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Abstract

Purpose: To develop and evaluate an expanded version of the Hammersmith Functional Motor Scale allowing for evaluation of
ambulatory SMA patients.

Procedures: Thirty-eight patients with SMA type II or III were evaluated using the Gross Motor Function Measure and the Ham-
mersmith Functional Motor Scale. Based on statistical and clinical criteria, we selected 13 Gross Motor Function Measure items to
develop an expanded HFMS. The expanded Hammersmith Functional Motor Scale was validated by comparison with the Gross Motor
Function Measure minus the 13 items (GMFM-75) and an assessment of clinical function. The reliability of the expanded Hammersmith
Functional Motor Scale in 36 patients was established.

Findings: The expanded Hammersmith Functional Motor Scale was highly correlated with the GMFM-75 and the clinical function
assessment (p = 0.97, and p = 0.90). The expanded Hammersmith Functional Motor Scale showed excellent test–retest reliability (Inter-
national Coordinating Committee = 0.99).

Conclusions: The expanded Hammersmith Functional Motor Scale allows assessment of high functioning SMA type II and III
patients. Ease of administration and correlation with established motor function measures justify use in future SMA clinical trials.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Spinal Muscular Atrophy (SMA) is one of the most dev-
astating neurological diseases of childhood. Affected
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infants and children suffer from progressive muscle weak-
ness caused by degeneration of lower motor neurons in
the spinal cord and brainstem. SMA is caused by homozy-
gous deletion of the Survival of Motor Neurons-1 (SMN1)
gene [1,2]. A related gene, SMN2, produces low levels of
full-length SMN protein due to inefficient splicing. There
is an inverse correlation between SMN2 copy number
and disease severity, presumably mediated by SMN2
derived full-length SMN protein [3]. Therefore, increasing
the amount of full-length SMN protein is a promising

mailto:johagen@neuro.columbia.edu


694 J.M. O’Hagen et al. / Neuromuscular Disorders 17 (2007) 693–697
treatment strategy [4]. Several drugs targeting gene expres-
sion have resulted in increased SMN protein in preclinical
assays and are now being investigated as pharmacological
candidates for clinical trials in humans [5–8]. To test these
drugs, well-designed clinical trials using valid, reliable and
responsive outcome measures are needed.

Clinically, SMA patients are classified according to the
highest motor function ever achieved: Those with SMA
type I never achieve independent sitting; those with type
II can sit and may stand but do not walk independently;
and those with SMA type III can walk without assistance.
The retention of these motor milestones is not considered
in their classification. Many individuals with type III later
lose the ability to functionally ambulate [1]. The wide range
of functional skills in SMA patients, both between and
within types, and their limited endurance pose obstacles
in designing motor function assessments. Clinical trials in
a relatively rare disease would preferably allow the enroll-
ment of a wide phenotypic range of the disease population
in order to facilitate recruitment and a broad application of
results. Therefore, a motor function measure would ideally
allow for the assessment of both SMA type II and type III
patients. The Gross Motor Function Measure (GMFM)
and Motor Function Measure (MFM) both cover the wide
range of functional abilities seen in SMA type II and type
III patients, but these tests typically take more time than
the Hammersmith Functional Motor Scale (HFMS), an
instrument developed for the evaluation of SMA type II
patients [9–11].

The MFM was developed and validated for use in neu-
romuscular disorders. It shows excellent correlations with a
visual analogue scale given by professionals, as well as, the
Vignos and Brooke scales and the Functional Indepen-
dence Measure. The MFM is able to discriminate amongst
the various diagnostic groups that were included in the val-
idation study and it showed adequate internal consistency.
However, SMA accounted for only 10% of the tested pop-
ulation. In addition, the time to administer the test is con-
siderable. The test time exceeds 30 min in the majority of
cases, and some patients take more than an hour to com-
plete the MFM [12]. The length of time to administer the
test is significant because children with SMA fatigue easily.
In any clinical trial the selected motor measure will be one
of a number of outcomes and testing time and tolerability
will be important considerations.

The GMFM was designed at McMaster University for
the assessment of gross motor skills in patients with cere-
bral palsy. It consists of a group of tasks that span the
range of skills typically seen in SMA type II and III
patients. In previous studies, the reliability of the GMFM
was established in patients with SMA ages 2–18 [9,11,13].
The convergent validity of the GMFM was established
by correlation with muscle strength in patients from 5 to
18 years of age. The discriminant validity was established
by demonstrating the tests ability to differentiate between
SMA patients with varying degrees of clinical severity [9],
The testing inventory includes 88 items, which are each
scored on a 4 point (0–3) Likert scale, and divided into 5
dimensions: (1) lying and rolling, (2) sitting, (3) crawling
and kneeling, (4) standing, (5) walking, running, and jump-
ing. In addition to the raw score, the results are expressed
as a percent of the maximum possible score for each dimen-
sion (ranging from 0 to 100 across the 5 dimensions).

The GMFM provides a sensitive measure of gross
motor function in children with type II and III SMA. How-
ever, since it was developed for children with cerebral palsy
not all the items are appropriate for children with SMA.
For example, items requiring prone positioning cannot be
administered effectively in those with hip flexion contrac-
tures. The GMFM can take 45 min to complete which is
a disadvantage for its use in SMA clinical trials.

An alternative disease specific measure of motor func-
tion designed for SMA type II patients is the HFMS [10].
Motor skills are scored on 20 items using a 3 point (0–2)
Likert scale. It is feasible (taking approximately 15 min
to administer), requires minimal equipment, is clinically
meaningful, and has good inter–rater reliability [10,14].
However, the limited range of skills that can be assessed
(independent sitting to taking 4 steps) can result in a ceiling
effect in higher functioning SMA patients.

The aim of this study is to create a GMFM-derived
module that could be added to the HFMS to allow testing
of patients with type II and type III SMA. Creating one
scale with items that span the observed skill levels would
allow both groups of patients to participate in the same
trial using the same motor function scale. We initially pre-
sented the reliability of the first version of HFMSE at the
Families of SMA meeting in 2005. Here, we further refine
that measure providing a valid and reliable test that per-
mits the evaluation of SMA type II and III patients while
at the same time being more rapidly administered and thus,
better tolerated than the full GMFM assessment.

2. Patients and methods

2.1. Subjects

Fifty-four subjects with genetically confirmed SMA
were evaluated at three study sites, as part of the Pediatric
Neuromuscular Clinical Research (PNCR) SMA network.
38 of these 54 had type II (n = 21, median age = 5.7 years,
range 2.3–32.5 years) or III (n = 17 median age = 9.1 years,
range 3.9–45.1 years). The remaining 16 subjects had type
I. They were not evaluated using either the HFMS or the
GMFM, and therefore are not included in any analysis.
Informed consent was obtained from all parents and where
appropriate, assent was obtained.

2.2. Clinical evaluators

Trained pediatric physical and occupational therapists
within the PNCR Network had previously undergone
training in the HFMS and the GMFM. Inter–rater reliabil-
ity was established.



9 Patients with Genetically Confirmed SMA III

GMFM and HSFMS performed during one visit

Generated list of 31 items with mean score GMFM< 2.7

1. At least 1 subject had to be scored in at least 3 of the 4 scoring grades
2. Items scoring is not ambiguous; 
3. Items are feasible and require minimum equipment; 
4. Items are considered clinically meaningful by the authors
5. Items are not duplicated in the HFMS

13 Items selected

Step 1

Step 2

Step 3

Fig. 1. Schematic description of methods used to determine add-on
module to expand the HFMS.
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3. Item selection

The 38 patients with SMA type II or III enrolled in an
ongoing longitudinal cohort study were evaluated using
the GMFM and the HFMS. Data from the first 9 patients
with SMA III were examined to identify GMFM items that
would be sensitive to change in these ambulatory patients.
A selection process was designed to choose the most appro-
priate GMFM items (Fig. 1). First descriptive statistical
analyses were used to eliminate those items with a ceiling
effect in this population. A list of 31 items with a mean
score of less than 2.7 on the GMFM scale was then gener-
ated. This cut-off point was determined to indicate those
items with sufficient sensitivity in the subjects studied. Each
of these 31 items was then analyzed individually using its
mean, standard deviation and frequency distribution as a
measure of that item’s sensitivity in the type III subjects.
Items were selected based on fulfillment of the following
selection criteria: (1) at least 1 subject had to be scored in
3 of the 4 scoring grades. This distribution of subject scores
indicates an optimal level of operational definition sensitiv-
ity. (2) Items were not ambiguous as determined by clinical
evaluators. (3) Items were feasible and required minimum
equipment. (4) Items were considered clinically meaningful
Table 1
13 Item expansion module

GMFM item number GMFM dimension Item descrip

4 Lying & rolling Supine: flexe
5 Lying & rolling Supine: flexe

49 Crawling & kneeling High kneelin
50 Crawling & kneeling Attains half
60 Standing High kneelin
61 Standing High kneelin
62 Standing Standing; lo
63 Standing Standing: at
81 Walking, running & jumping Jumps forw
84 Walking, running & jumping Standing, ho
85 Walking, running & jumping Standing, ho
86 Walking, running & jumping Standing, w
87 Walking, running & jumping Standing, w
by the clinical evaluators. (5) Items were not duplicated in
the HFMS. This analysis generated 13 items (Table 1) that
would be useful as an addition to the HFMS and allowing
the assessment of advanced skills seen in ambulatory SMA
patients.
4. Scoring

The scoring scale of the selected 13 GMFM items
needed to be collapsed from a 4-point to a 3-point scale
in order to be equivalent to the HFMS. To accomplish this,
GMFM grades 1 and 2, both indicating partial task perfor-
mance, were collapsed to grade 1, and grade 3 (full
response) was changed to grade 2. Zero is scored for no
response.

This 13-item expansion module was added to the HFMS
to become the Expanded Hammersmith Functional Motor
Scale (HFMSE).
5. Statistical analysis

The validity and reliability of the HFMSE were exam-
ined in the entire sample of 38 patients with type II or type
III SMA. Although the intent of this scale development
was to evaluate patients with SMA type II and type III,
the HFMSE was directed towards higher functioning skills.
Therefore, the analyses were repeated for the subset of type
III patients. Concurrent validity was examined by comput-
ing the Pearson rank correlation between the HFMSE
and the only validated motor measure for patients with
SMA, the GMFM. Since the HFMSE contains 13 items
from the GMFM, we correlated the HFMSE with the
sum of the remaining 75 GMFM items (GMFM-75) rather
than the full GMFM instrument as to not artificially inflate
the score.

The validity of the HFMSE was further examined by
computing its Spearman rank correlation with a functional
rating of the severity of each of the patients. This was
accomplished by having a panel of experts rank the motor
skills of each participant using a 10-point functional rating
scale (Table 2). The panel consisted of 9 members, one
tion

s right hip and knee through full range
s left hip and knee through full range
g: attains half kneel on right knee using arms, maintains, arms free, 10 s
kneel on left knee using arms, maintains, arms free, 10 s
g: attains standing through half kneeling on right knee, with using arms
g: attains standing through half kneeling on left knee, with using arms

wers to sitting on floor with control, arms free
tains squat, arms free
ard 30 cm (12 in.), both feet simultaneously
lding one rail: walks up four steps, holding one rail, alternating feet
lding one rail: walks down four steps, holding one rail, alternating feet

alks up four steps, alternating feet
alks down four steps, alternating feet



Table 2
Functional Rating Scale

1 Unable to sit independently
2 Sits independently
3 Pulls to sit
4 Supine to sit
5 Stands but does not walk
6 Takes >4 steps (with or without braces and assistive devices)
7 Household ambulatory-with or without orthotics and assistive

devices for 50 feet
8 Community ambulator-with or without orthotics and assistive

devices for >50 feet
9 Runs

10 Age-appropriate in motor skills

R = 0.9727
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Fig. 2. Relationship of the HFMSE to the GMFM-75.
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Fig. 3. Relationship of the HFMSE to the HFMS. Highlighted in gray are
subjects at the ceiling of the original scale, but differentiated by the
expanded instrument, the HMFSE.
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neurologist specializing in pediatric neuromuscular disease,
and two clinical evaluators from each of the three sites,
blinded to the patient’s HFMS and GMFM scores. On this
ordinal scale, ‘‘10’’ indicates the ability to perform age
appropriate motor skills and ‘‘1’’ indicates an inability to
sit independently, the floor level for SMA type II.

The test–retest (intra–rater) reliability of the HFMSE,
HFMS, and GMFM was evaluated using data from the
baseline and month 2 visits. Gross motor function appears
to be clinically stable, as measured by the HFMS [14] over
a 3–6 month interval and by highly correlated test–retest
scores using the GMFM over a two week period [11,13].
Reliability was quantified using Interclass Correlation
Coefficients (ICCs) estimated from a random-effects one-
way analysis of variance model.

6. Results

Of the 38 subjects evaluated, 21 subjects had SMA type
II and 17 had SMA type III. There were 22 females and 16
males with a mean age of 10.7 years (range 2.3–45.1 years).

All participants completed the testing safely at the base-
line evaluation and the 2 month visit. Each subject
attempted each item and none were omitted in error. Rest
periods were provided to ensure that the full GMFM and
HFMS were performed without patient fatigue. In a stron-
ger participant with SMA type III, this testing could take
up to an hour, particularly in younger children. A weaker
participant with SMA type II could be tested in about
20 min.

In the combined group of patients, the mean (±standard
deviation) HFMS score was 21.0 ± 16.0 out of a maximum
total score of 40. The mean GMFM total score was
43.7 ± 35.7 out of a maximum total score of 100. The mean
HFMSE score was 27.7 ± 22.9 out of a maximum total
score of 66. As shown in Table 3, the HFMSE was highly
correlated with the GMFM (q = 0.98) and the GMFM-75
Table 3
Spearman Rank Correlations between expanded Hammersmith (HFMSE)
and GMFM and Functional Rating Scores

HFMSE Type II/III HFMSE Type III

GMFM-75 0.97 0.94
Functional Rating Score 0.90 0.88
(q = 0.97, Fig. 2). Clinical presentation, as measured by the
independent functional rating score, was also highly corre-
lated with the HFMSE (q = 0.90). The HFMSE was able
to capture differences among type III patients who scored
at the ceiling (40) of the HFMS (Fig. 3).

In the subgroup of 17 patients with SMA type III the
mean HFMS score was 36.8 ± 7.0 out of a maximum total
score of 40. The mean GMFM score was 78.1 ± 24.3 out of
a maximum total score of 100. The mean HFMSE score
was 50.1 ± 13.0 out of a maximum total score of 66. The
correlations between the HFMSE and the GMFM,
GMFM-75, and the functional rating score remained very
high in this subgroup (Table 3).

The intra–rater reliability of each of the three outcome
measures (GMFM, HFMS, and HFMSE) was excellent.
For the combined group of patients with SMA type II or
type III, the ICCs were 0.99 for the GMFM, 0.98 for the
HFMS, and 0.99 for the HFMSE. For the subgroup of
patients with SMA type III, the ICCs were 0.99 for the
GMFM, 0.97 for the HFMS, and 0.99 for the HFMSE.
7. Discussion

The HFMS provides an excellent tool for evaluation of
motor function in pediatric patients with SMA type II. It is
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responsive to change [15] and reliable [10,14] but it is lim-
ited by design to non-ambulatory patients with SMA.
The items are designed to look at skills that are typically
demonstrated by this population and that are a part of
their unique developmental sequence. This allows an econ-
omy of effort on the patient’s part while still producing
valid data. However, clinical trials in this rare disease need
to accommodate a broad spectrum of function to allow
inclusion of as many patients with SMA as possible. Our
analysis of the HFMS shows there is little concern for a
floor effect since only 8% of our sample of type II and III
SMA patients scored a 0 on the HFMS. However, as
expected, the HFMS was not able to distinguish among
high functioning patients with type II SMA and ambula-
tory patients with SMA III as it was not designed for
ambulatory patients. Items needed to expand the HFMS
into a scale applicable to a wider group of patients with
SMA type II and III would need to include ambulation
skills that were more advanced than ‘‘taking 4 steps
independently’’.

The add-on items were chosen from the GMFM because
it has been validated and shown to be reliable in patients
with SMA [9,11]. We have shown that the HFMSE mea-
sures motor function in high functioning patients with
SMA II and III. It captures the advantageous properties
of the HFMS and the GMFM. Like the HFMS, it is
administered in a short period of time and is less fatiguing
to patients. It requires a minimal amount of equipment to
perform the evaluation. Similar to the GMFM, the
HFMSE has the ability to distinguish among ambulatory
SMA III patients, and it allows for inclusion of a wider
range of intermediate and mild SMA patients. The
HMFSE is highly correlated with other clinical assessments
and shows good test–retest reliability. These preliminary
findings are encouraging and suggest that the HFMSE will
be a valuable outcome measure in phase II and III clinical
trials involving a broader range of patients with SMA II
and III. Further research is needed to fully evaluate the
reliability and validity of the HFMSE and to firmly estab-
lish its usefulness as a standardized outcome measure for
SMA trials.

Acknowledgements

This work was supported by the SMA Foundation, The
Children’s Hospital of Philadelphia: Institutional Clinical
and Translational Science Award Research Center NIH
# UL1RR02413404, Columbia University: US PHS #
RR-00645, Children’s Hospital Boston: MO1-RR02172.
The suggestions of Marion Main, Hammersmith Hospital,
London and Susan Iannaccone, MD, University of Texas
Southwestern, Dallas were particularly valuable. We grate-
fully acknowledge the families and children who partici-
pated in this study.

References

[1] Crawford TO. Spinal muscular atrophies. In: Jones RH, De Vivo
DC, Darras BT, editors. Neuromuscular disorders of infancy,
childhood, and adolescence: a clinician’s approach. Philadel-
phia: Butterworth; 2003. p. 145–66.

[2] Melki J, Lefebvre S, Burglen L, et al. De novo and inherited
deletions of the 5q13 region in spinal muscular atrophies. Science
1994;264(5164):1474–7.

[3] Feldkotter M, Schwarzer V, Wirth R, Wienker TF, Wirth B.
Quantitative analyses of SMN1 and SMN2 based on real-time light
Cycler PCR: fast and highly reliable carrier testing and prediction of
severity of spinal muscular atrophy. Am J Hum Genet
2002;70(2):358–68.

[4] Sumner CJ. Therapeutics development for spinal muscular atrophy.
NeuroRx 2006;3(2):235–45.

[5] Grzeschik SM, Ganta M, Prior TW, Heavlin WD, Wang CH.
Hydroxyurea enhances SMN2 gene expression in spinal muscular
atrophy cells. Ann Neurol 2005;58(2):194–202.

[6] Sumner CJ, Huynh TN, Markowitz JA, et al. Valproic acid increases
SMN levels in spinal muscular atrophy patient cells. Ann Neurol
2003;54(5):647–54.

[7] Brichta L, Hofmann Y, Hahnen E, et al. Valproic acid increases
the SMN2 protein level: a well-known drug as a potential
therapy for spinal muscular atrophy. Hum Mol Genet
2003;12(19):2481–9.

[8] Brahe C, Vitali T, Tiziano FD, et al. Phenylbutyrate increases SMN
gene expression in spinal muscular atrophy patients. Eur J Hum
Genet 2005;13(2):256–9.

[9] Nelson L, Owens H, Hynan LS, Iannaccone ST. The gross motor
function measure� is a valid and sensitive outcome measure for
spinal muscular atrophy. Neuromuscul Disord 2006.

[10] Main M, Kairon H, Mercuri E, Muntoni F. The Hammersmith
functional motor scale for children with spinal muscular atrophy: a
scale to test ability and monitor progress in children with limited
ambulation. Eur J Paediatr Neurol 2003;7(4):155–9.

[11] Iannaccone ST. Outcome measures for pediatric spinal muscular
atrophy. Arch Neurol 2002;59(9):1445–50.

[12] Berard C, Payan C, Fermanian J, Girardot F. Groupe d’Etude
MFM. A motor function measurement scale for neuromuscular
diseases—description and validation study. Rev Neurol (Paris)
2006;162(4):485–93.

[13] Iannaccone ST, Hynan LSAmSMART. Reliability of 4 outcome
measures in pediatric spinal muscular atrophy. Arch Neurol
2003;60(8):1130–6.

[14] Mercuri E, Messina S, Battini R, et al. Reliability of the Hammer-
smith functional motor scale for spinal muscular atrophy in a
multicentric study. Neuromuscul Disord 2006;16(2):93–8.

[15] Mercuri E, Bertini E, Messina S, et al. Pilot trial of phenylbuty-
rate in spinal muscular atrophy. Neuromuscul Disord
2004;14(2):130–5.


	An expanded version of the Hammersmith Functional Motor Scale for SMA II and III patients
	Introduction
	Patients and methods
	Subjects
	Clinical evaluators

	Item selection
	Scoring
	Statistical analysis
	Results
	Discussion
	Acknowledgements
	References


