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The aim of this study was to investigate the suitability of the North Star Ambulatory Assessment as a pos-
sible outcome measure in multicentric clinical trials. More specifically we wished to investigate the level
of training needed for achieving a good interobserver reliability in a multicentric setting.

The scale was specifically designed for ambulant children with Duchenne Muscular Dystrophy and
includes 17 items that are relevant for this cohort. Thirteen Italian centers participated in the study. In
the first phase of the study we provided two training videos and an example of the scale performed on
a child. After the first session of training, all the 13 examiners were asked to send a video with an assess-
ment performed in their centre and to score all the videos collected. There were no difficulties in per-
forming the items and in obtaining adequate videos with a hand held camera but the results showed a
poor interobserver reliability (<.5). After a second training session with review and discussion of the vid-
eos previously scored, the same examiners were asked to score three new videos. The results of this ses-
sion had an excellent interobserver reliability (.995).

The level of agreement was maintained even when the same videos were rescored after a month, show-
ing a significant intra-observer reliability (.95).

Our results suggest that the NSAA is a test that can be easily performed, completed in 10 min and can
be used in a multicentric setting, providing that adequate training is administered.

� 2009 Published by Elsevier B.V.
1. Introduction last few years however several other therapeutic approaches, such
Steroids have been considered for over a decade the best
therapeutic option to improve function or at least to slower clinical
deterioration in Duchenne Muscular Dystrophy (DMD) [1]. In the
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as the use of stem cells or antisense oligonucleotides, have become
or are becoming available for phase 2/3 clinical trials. The planning
of these trials has highlighted that the existing outcome measures
are often not appropriate to provide accurate quantification of the
effects of such therapies and to satisfy the needs of researchers,
clinicians and regulatory agencies.

As part of TREAT NMD, a European network of excellence aimed
at facilitating translational research in neuromuscular disorders,
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Table 1
Percentage of agreement on the scores of individual items and total scores in phases 1
and 2.

Test item Phase 1 Phase 2

1. Stand 96.5 100
2. Walk (10 m) 95 97
3. Sit to stand from chair 97.7 100
4. Stand on one leg – R 77.7 100
5. Stand on one leg – L 78 100
6. Climb step – R 97 100
7. Climb step – L 98.2 100
8. Descend step – R 96.5 100
9. Descend step – L 89.2 100
10. Gets to sitting 84.5 97
11. Rise from floor 91.6 100
12. Lifts head 74.3 100
13. Stand on heels 71.8 100
14. Jump 91.5 100
15. Hop – R 68.5 92
16. Hop – L 80 100
17. Run 78.5 92
Mean agreement 87 98.7
No. of items above 90% 8/17 17/17
Total scores 33 90%
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the issue of outcome measures in DMD has been recently
systematically reviewed [2]. With a few exceptions, the measures
used so far in DMD are measures of muscle strength, obtained
using clinical assessments such as the Medical Research Council
Scale (MRC), and Manual Muscle Testing (MMT) [3–7], or other
structured assessments (hand held dynamometers and
quantitative muscle testing) [6,8,9].

The assessment of strength however does not always reflect the
subject’s functional ability [2,10] and, as also suggested by FDA and
other regulamentatory authorities, there is the need for measures
that are ‘clinically meaningful’ to parents and families. Timed
items, such as walking 10 m or the 6 min walk test (6MWT), have
been increasingly used as they can reliably detect changes over
time and, for the 10 m test, also predict age of loss of ambulation
in DMD boys [11].

A few attempts have been made to identify other functional
measures reflecting other aspects of everyday life activities.
Classically, the most commonly used functional scales in DMD
are those developed by Vignos et al. [12] and Brooke et al. [5]
and the Hammersmith motor ability scale (HMAS) [3], largely used
in clinical practice but for which there is little published
information regarding its reliability and validity. In the last few
years new scales have been developed to address some of these
issues. Some of these, such as the Egen Klassifikation (EK) scale
[13–15] the Motor Function Measure (MFM) [10,16] provide a
mean of assessment that covers the whole range of activities from
very weak non ambulant patients to strong ambulant patients and
have also been validated in subgroups of patients affected by DMD.

The North Star Ambulatory Assessment (NSAA) is a new
functional scale specifically designed for ambulant DMD boys
trying to address some of the shortcomings reported for the other
scales. The NSAA has been based on the HMAS, revising most of the
items from the previous version that were felt to be reliable
indicators of possible functional changes in ambulant DMD boys
but also includes a number of new items that provide the
opportunity to detect possible improvement following treatment,
avoiding the ceiling effect criticised in the other existing scales.
Some of these activities, such as head raise, hopping and running
are usually not observed in untreated DMD children but are
increasingly seen in children treated with daily steroids and should
be assessed and monitored following new treatments. The scale
has been piloted by the North Star Clinical Network for Paediatric
Neuromuscular Disease Management (NSCN) in the UK in the
United Kingdom with good intra and interobserver reliability
[2,17,18] and has recently been suggested to be used as one of
the outcome measures in forthcoming studies.

The aim of this study was to further assess inter and intra-
observer reliability of the NSAA and the level of training needed
in a multicentric setting.
2. Methods and subjects

2.1. NSAA

The scale consists of 17 items (Table 1), ranging from standing
(item 1) to running (item 17) and includes several items assessing
abilities that are necessary to remain functionally ambulant i.e.
ability to rise from the floor, ability to get from lying to sitting
and sitting to standing and that are known to progressively
deteriorate in untreated DMD patients. The scale also includes
items assessing head raise and standing on heels that can be partly
present in the early stages of the disease and a number of activities
such as hopping, jumping and running that are generally never
fully achieved in untreated DMD boys but that have been found
in those treated with daily steroids.
Instructions on how to elicit the items are available on the
proforma but more detailed instructions and additional
information on how to score individual items is available and can
be downloaded at the TREAT NMD site (http://www.researchrom.
com/masterlist/view/18).

Each item can be scored on a three point scale using simple
criteria: 2 – ‘Normal’ – achieves goal without any assistance;
1 – Modified method but achieves goal independent of physical
assistance from another; 0 – Unable to achieve independently.

A total score can be achieved by summing the scores for all the
individual items. The score can range from 0, if all the activities are
failed, to 34, if all the activities are achieved. All items have to be
tested without thoracic braces or leg orthoses. The scale is
generally completed in a maximum of 15 min.

The scale also includes the possibility to record timed items
(walk 10 m and rise from the floor). The time taken to complete
the task is not part of the global score but provides an additional
measure of the DMD boys’abilities that can be monitored over
time.

2.2. Training sessions

One of the Italian physiotherapists involved in the study (ESM)
was trained in London and in Newcastle by two experienced
physiotherapists (MM and ME) who had been involved in the
development of the NSAA and in the UK training program for
NSAA. The training consisted in assessing several patients together,
having the opportunity to discuss results and possible bottlenecks
in performing and scoring, followed by scoring of training videos.

2.3. Dissemination of the training in the Italian centers

The physiotherapist trained in UK organised training sessions
with physiotherapists from each of the 13 Italian tertiary care
pediatric neuromuscular centers. Three training sessions were
organised in order to have a limited number of people attending
each session. As one of the aims of this study was to establish
the level of training needed to have an adequate interobserver
agreement, the first training session (phase 1) mainly consisted
in a presentation of the scale, two training videos and the
opportunity to have a demonstration on a patient to see how the
scale has to be performed. All the therapists attending the training
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sessions had experience with neuromuscular disorders and with
functional scales in DMD but none had used the NSAA before the
training session.

After these sessions the examiners from the 13 centers were
asked to perform a video in one of their patients after they had
been provided of instructions on how to perform the video and
the manual with instructions on scoring. The videos were collected
on a CD and circulated among the participants to get their scores.
The aim of this part was to establish the quality of the videos,
whether the assessments had been performed correctly, and the
ability to score.

The children assessed in the 13 centers were all ambulant DMD
patients with age ranging between 5 years and 9 years, 11 months.
All but two were on steroids and their level of function, assessed by
NSAA ranged between 17 and 32/34 (mean 24, 81).

2.4. Phase 2

A second session (phase 2) including all the participants to the
study was organised after analysis of the videos in order to look at
the consistency of the results. In this session all participants were
asked to look at the videos previously scored and discuss possible
differences in performing and scoring the individual items. All the
videos were shown in ‘real time’ without the opportunity to
rewind and look at the clips more than one time. After this second
training session the participants were asked to score three new
videos.

Intrarater reliability was determined by a repeated evaluation
of two of the videos scored in phase 2 one month later.

2.5. Statistical analysis

Statistical Package for the Social Science 11.0.1 for Windows
(SPSS, Chicago, IL) was used for data analysis (reliability, construct
validity and internal consistency) [19,20]. To assess rating
reliability the Intraclass Correlation Coefficient (ICC) was
calculated by comparing the variability of different ratings of the
same subject to the total variation across all ratings and all
subjects. The Intraclass Correlation Coefficient typically range from
0 to 1 with scores closer to 1 representing greater reliability.

Other than having a coefficient of reliability, we were also
interested to look at the consistency of the scores of the individual
items in order to identify individual items for which agreement
may be more difficult to reach. The results of the individual items
were compared to a standard which was set at 90% i.e. it was
expected that for any one test item the group would be in
agreement as to scoring 9 times out of 10, as a practical criterion.

The test–retest reliability was assessed with the Spearman–
Brown coefficient to estimate full test reliability based on split-half
reliability measures. This statistical analysis measures the
equivalence of the scores during the evaluation of the same items
with the same instrument on the same subjects. Test–retest
reliability with the split-half method allows to assess internal
consistency.
3. Results

After the first phase of training, all the centers sent their
video, as requested. Two of the three were in a format that
did not allow easy transfer to a CD. The remaining 11 were sent
on a CD and were scored by all centers. The quality of the video
was acceptable in all but in four of the 11 recordings there were
two items in which scoring was not possible (e.g. feet could not
be visualised when jumping or videos taken from the wrong
angle when going on stairs), for a total of 179 out of 187
scorable items (95.7%).

3.1. Score agreement

In phase 1 there was poor agreement among the examiners. For
each video the percentage of similar total scores ranged from 23 to
53% (mean 33%) that increased to 38 to 84% (mean 42.2%) when a
possible difference of +1 point was considered. The ICC was very
poor (<.5).

When individual items were analyzed, the level of agreement
among the different examiners ranged from 68.5 to 98.2, and 9
of the 17 items did not meet the standard (90%).

The items that more often had less satisfactory results in the
first phase and that required further training were:

Standing on one leg (items 4 and 5): there was no agreement on
the difference between ‘no fixation’ (score 2) and ‘needs a lot of
fixation’ score 1, with difficulties in scoring children who had only
‘a little fixation’ but not ‘a lot’. In agreement with the instructions
provided by the therapists who developed the method, it was
clarified that ‘a little fixation’ is allowed and can be scored as ‘no
fixation’ (score 2).

Lifts head (item 12): some examiners scored as 2 any attempt to
lift head from the plinth irrespective of the method used, even if
the instructions on the manual provided detailed description of
how to score it.

Stands on heels (item 13): some examiners tended to score 0 all
the patients who had eversion of the foot even when this was
associated with obvious forefoot lifting (score 1).

Hopping (item 15 and 16): some examiners scored as 2 even in
patients who got heel only off the ground and not forefoot.

Running (item 17): some of the examiners felt that a good
Duchenne jog should be scored as 2 as it was better than a poor
one that was still scored as 1.

In phase 2, after the second session of training there was a very
good agreement of the global scores with all examiners giving the
same final score to two of the three videos while in the third video
9/13 examiners gave the same score and the other four gave a
score different of one point. The ICC calculated on the three global
scores of the three videos was of .995. When individual items were
analysed the ICC ranged between .94 and 1 in 16 of the 17 items
and was .75 in one item (item 15). All 17 items were found to meet
the standard (90%). Table 1 provides details of the agreement on
individual items.

The test–retest reliability measured for all examiners by
Spearman–Brown split-half reliability ranged from .70 to 1 for B2
and from .72 to 1 for B3.
4. Discussion

In this paper we report the use of the NSAA, a simple
inexpensive tool largely used in clinical settings in order to
establish its suitability in research trials. One of the advantages
of the NSAA is that it was specifically designed for ambulant
children with Duchenne Muscular Dystrophy and only includes
items that are relevant for this cohort.

Unlike other more general scales for neuromuscular disorders,
that also includes items assessing other aspects of function
relevant to other neuromuscular disorders or to more advanced
phases of DMD, in the NSAA the number of items is relatively
small. The scale takes approximately 10–15 min and can be easily
performed even in children with moderate learning difficulties or
some behavioral problems. Another advantage is that it also
includes timed tests that are routinely used in many centers to
monitor clinical changes. This avoids repetition which may induce
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fatigue or lack of co-operation and leaves time for other
assessments such as the 6MWT that are becoming increasingly
used in both clinical and research settings.

Reliability and feasibility of the scale have already been
reported in a UK study that has also reported how the NSAA can
detect changes over time in DMD boys [17,18]. In the present study
we have further explored the reliability of the scale in order to
establish the suitability of the scale for multicentric studies.

In the first phase of the study we were interested to establish
whether a simple training showing two videos and an example
of the scale performed on a child in front of a small number of
trainees could be enough to achieve good interobserver agreement
among examiners who had experience with other neuromuscular
functional scales but who had never performed the NSAA before
the study. The analysis of the results showed a poor agreement
on global scores for 9 of the 17 items. It is of interest that all the
13 examiners were able to perform the scale eliciting each item
correctly but the interpretation of the results was dubious and
further discussion with other examples was needed to find an
acceptable agreement. While there were little doubts on the items
failed (score 0), there were some discrepancies between the scores
1 and 2 and on the interpretation of the general guidelines
provided in the manual. Even if most of the responses were
available on the manual, some examiners needed an extra session
to clarify some of these issues, especially when the items were
similar but were scored differently in other scales with which they
were more familial.

The review of the videos was very useful and an agreement was
found on what should be interpreted as a full score. Three new
videos scored after the second phase of training showed much
better results with values of agreement ranging between 92 and
100%.

The level of agreement was maintained when the same videos
were rescored after a month, showing significant intra-observer
reliability.

In conclusion, our results suggest that the NSAA is a practical
test that can be easily completed in 10 min and can be used in a
multicentric setting, as long as adequate training is provided. There
were no difficulties in performing the items and in obtaining
adequate videos with a hand held camera, even after a short
training session. In contrast, there was the need for a second
session to have a better interobserver reliability when scoring.
Further studies are in progress to explore the ability of NSAA to
detect changes over time in relation to other measures of function
such as 6MWT and myometry.
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