Measure (GMFM-66) for Children with Cerebral Palsy®

Item Difficulty®
21 —SIT ON MAT, SUPPORTED AT THORAX BY THERAPIST: LIFTS HEAD UPRIGHT, MAINTAINS 3 SEC 15.72
10—PR: LFTS HEAD UPRIGHT 23.25
23 —SIT ON MAT, ARM(S) PROPPING: MAINTAINS, 5 SEC 25.13
22 —SIT ON MAT, SUPPORTED AT THORAX BY THERAPIST: LIFTS HEAD TO MIDLINE, MAINTAINS 10 SEC 25.60
2 —SUP: BRINGS HANDS TO MIDLINE, FINGERS ONE WITH THE OTHER 26.84
7 —SUP: REACHES OUT WITH L ARM, HAND CROSSES MIDLINE TOWARDS TOY 29.72
18 —SUP, HANDS GRASPED BY EXAMINER: PULLS SELF TO SITTING WITH HEAD CONTROL 30.84
6 —SUP: REACHES OUT WITH R ARM, HAND CROSSES MIDLINE TOWARD TOY 31.43
24 —SIT ON MAT: MAINTAINS, ARMS FREE, 3 SEC 32.14
27 —SIT ON MAT: TOUCHES TOY PLACED 45° BEHIND CHILD'S L SIDE, RETURNS TO START 39.49
25 —SIT ON MAT WITH SMALL TOY IN FRONT: LEANS FORWARD, TOUCHES TOY, RE-ERECTS WITHOUT ARM PROPPING 39.67
34 —SIT ON BENCH: MAINTAINS, ARMS AND FEET FREE, 10 SEC 39.91
26 —SIT ON MAT: TOUCHES TOY PLACED 45° BEHIND CHILD’S R SIDE, RETURNS TO START 40.44
39 —4 POINT: MAINTAINS, WEIGHT ON HANDS AND KNEES, 10 SEC 41.20
30—SIT ON MAT: LOWERS TO PR WITH CONTROL 41.38
41 —PR: ATTAINS 4 POINT, WEIGHT ON HANDS AND KNEES 41.49
67 —STD, 2 HANDS HELD: WALLKS FORWARD 10 STEPS 42.26
44 —4 POINT: CRAWLS OR HITCHES FORWARD 6' 43.03
40—4 POINT: ATTAINS SIT ARMS FREE 44.91
52 —ON THE FLOOR: PULLS TO STD AT LARGE BENCH 45.09
31 —SIT ON MAT WITH FEET IN FRONT: ATTAINS 4 POINT OVER R SIDE 45.73
42 —4 POINT: REACHES FORWARD WITH R ARM, HAND ABOVE SHOULDER LEVEL 46.44
32 —SIT ON MAT WITH FEET IN FRONT: ATTAINS 4 POINT OVER L SIDE 46.73
43 —4 POINT: REACHES FORWARD WITH L ARM, HAND ABOVE SHOULDER LEVEL 46.91
66—STD, 2 HANDS ON LARGE BENCH: CRUISES 5 STEPS TO L 47 .62
65 —STD, 2 HANDS ON LARGE BENCH: CRUISES 5 STEPS TO R 47 .68
45 —4 POINT: CRAWLS RECIPROCALLY FORWARD 6' 48.03
A6 —4 POINT: CRAWLS UP FOUR STEPS ON HANDS AND KNEES/FEET 48.38
36 —ON THE FLOOR: ATTAINS SIT ON SMALL BENCH 48.44
35—STD: ATTAINS SIT ON SMALL BENCH 49.03
48 —SIT ON MAT: ATTAINS HIGH KN USING ARMS, MAINTAINS, ARMS FREE, 10 SEC 49.79
68 —STD, 1 HAND HELD: WALKS FORWARD 10 STEPS 51.27
37 —ON THE FLOOR: ATTAINS SIT ON LARGE BENCH 52.80
53 —STD: MAINTAINS, ARMS FREE, 3 SEC 53.97
55 —STD: HOLDING ON TO LARGE BENCH WITH ONE HAND, LIFTS L FOOT, 3 SEC 5574
54 —STD: HOLDING ON TO LARGE BENCH WITH ONE HAND, LIFTS R FOOT, 3 SEC 55.92
69 —STD: WAIKS FORWARD 10 STEPS 55.92
51 —HicH KN: KN wWAIKS FORWARD 10 STEPS, ARMS FREE 56.74
56 —STD: MAINTAINS, ARMS FREE, 20 SEC 57.21
59 —SIT ON SMALL BENCH: ATTAINS STD WITHOUT USING ARMS 57.56
64 —STD: PICKS UP OBJECT FROM FLOOR, ARMS FREE, RETURNS TO STAND 57.62
70—STD: WAIKS FORWARD 10 STEPS, STOPS, TURNS 180°, RETURNS 57.74
72 —STD: WALKS FORWARD 10 STEPS CARRYING A LARGE OBJECT WITH 2 HANDS 57.98
78—STD: KIcKs BALL WITH R FooT 60.04
79 —STD: KICKS BALL WITH L FoOT 60.62
71 —STD: WALKS BACKWARD 10 STEPS 62.45
63 —STD: ATTAINS SQUAT, ARMS FREE 65.27
62 —STD: LOWERS TO SIT ON FLOOR WITH CONTROL, ARMS FREE 65.57
84 —STD, HOWDING 1 RAIL: WALKS UP 4 STEPS, HOLDING 1 RAIL, ALTERNATING FEET 65.98
77 —STD: RUNS 15 FEET, STOPS & RETURNS 67.22
76 —STD: STEPS OVER STICK AT KNEE LEVEL, L FOOT LEADING 69.75
60 —HicH KN: ATTAINS STD THROUGH HALF KN ON R KNEE, WITHOUT USING ARMS 70.22
75—STD: STEPS OVER STICK AT KNEE LEVEL, R FOOT LEADING 70.22
88 —STD ON 6" STEP: JUMPS OFF, BOTH FEET SIMULTANEOUSLY 70.81
73 —STD: WAIKS FORWARD 10 CONSECUTIVE STEPS BETWEEN PARALLEL LINES 8" APART 71.45
61 —HigH KN: ATTAINS STD THROUGH HALF KN ON L KNEE, WITHOUT USING ARMS 71.92
85—STD, HOWDING 1 RAIL: WALKS DOWN 4 STEPS, HOLDING 1 RAIL, ALTERNATING FEET 72.16
81—STD: JuMPS FORWARD 12", BOTH FEET SIMULTANEOUSLY 73.34
86 —STD: WAIKS UP 4 STEPS, ALTERNATING FEET 74.28
74 —STD: WAIKS FORWARD 10 CONSECUTIVE STEPS ON A STRAIGHT LINE 34" WIDE 80.22
87 —STD: WALKS DOWN 4 STEPS, ALTERNATING FEET 81.22
58—STD: UFTS R FOOT, ARMS FREE, 10 SEC 85.23
57 —STD: UFTs L FOOT, ARMS FREE, 10 SEC 86.23
83 —STD oN L FooT: HoPs ON L FOOT 10 TIMES WITHIN A 24" CIRCLE 88.05
80—STD: Jumps 12" HIGH, BOTH FEET SIMULTANEOUSLY 88.11
82 —STD ON R FOOT: HOPS ON R FOOT 10 TIMES WITHIN A 24" CIRCLE 88.52

“SUP=Supine, PR=prone, R=right, L=left, SIT=sitting, STD=standing, KN=kneeling.
"Difﬁculty values correspond to the GMFM-66 score at which a child is likely to have a score of 3 on the item.
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formed to a scale with values ranging from 0 to 100. The
GMFM-66 has difficulty estimates ranging from 15.72 for
the easiest item (item 21: “sits on mat, supported at
thorax by therapist, lifts head upright, maintains 3
seconds”) to 88.52 for the most difficult item (item 82:
“stands on right foot, hops on right foot 10 times within
a 24-inch circle”). The Rasch scale is in logits (log-odds
units), which runs from negative infinity to positive
infinity. A linear transformation was applied to the
ability scale so that the minimum ability was 0 and the
maximum ability was 100.28 In terms of the items on the
GMFM-66, a score of 0 on the ability scale means that a
child has a 100% probability of having a score of 0 on
every item. A score of 100 means that a child has a 100%
probability of having a score of 3 on every item. The item
difficulty scale was transformed using the same linear
transformation. This transformation placed the easiest
item at a difficulty of 15.7 and the most difficult item at
a difficulty of 88.52. An item’s difficulty corresponds to
the ability required for a score of 3 on that item.
Therefore, for a child to be likely (P=.5) to have a score
of 3 on the easiestitem, he or she needs to have an ability
estimate of 15.7.

Table 2 shows the mean GMFM-66 scores or “ability
estimates” for the 537 children included in the Rasch
analysis by age, sex, type and distribution of CP, and
GMEFCS level. The mean ability estimates are similar for
males and females. Children with hemiplegia have the
highest mean ability estimates, and children with 4-limb
involvement have the lowest mean ability estimates.
Children who were classified as having “mild” (ie, level I)
motor impairment using the GMFCS had a mean ability
estimate of 78.06, followed by mean ability estimates of
60.92 for children with level II motor impairment, 49.98
for children with level III motor impairment, 37.94 for
children with level IV motor impairment, and 20.63 for
children with level V motor impairment.

As hypothesized, there was an overall change in mean
GMFM-66 scores for the sample of children assessed at
baseline and at 12 months, from 52.76 to 54.61
(F=116.3; df=1,222; P<.0001). There was also a time X
severity X age interaction (F=12.6; df=2,222; P<.0001).
Figure 1 shows the 3-way interaction plotted as mean
change scores by severity and age category. The means
and standard deviations by group are reported in
Table 5. Figure 1 shows that children under 5 years of
age changed more than children aged 5 years and over.
This change was greater for children whose GMFCS level
was [ or II than for children with other GMFCS levels.
The mean change for children aged 5 years and over was
approximately zero regardless of GMFCS level.
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Figure 1.

Mean change (=1 standard deviation) in the é6-item Gross Motor
Function Measure (GMFM-66) scores by age and severity of motor
disability, as assessed using the Gross Motor Function Classification

System (GMFCS).

Discussion

Our study provides evidence of testretest reliability and
construct validity of the GMFM-66 scores. Evidence of
the responsiveness of the GMFM-66 includes the find-
ings that the mean GMFM-66 scores of the children with
CP changed over 12 months and that the mean change
scores were related to age and severity of motor
disability.

Testretest reliability of the GMFM-66 scores was exam-
ined using data collected on the 88-item GMFM. The
magnitude of the ICCs for the GMFM-88 and for the
GMFM-66 was high. The ICCs may have been different
had only the items of the GMFM-66 been administered;
however, there is no reason to expect that the reliability
estimates would have decreased.

Although we believe that the results support the con-
struct validity of the GMFM-66 scores, the measure
detected less change in the older children regardless of
severity of CP. This finding suggests either that the
GMFM-66 is not as sensitive to changes in motor func-
tion made by children with CP aged 5 years and over as
it is to changes in motor function made by children
under 5 years of age or that a smaller mean change is
happening in children over age 5 years. This pattern of
varying responsiveness for children over 5 years of age is
similar to current findings from the models of motor
growth using the 88-item GMFM.3¢ The emphasis of the
GMFM is on motor abilities associated with gross motor
development that typically are achieved by age b years in
children without motor impairments. For children with
CP over the age of 5 years, especially those who are
unable to walk without assistive mobility devices, change
may be associated with performance of motor functions
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Table 5.

Mean 66-ltem Gross Motor Function Measure (GMFM-66) Baseline and Follow-up Scores by Severity of Motor Disability (Gross Motor Function

Classification System34 [GMFCS] Level) and Age (n=228)

Younger Than 5 Years of Age 5 Years of Age or Older

Baseline 12-mo Follow-up Baseline 12-mo Follow-up
GMFCS X SD X SD N X SD X SD N
Levels T and 2 63.16 13.48 70.16 13.58 39 77.84 12.50 77.72 12.56 57
Level 3 47 .59 6.31 50.94 6.50 16 51.62 7.36 51.82 6.88 33
Levels 4 and 5 31.12 9.64 34.31 10.11 24 32.50 11.54 32.81 11.50 59

at home, at school, in the community, and during social
participation rather than acquisition of basic gross
motor skills. In our view, therefore, measures of disabil-
ity such as the Pediatric Evaluation Disability Inventory??
may be more appropriate for evaluating change in older
children with CP.

The improvements of the GMFM-66 over the GMFM
include (1) the ordering of items according to difficulty,
(2) the interval properties of the scale allowing for
improved interpretability of a total score and of change
scores, and (3) the decrease in administration time. The
difficulty estimates for each item on the GMFM-66
(Tab. 4) provide information that is unique to gross
motor function of children with CP. Items for lying,
rolling, and head control in supported sitting are the
least difficult, whereas items for standing on one foot,
jumping, and hopping are the most difficult. The diffi-
culty estimates for items of sitting, crawling, kneeling,
standing, and walking tend to overlap in the middle of
the scale, indicating that motor abilities in these differ-
ent areas may be developing simultaneously for children
with CP. These findings have implications for determin-
ing outcomes and planning intervention.

Interpretation of a child’s GMFM-66 score should be
enhanced by using the item difficulty map (Fig. 2). The
item map provides a graphic presentation of items
ordered along a continuum of difficulty. As each step
represents a single response option (eg, a score of 1, 2,
or 3 on a GMFM item), there are 198 steps (66 items X
3 response options). Because items are now ordered in
terms of their difficulty, the GMFM-66 clarifies the next
task that a child is likely to accomplish and how difficult
it might be to accomplish this task. For example, if a
child has a GMFM-66 score of 80 and we look at the item
map (Fig. 2), we would be fairly confident that he or she
could accomplish all the items to the left of 80 and
indicated by a black box (as completing the response
option of 3). This includes all items in the lying and
rolling, sitting, and crawling and kneeling categories and
most items in the standing category (with the exception
of items 57 and 58). The items to the right of a GMFM-66
score of 80 are those that the child is unlikely to have
accomplished fully. The child would likely be able to

Physical Therapy . Volume 80 . Number 9 . September 2000

accomplish items 74 and 87 (if not, the child would likely
have a score of 2 on these 2 items, and these would be
the next items that the child will likely complete). Item
maps have been used with the Pediatric Evaluation of
Disability Inventory? and the School Function Assess-
ment? to facilitate clinical interpretation of summary
scores. A further discussion of how item maps are useful
for clinical interpretation of assessment scores can be
found in the article by Coster et al.*® Transferring the
GMFM-66 score onto the item map can help in the
interpretation of assessment scores by presenting both
the child’s gross motor abilities and the difficulty of
items that have not been achieved. The GMAE pro-
gram® provides a measure of error that is useful in
assessing whether an individual’s change score is
significant.

The interval scale for items of the GMFM-66 also has
advantages for interpretation of scores and decision
making. The magnitude of change in GMFM-66 scores
for individual children or groups of children can be
directly compared upon retesting. For example, a child
whose GMFM-66 scores increase over 2 consecutive
6-month intervals from 24 to 29 and from 29 to 39
demonstrates 5-point and 10-point changes, respectively.
The child’s change in GMFM-66 score for the second
6-month interval is twice as much as the change made for
the first interval. The interval scale also enables a direct
comparison of change among children with different
functional abilities. This comparison is particularly
important for program evaluation and clinical research.

Profiles of 2 children with CP illustrate differences
between the original method of scoring the GMFM and
the Rasched interval scale for scoring the GMFM-66
(Fig. 3). John is a 3-year 8-month-old boy with a diagnosis
of CP with dystonic movements and primary involvement
of the legs. He is classified at level I on the GMFCS.
When initially tested, John achieved a GMFM score of 59
and a GMFM-66 score of 54. Upon retesting 6 months
later, John achieved a GMFM score of 77 and a
GMFM-66 score of 65.

Sara is a 3-year 8-month-old child with a diagnosis of CP
(spastic diplegia). She is also classified at level I on the
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ltem map representing the step difficulty estimates for the 66-item Gross Motor Function Measure (GMFM-66).
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Plot of 2 children displaying the same amount of change on the 66-item
Gross Motor Function Measure (GMFM-66) and different amounts of
change on the 88-item Gross Motor Function Measure (GMFM).

GMFCS. When initially tested, Sara achieved a GMFM
score of 89 and a GMFM-66 score of 68. Six months later,
upon retesting, Sara achieved a GMFM score of 90 and a
GMFM-66 score of 80.

Although John demonstrated a change score of 12% and
Sara demonstrated a change score of 1% on the GMFM,
they had similar change scores on the GMFM-66. Sara’s
larger change score on the GMFM-66 is attributable to
the large spacing between certain item difficulties
(Fig. 2). Although Sara did not improve on as many
items as John, the items she accomplished were more
spread out along the difficulty continuum.

The GMFM-66 should take less time to administer with
22 fewer items and the ability of the GMAE program? to
estimate a child’s ability score even when all items have
not been administered. A potential limitation of the
GMFM-66 is the need for a computer program to score
it. A computer program has been designed to convert
the raw scores from either the GMFM-88 or the
GMFM-66 into difficulty estimates.?> It will calculate the
GMAE score based on the 66 items, with a standard
error. There are no longer separate scores for each
dimension. One major difference in the administration
and scoring of the GMFM-66 than the scoring of the
88-item GMFM is the importance of differentiating a
true score of 0 (child is unable to perform) from an item
that was not tested. In the original administration and
scoring guidelines, a score of 0 was assigned for items
that were not administered or that the child did not
perform during the assessment. The new GMFM score

884 . Russell et al

form has been modified to include the response “not
tested.” Although not all 66 items have to be adminis-
tered to calculate a GMAE score, the more items that are
administered, the more accurate the estimate of a child’s
gross motor ability.??

We believe that the GMFM-66 has applications for eval-
uating the effectiveness of interventions. Three stud-
ies,?~!! for example, have been published recently with
conflicting results on the effectiveness of dorsal rhizot-
omy surgery for children with CP. All 3 studies used
common outcome measures, including the GMFM.
From discussions among the 3 groups of investigators,
several hypotheses arose as to why there may have been
differences in the study outcomes, including the possi-
bility that the relative difficulty of items at different
intervals of the GMFM is not reflected in the total score.?
It will be important to determine whether the results of
these studies would be different using the GMFM-66, in
which the change in score is interval and reflects the
difficulty of items, regardless of a child’s initial motor
ability.

Summary and Conclusions

The advantages of the GMFM-66 include: (1) items are
arranged in order of difficulty, (2) the interval proper-
ties of the scale allow for improved interpretability of a
total score and change scores, (3) a decrease in admin-
istration time with 22 fewer items to administer and
score, (4) a computer scoring system that allows calcu-
lation of a child’s total score and the standard error
around an individual’s score and that can estimate a
child’s score if some items are missing, and (5) psycho-
metric properties of reliability, validity, and responsive-
ness. The potential disadvantages of the GMFM-66
include: (1) many items in the lower dimensions have
been removed and the GMFM-66, therefore, may be less
descriptive for children functioning at low ability levels,
(2) the need for the GMAE software in order to score the
GMFM-66, and (3) the need to learn to interpret item
maps. Recognizing that not all service providers have
access to computers for scoring and that service provid-
ers use the GMFM for purposes other than measuring
change (eg, for descriptive purposes), we have main-
tained the original 88 items on the GMFM score sheet.
In this way, service providers have the option of using the
version that best suits their purpose. Because the item
difficulties are calibrated for use with children with CP,
availability of the 88-item GMFM will allow the measure
to continue to be used for clients with diagnoses other
than CP.
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