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Abstract: Objective: The North Star Ambulatory Assessment (NSAA) is a validated 17-item functional
rating scale and widely used to assess motor function in boys with Duchenne muscular dystrophy
(DMD). The SARS-CoV-2 pandemic and subsequent Government ‘lockdown’ resulted in no face-to-
face clinic visits hence the motor abilities were not monitored. The aim was to investigate whether the
NSAA was feasible and reliable by video assessment. Method: Ten ambulant DMD boys were selected
from the electronic hospital records. Two physiotherapists scored the boys” NSAA independently and
the intraclass correlation coefficient was used to assess agreement. The video scores were compared
to two previous NSAA in-clinic scores. Results: Mean scores (SD) for clinic visit one were 22.6 (4.19)
and clinic visit two 21.8 (5.3). The two physiotherapists video mean scores were 20.6 (5.66) for
physiotherapist 1 and 20.6 (6.53) for physiotherapist 2. The intraclass correlation coefficient was 0.98
(95% CI 0.93-1.00) for the total NSAA and 1.00 (95% CI 1.00 to 1.00) for the rise time. The mean
decline in score from clinic visit one (—12 months) to video assessment was 2.0 (2.8 SD). Conclusion:
The results from the study suggest that video NSAA is partially feasible and reliable.

Keywords: Duchenne muscular dystrophy; north star ambulatory assessment; video assessment

1. Introduction

Duchenne muscular dystrophy (DMD) is a severe, X-linked disease with a worldwide
incidence of 1 in 3600 to 6000 live male births [1] and an incidence of 1 in 5136 in Wales
following new born screening [2]. Those affected can display mildly delayed motor mile-
stones early in life. The most predominant feature of DMD is progressive proximal muscle
weakness and this leads to boys unable to, in most cases, jump, run, or get up from the floor
without adopting a Gower’s manoeuvre. Most boys are diagnosed at an average of 4.3 years
of age [3] when the functional ability diverges from that of their peers. If not treated with
corticosteroids, the agreed stand of care for boys with DMD [4], the disease progresses
rapidly with loss of ambulation, on average, at 9 years old [5]. In addition, respiratory,
cardiac and orthopaedic complications emerge and without treatment life expectancy is
shortened to a mean of 19 years [6].

The standards of care [4] recommend for boys with DMD are assessed once every
six months by means of the North Star Ambulatory Assessment (NSAA). The NSAA isa
validated and reliable method for assessing the functional ability of boys with DMD [7,8].
It is a 17-item rating scale, with a range of functional tasks such as, stand, run, hop, climb
step, get up from the floor, specifically developed by the North Star Clinical Network for
Paediatric Neuromuscular Disease to measure function in ambulant children with DMD [9].

There was a global pandemic of the SARS-CoV-2 virus in 2019 which caused severe res-
piratory illness resulting in imposed restrictions on physical gathering, travelling, leaving

Children 2022, 9, 728. https:/ /doi.org/10.3390/ children9050728

https://www.mdpi.com/journal/children


https://doi.org/10.3390/children9050728
https://doi.org/10.3390/children9050728
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0001-9606-0574
https://orcid.org/0000-0003-1613-1462
https://orcid.org/0000-0002-7023-4078
https://doi.org/10.3390/children9050728
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children9050728?type=check_update&version=1

Children 2022, 9, 728

2 0f 10

house without a reasonable excuse or ‘lockdown’. This ‘lockdown’, in the United Kingdom,
was in place from 23 March 2020, and for those with increased risks of contracting the
SARS-CoV-2 the Government implemented a 12-week complete isolation protocol. Addi-
tionally, a 12-week complete isolation protocol was in place for those classed as ‘extremely
vulnerable” and at increased risk of contracting the virus. Boys with Duchenne muscular
dystrophy (DMD) were included in this category and were therefore not able to attend
hospital clinic appointments for face-to-face assessments. This lockdown was extended,
whereby those patients were discouraged from attending any face-to-face contact unless
vital and were advised by the government to shield especially the ones that have been
on immunosuppressive treatment like steroids. It was uncertain at the time what future
limitations may be in clinical settings with the most vulnerable of the population; however,
the necessity will remain to monitor this cohort of patients.

There was a clinical need for NSAA to be assessed to track progression or decline in
functional abilities, monitor effectiveness of treatment regimens, and alter glucocorticoid
(GC) dosage as required. If functional ability is seen to be deteriorating then in addition to
changes in GC dosage several other interventions could be considered and implemented,
namely home exercise plans, orthotics, stretching programs or hydrotherapy.

Although the Government has now relaxed SARS-CoV-2 restrictions, the National
Health Service has not been able to provide sufficient appoints to reduce the waiting
list, now standing at close to 6 million and may be as many as 13 million over the next
4 years [10,11]. Telemedicine, whether this is by phone or video, is a technology that can
make it easier for patients to access health care to receive preventative treatments and
help with long-term health conditions, such as DMD [12]. This is of particular benefit for
those who live at distance from their health care provider, or who face a financial burden
of attending [13]. With this background we aimed to conduct this study to investigate
feasibility and reliability of NSAA score via a video link.

2. Materials and Methods

This study was done as a service evaluation exercise and approval was sought from
the clinical governance department of Robert Jones and Agnes Hunt Orthopaedic Hospital,
Oswestry, UK (2021_017). Written consent was provided remotely by the parent or guardian
of all patients. In addition, parents, or guardians of the DMD boys had previously provided
written consent for participation in the NSAA United Kingdom natural history study.
Ten boys with a genetically confirmed diagnosis of DMD, who were ambulant and had
previous NSAA scores in last 612 months were selected from the electronic patient record.
Ambulant patients who would be unable to comply with test due to behaviour or learning
difficulties were excluded (Supplementary S2, Supplementary S3).

The NSAA has seventeen items and a 3-point scoring structure: 2—'normal’—achieves
the assessment goal without any assistance or modification; 1—modified method but
achieves goal without the need for physical assistance; 0—unable to achieve the goal
independently [7,9], meaning a total score can range from: 0, whereby the patient fails all
items, to 34, whereby the patient achieves all the activities with no modification of tasks. In
addition, the NSAA has the possibility to record two timed items, 10-m timed walk/run
test and time to rise from the floor or Gower test [7,9]. The 10-m run/walk and rise from
the floor times are not part of the NSAA scoring structure but give an additional measure
of physical ability. However, how the boy achieves ‘rise from the floor” or ‘runs’ are scored
and so add to the overall total for the NSAA. A score of zero would be given if the boy were
to rise from floor by using an external aid e.g., chair, table or helped by a parent or carer.
For the ‘run’ the full 10 m will not be necessary to determine if the boy achieves a ‘run’ or
not. A sufficient distance would be required for the boy to accelerate and demonstrate a
‘run’; both feet of ground (no double stance phase) score 2 or pick up speed score or fast
walk score 1, or walk (no increase in speed) score 0.
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The previous two in-clinic face-to-face NSAA scores were taken as a baseline reference
(12 and 6 month) for all patients. This allowed determination of decline or improvement in
NSAA scores over a one-year period and served as a standard by which the video scoring
could be compared. It has been shown that there is a decline in mean NSAA scores over a
12-month period of —2.2 with a standard deviation of 3.7 [7].

Prior to the test, families were sent information regarding appropriate dress and
equipment requirements; including a chair of suitable height (seated with knees and hips
at 90 degrees), a step (150 mm in height), and a 10-m walk/run area. The boys were to
be barefoot for all items, and in shorts as per NSAA protocol, unless the 10-m run was
being performed outside and then shoes/trainers would be worn [9]. The boys selected
and consented to the study were familiar with the NSAA, as were their parents, and
so required little or no coaching on how to perform the required functional tasks. If
part or all the equipment was not available then the percentage of the NSAA completed
would be calculated, for example: step not available would give a percentage of 23.5%
(8/34) not completed and 8 points be deducted from the NSAA score. This would then
be compensated for by increasing the score, for example if the step were missing the
score would be 34/(34—8) = 34/26. This method effectively implemented the commonly
recommended ‘person mean’ imputation method [14,15].

Two physiotherapists trained and experienced in carrying out and scoring the NSAA
performed the assessment. The families were contacted by letter and phone call, and a time
and date was arranged for a secure online video link via Attend Anywhere, the National
Health Service England platform for conducting video consultations.

During the consultation, the physiotherapists carrying out the video assessment
provided guidance of the NSAA protocol for the parents and boys with the assistance of the
NSAA protocol information sheet and their tablet computers (iPad, Apple Inc., Cupertino,
CA, USA). Once the boy had completed the NSAA, scores were calculated independently
by both physiotherapists. This was in keeping with the assessments ordinarily carried out
in a face-to-face clinic environment.

The two physiotherapists recorded each item of the NSAA on the score sheet indepen-
dent of each other and summed the scores to provide a final total out of 34 points. The two
physiotherapists were in the same room but did not compare or discuss the scores during
or after assessment.

To ensure the correct starting position, families were instructed on positioning of
the video camera so that the assessors could ensure this was in accordance with the
NSAA protocol.

The remote-assessed score was compared to the two previous scores from clinic
appointments. The physiotherapists carrying out the video NSAA were blinded to the
previous NSAA scores.

The feasibility of remote scoring was assessed by determining whether items of the
NSAA can be performed by parents and their children at home, the technical quality
of the videolink and whether using video allowed the physiotherapists to perform the
scoring. For this type of study, where the aim is assessing clarity of instructions and ease of
administration, a sample size of 10 suffices [16].

Inter-rater reliability of scoring between physiotherapists was assessed by determin-
ing the mean absolute difference, a two-way intraclass correlation coefficient (ICC) for
agreement and a Bland—-Altman plot. The ICC directly measures reliability and can vary
from 0 (no reliability) to 1 (perfect reliability). Other measures sometimes used for this
purpose, such as the paired t-test or Parson’s correlation coefficient, only assess specific
aspects of reliability, whereas the ICC assesses all relevant aspects [17]. The reliability of the
clinically assessed NSAA score is very high (ICC = 0.995 [7]). Assuming that the reliability
of the remotely assessed score would be at least 0.95, five subjects would suffice to assess
the ICC with a 95% confidence interval width of 0.2 [18]. Since a simultaneous clinical
assessment of the NSAA was not possible, we evaluated the accuracy of the video-assessed
score by gauging if it matched the expected pattern over time of the NSAA based on
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the two previous clinic-assessed scores. For this we used a linear mixed effects model,
using a subject-dependent intercept and either a fixed or subject-dependent slope [19].
Likelihood-ratio tests were used to determine if adding the subject-dependent slope sig-
nificantly improved the model. Our first measure of matching the expected outcome was
the correlation between time of assessment (clinic or video) and NSAA, which we as-
sessed as a repeated measures correlation coefficient based on the mixed model, and using
999 bootstrap samples to determine 95% confidence intervals [20]. Our second measure
was to check if the pattern over time in our patients corresponded to what is known, in
particular if we saw an increasing rate of function drop with age [21]. We investigated
the latter via the interaction of age with slope. For the accuracy analyses, the mean of the
two remote assessments was used as the remote assessment score. All statistical analyses
were performed using R vs. 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria)
using the packages irr Ime4 and boot. Two-sided p-values below 0.05 were assumed to
denote statistical significance.

3. Results

The age range of the boys with DMD was 4 years 9 months to 17 years 3 months, with
a median of 8 years 2 months. All ten boys were on steroids at the time of in clinic and
video NSAA, either prednisolone or deflazacort; nine of the ten boys were on daily dosing
and one on intermittent dosing (10 days on 10 days off).

All boys completed the NSAA apart from patient 6 who was unable to perform the
rise from floor-timed test as he had on his two previous NSAA in clinic visits (Table 1). The
timed 10 m run was only performed by 4 patients, 2 outside with shoes or trainers on and
two indoors barefoot (Table 2).

Table 1. NSAA and timed rise as collected during the two clinical visits and by the two physiothera-
pists at a video assessment.

NSAA

NSAA

Subject Score 1 TiI.ned Score 2 Tir'ned I:I]isdiﬁ T.imed I:Ihsci 1: T.imed g/if)iz;
-12 Rise -6 Rise Score P1 Rise P1 Score P2 Rise P2 (P1 & P?2)
Months Months
1 28 5 28 35 24 42 23 4.7 23.5
2 25 2.7 23 32 26 42 27 4.0 26.5
3 27 7.7 27 6.0 27 42 29 44 28
4 18 9.1 17 14.0 16 16.5 15 16.1 15.5
5 18 14.3 13 29.7 13 348 12 34.3 125
6 19 NA 18 NA 13 NA 12 NA 125
7 27 4.3 28 3.9 26 4.00 28 3.6 27
8 18 5.7 20 45 20 5.7 20 55 20
9 25 42 26 3.0 25 3.8 24 29 24.5
10 21 6.9 18 10.9 16 15.00 16 15.2 16

P1: physiotherapist 1; P2: physiotherapist 2; NA: data not available.
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Table 2. Timed run as collected during the two clinical visits and by the two physiotherapists at a

video assessment.

Clinic Visit 1: Clinic Visit 2: P1: Time in P2: Time in Average of
Subject  Timed Runin  Timed Run in ; ; P1 and P2 in
Seconds Seconds
Seconds Seconds Seconds
3 5.8s 51s 55s 52s 5.35s
5 8.6s 9.1s 92s 94s 93s
6 6.4s 5.6s 6.1s 6.4s 6.25s
7 52s 5.0s 5.6s 48s 52s

P1: Physiotherapist 1 assessment; P2: Physiotherapist 2 assessment.

The twenty previous one year and six month NSAA were administered by the same
physiotherapist in 75% of clinic visits (15/20). The remaining five assessments were admin-
istered by the physiotherapist involved in the video trial. The same two physiotherapists
scored the NSAA via video.

The mean time from the first face-to-face clinic visit to video assessment was 10.8 months
(range 7 to 19) and from the second face-to-face clinic to video assessment was 5.4 months
(range 4 to 7).

All ten video links worked well; the little pixilation on one of the video links did not
interfere with scoring the NSAA. No noticeable lag time was present. On three separate
occasions, audio was not connected from the attendees’ end but this was easily resolved by
either refreshing the link or by exiting the platform and re-entering. The item ‘standing
on heels’ proved difficult to assess if the boy was standing on carpet, and therefore any
score assessed with the boy on a carpet was lowered by one point. During the assess-
ments, it became clear that the amount of assistance provided by a parent or carer for step
climb/descend was difficult to gauge, with the NSAA protocol stating that any assistance
is for ‘balance only’. It was therefore decided that any assistance during this part of the
NSAA would give the boy a zero score for this item as any score ascribed could not be
given with any accuracy.

The two physiotherapists scored all 17 items of the NSAA in all ten boys undertaking
the video assessment. Each assessment took between 15 and 20 min in all. The NSAA
scores of previous and study visits are shown in Table 1.

The mean absolute difference between the two physiotherapists” scores was 1.0 point
(SD 0.67, range 0-2) and the ICC was 0.98 (95% CI 0.93-1.00). A Bland-Altman plot
underlined the small differences between the two physiotherapists and showed no clear
pattern (Figure 1).

The mean score for face-to-face clinic visit one was 22.6 points (SD 4.2) and for clinic
visit two was 21.8 points (SD 5.3). The mean video-assessed score based on either phys-
iotherapist was 20.6 points (SD 5.7 and 6.5 for physiotherapist 1 and 2, respectively).
The mean decline in scores from face-to-face clinic visit one to the video assessment was
1.9 points (SD 3.1) and from the second face-to-face clinic assessment to the video NSAA
was 1.1 points (SD 2.4). The mean drop in NSAA over the three assessments was approxi-
mately 2.0 points per year (SD 2.8; 95% CI —0.3 to 4.3). Moreover, we found evidence that
the rate of drop differed significantly between the children (significant improvement of
mixed effect model by including random slope, p = 0.019, Figure 2). Based on the model
with random slope, the correlation coefficient between assessment time and score was
—0.83 (95%CI. 0.66 to 0.89). We also found evidence that the drop increased with age at
video-assessment (significant Age*Slope interaction, p = 0.018). The drop in score was
particularly strong in boys over 8 years old (Figure 1).
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Difference in NSAA scores
o

NSAA Bland-Altman plot

Mean NSAA score of the two physiotherapists

Figure 1. Bland-Altman plot for the NSAA score. The thin blue line represents the bias and the thick
blue lines the lower and upper limits of agreement.

NSAA score

254

20 1

15 1

S6

S5 °

4 6 8 10 12 14 16

Age at assessment

Figure 2. NSAA score versus age at assessment for each of the three assessments of the 10 boys

(S1 to S10). The lines are based on a linear mixed model with subject-dependent slope.
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Nine boys were able to perform the timed rise from the floor whereas one boy was
unable, for all ten boys this was also the case at their two previous clinic visits. The mean
absolute difference in rise from floor times between the two video assessments was 0.38 s
(SD 0.23, range 0.2-0.9). The ICC for the timed rise was 1.00 (95% CI 1.00 to 1.00).

The timed 10-m run was completed by 4 boys. The video-timed 10-m run showed a
mean absolute difference between the two raters of 0.4 s (SD 0.27, range 0.2-0.8), and an
ICC of 0.97 (95% CI 0.70-1.00).

4. Discussion

With the present pandemic of the SARS-CoV-2 virus and increasing pressure on NHS
for face-to-face appointments, it is imperative to find a means for ensuring patients with
long-term conditions can be monitored regularly and in keeping with published standards
of care. As all worldwide hospitals started to use ‘virtual clinics” as a means of ‘seeing’
patients, this presented an opportunity to investigate the possibility of using video to assess
boys with DMD and investigate the feasibility and reliability of NSAA scores. The results
of this study show that video NSAA is partially feasible and reliable, and decline of the
score is consistent with published literature.

All families who participated in this study were very co-operative as they provided
suitable equipment at home. A variety of set ups were employed; chairs raised up slightly
using books, child’s toilet step (exactly 150 mm in height), exercise steps, measuring out
a 10-m run, and having the boys dressed appropriately; shorts and barefoot. The study
showed that it was possible to score most of the items of NSAA with the video link with
good correlation between the two therapists supporting partial feasibility of this assessment.
There were however some difficulties, such as a lack of control over types of flooring, some
had hard wood floors and some carpets, or difficulties with confirming height of chairs and
steps, which may have influenced scoring.

The type of flooring made one aspect of scoring problematic, namely ‘stand on heels’.
For families who only had carpeted floors, the ability to ‘stand on heels” was difficult to
assess accurately, so any scores given were scored down regardless of the previous in-clinic
scores or likelihood of the boy being able to successfully stand on heels. This obviously
may have affected the overall NSAA scores; however, when video scores were compared
to previous in-clinic scores any difference was in keeping with the studies conducted by
Mazzone et al. [21,22]. In addition, when assistance was provided by a parent for step
climb/descend, the assessing physiotherapists could not discern the amount of assistance
provided, with the NSAA protocol stating any assistance is for ‘balance only’, the boy
would score 0. Despite these limitations, we were able to score almost all seventeen items
of NSAA.

The timed tests are an important aspect of the NSAA and perhaps the most contentious
aspect of using video due to the potential time lag of Internet connections. However, by
starting the stopwatch at the first sign of movement from the boy undertaking a timed
functional test and stopping when he achieved the correct finishing position, we tried
to remove the effects of any video lag time. This is contrary to the instructions of the
NSAA protocol which states the stopwatch should be started on the instruction ‘go” and
any delay in the boy initiating run or rise from floor could be viewed as a decline in their
condition. The timed tests appear to be consistent with expected decline, but it would be
recommended that any timed tests are treated with caution and only be used as a guide to
possible ability and function. It is obvious that far more work needs to be undertaken to
confirm the feasibility of performing timed tests via video.

The rise from floor would only be timed if the boy was able to perform the task
unaided. He would then be scored for functional ability to perform rise from floor; either
2, or 1 and a time given. A score of 0 would be given as the boy was unable to complete
the task due to him requiring external help. Nine out of the ten boys were able to perform
the timed rise from floor. One boy could not perform a timed rise from floor but also had
been unable to do so in his previous two face-to-face clinic visits (subject 6; age 17 years
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3 months). The mean decline for the nine boys in our study able to perform the rise from
floor item was 3.8 s per year (SD 7.4). This is similar to the research by Mazzone et al. [22],
who reported a mean decline of 5.05 s (SD 12.45).

An obvious problem was the possible variability in the 10 m ‘run’; the distance of
which could not be confirmed and used different surfaces (hardwood flooring, carpet,
and concrete paths). Although the 10-m distance could not be confirmed, the 4 boys who
completed the ‘run’ all had times consistent with face-to-face appointments and expected
declines in time to complete the run [21,22]. The same could be suggested for the timed
10-m run but as only 4 boys were able to complete this aspect of the NSAA this would be
more difficult to discuss. In spite of the limitation, the run/walk a score of 2 could still
be achieved if it is seen that the boy achieves double foot clearance during run (flight; no
double stance phase) but no time applied due to not being over a full 10 m.

In spite of these limitations the scores from video seemed consistent with the previous
in clinic assessments. Although there was some variability in the scores seen in the video
when compared to their face-to-face in clinic visit, this was most likely related to disease
progression. A mean decline in NSAA scores of 2.0 points per year in our study is similar
to the 2.2 points found in earlier studies [21]. Consistent with earlier studies, we found
significantly larger drops in NSAA scores for older boys [21]. The three boys who showed
the largest decline in their NSAA scores were aged 10 years 3 months, 17 years and 3 months
and 9 years and 4 months, with mean declines of 4 to 5 points per year up to the time
of the video assessment. On the other hand, relatively stable or slightly improved scores
were seen in all but one of the boys below the age of 8. This is also consistent with data
reported earlier, which showed little or no decline in mean scores for children below seven
but marked decline in children above seven [21,22].

In this study we demonstrated that remotely assessing the NSAA is partially feasible,
and that the NSAA scores obtained had a high inter-rater reliability of 0.98. The mean
annual change of 1.9 points over a mean 12-month period is in accordance with the expected
change in scores reported by Mazzone et al. [21,22]. However, as this study only recruited
10 boys with DMD, the results would only suggest that remotely scoring the NSAA is
reliable and should therefore be treated as a guide to disease progression.

The main limitations of this study are the small sample size, the lack of control over
flooring, the inability to confirm the height of steps or the length of 10 m runs and the
quality of Internet video links. However, our small sample size was sufficient for the main
aims of the study, assessing feasibility and reliability of remotely assessing the NSAA. A
more proper validation of our method of home assessment requires a different type of
study, where boys are clinically assessed shortly before or after their remote assessment.
However, even if the two types of assessment had a slightly lower ICC of 0.9, such a study
would still only require a sample size of 15 to assess the ICC with a 95% CI width of 0.2.
We therefore suggest that the high intra-rater reliability, combined with the consistency of
the NSAA and timed rise from the floor with previous NSAA scores and when compared
to larger cohort studies [21,22], would support the use of video assessments as a guide to
disease progression. However, we stress that video assessments should be used as a guide
to determine if the boy with DMD has lost or maintained function rather than used as a
true determinant of ability. The authors at this stage would not recommend for this study
to be used for research trials.

One aspect of the study not considered, but important, is the parents” appreciation
of their sons’ assessments. The video assessment reassured them that their sons were still
being reviewed and gave them opportunity to discuss any concerns. The familiarity of both
the boys and their parents with the physiotherapists helped with the NSAA assessments
and allowed for an open discussion and a relaxed atmosphere, even when one or two of the
boys were being a little ‘difficult’ and coaxing was required to get best performance. Work
by Greenhalgh [23] and colleagues found that virtual clinics worked well when the patient
knew the clinician. This was certainly the case with our cohort of patients and therefore it
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would be advised that video consultations should only be held with patients well known
to the neuromuscular service.

The next step will be a comparison of face-to-face in-clinic NSAA to the video as-
sessments to assess its accuracy, which will add further evidence to the usefulness of the
video assessments as a means of keeping track of disease progression, allow more frequent
assessments if required and save some families long difficult journeys.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/children9050728 /s1. Supplementary S1. Consent form for pa-
tients. Supplementary S2. North Star Ambulatory Score. Supplementary S3. Preassessment patient
information. Supplementary S4. Approval of study by institution.

Author Contributions: Study conception and design: N.E. and T.W.; acquisition of data: N.E. and
K.S; analysis and interpretation of data: N.E., TW.,, . HK. and R K.; drafting of manuscript: N.E. and
R.K,; critical revision: TW., RK., N.E. and J.H.K. All authors have read and agreed to the published
version of the manuscript.

Funding: We received no external or internal funding.

Institutional Review Board Statement: Permission for the study was obtained from clinical gover-
nance department of Robert Jones and Agnes Hunt OrthopaedicHospital (Supplementary S4).

Informed Consent Statement: Informed consent was obtained from all patients. The details of
consent are attached in Supplementary S1.

Data Availability Statement: SPSS software package.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Mendell, J.R.; Lloyd-Puryear, M. Report of MDA muscle disease symposium on newborn screening for Duchenne muscular
dystrophy. Muscle Nerve 2013, 48, 21-26. [CrossRef] [PubMed]

2. Moat, S,; Bradley, D.; Salmon, R.; Clarke, A.; Hartley, L. Newborn bloodspot screening for Duchenne Muscular Dystrophy:
21 years-experience in Wales (UK). Eur. |. Hum. Genet. 2013, 21, 1049-1053. [CrossRef] [PubMed]

3. Van Ruiten, HJ.A,; Straub, V.; Bushby, K.; Guglieri, M. Improving recognition of Duchenne muscular dystrophy: A retrospective
case note review. Arch. Did. Child. 2014, 99, 1074-1077. [CrossRef] [PubMed]

4. Birnkrant, D.J.; Bushby, K.; Bann, C.M.; Apkon, S.D.; Blackwell, A.; Brumbaugh, D.; Case, L.E.; Clemens, P.R.; Hadjiyannakis, S.;
Pandya, S.; et al. DMD Care Considerations Working Group.et al. Diagnosis and management of Duchenne muscular dystrophy,
part 1: Diagnosis, and neuromuscular, rehabilitation, endocrine, and gastrointestinal and nutritional management. Lancet Neurol.
2018, 17, 251-267. [CrossRef]

5. Zambon, A.A,; Gupta, V.A.; Ridout, D.; Manzur, A.Y.; Baranello, G.; Trucco, E; Muntoni, F. The UK Northstar Clinical Network.
Peak functional ability and age at loss of ambulation in Duchenne muscular dystrophy. Dev. Med. Child. Neurol. 2022, 1-10.

6. Mayhew, A.; Cano, S.; Scott, E.; Eagle, M.; Bushby, K.; Manzur, A.; Muntoni, F. North Star Clinical Network for Neuromuscular
Disease. Detecting meaningful change using the North Star Ambulatory Assessment in Duchenne muscular dystrophy. Develop.
Med. Child. Neurol. 2013, 55, 1046-1052. [CrossRef]

7. Mazzone, E.S.; Messina, S.; Vasco, G. Reliability of the North Star Ambulatory Assessment in a multicentric setting. Neuromuscul.
Disord. 2009, 19, 458-461. [CrossRef]

8. Mayhew, A.; Cano, S.; Scott, E.; Eagle, M.; Bushby, K.; Muntoni, F. North Star Clinical Network for Neuromuscular Disease.
Moving towards a meaningful measurement: Rasch analysis of the North Star Ambulatory Assessment in Duchenne muscular
dystrophy. Dev. Med. Child. Neurol. 2011, 53, 535-542. [CrossRef]

9.  Scott, E.; Eagle, M.; Mayhew, A.; Freeman, J.; Main, M.; Sheehan, J.; Manzur, A.; Muntoni, F. North Star Clinical Network for
Paediatric Neuromuscular Disease. Development of functional assessment scale for ambulatory boys with Duchenne muscular
dystrophy. Physiother. Res. Int. 2012, 17, 101-109. [CrossRef]

10. O’Dawd, A. NHS waiting lists hits 14 year record high of 4.7 million people. BM] 2021, 373, n995. [CrossRef]

11.  Stoyce, G.; Warner, M.; Zaranko, B. Could NHS waiting lists really hit 13 million? Inst. Fisc. Stud. 2021.

12.  Haleem, A.; Javaid, M.; Singh, R.P; Suman, R. Telemedicine for healthcare: Capabilities, features, barriers and applications. Sens.
Int. 2021, 2, 100117. [CrossRef] [PubMed]

13.  Williams, K.; Davidson, I.; Rance, M.; Buesch, K.; Acaster, S. Qualitative study on the impact of caring for an ambulatory
individual with nonsense mutation Duchenne muscular dystrophy. J. Pat. Rep. Outcomes 2021, 5, 71. [CrossRef] [PubMed]

14. Roth, PL.; Switzer III, ES.; Switzer, D.M. Missing data in multiple item scales: A Monte Carlo analysis of missing data techniques.

Organ. Res. Methods 1999, 2, 211-232. [CrossRef]


https://www.mdpi.com/article/10.3390/children9050728/s1
https://www.mdpi.com/article/10.3390/children9050728/s1
http://doi.org/10.1002/mus.23810
http://www.ncbi.nlm.nih.gov/pubmed/23716304
http://doi.org/10.1038/ejhg.2012.301
http://www.ncbi.nlm.nih.gov/pubmed/23340516
http://doi.org/10.1136/archdischild-2014-306366
http://www.ncbi.nlm.nih.gov/pubmed/25187493
http://doi.org/10.1016/S1474-4422(18)30024-3
http://doi.org/10.1111/dmcn.12220
http://doi.org/10.1016/j.nmd.2009.06.368
http://doi.org/10.1111/j.1469-8749.2011.03939.x
http://doi.org/10.1002/pri.520
http://doi.org/10.1136/bmj.n995
http://doi.org/10.1016/j.sintl.2021.100117
http://www.ncbi.nlm.nih.gov/pubmed/34806053
http://doi.org/10.1186/s41687-021-00344-8
http://www.ncbi.nlm.nih.gov/pubmed/34374872
http://doi.org/10.1177/109442819923001

Children 2022, 9, 728 10 of 10

15.

16.
17.

18.

19.

20.

21.

22.

23.

Hawthorne, G.; Elliott, P. Imputing cross-sectional missing data: Comparison of common techniques. Aust. N. Z. |. Psychiatry
2005, 39, 583-590. [CrossRef]

Hertzog, M.A. Considerations in determining sample size for pilot studies. Res. Nurs. Health 2008, 31, 180-191. [CrossRef]
Bédard, M.; Martin, N.J.; Krueger, P.; Brazil, K. Assessing reproducibility of data obtained with instruments based on continuous
measurements. Exp. Aging Res. 2000, 26, 353-365.

Shoukri, M.M.; Asyali, M.H.; Donner, A. Sample size requirements for the design of reliability study: Review and new results.
Stat. Methods Med. Res. 2004, 13, 251-271. [CrossRef]

Pullenayegum, E.M.; Lim, L.S. Longitudinal data subject to irregular observation: A review of methods with a focus on visit
processes, assumptions, and study design. Stat. Methods Med. Res. 2016, 25, 2992-3014. [CrossRef]

Vigotsky, A.D.; Schoenfeld, B.J.; Than, C.; Brown, ].M. Methods matter: The relationship between strength and hypertrophy
depends on methods of measurement and analysis. Peer] 2018, 6, e5071. [CrossRef]

Mazzone, E.; Vasco, G.; Somani, M.P,; Torrente, Y.; Berardinelli, A.; Messina, S.; D’Amico, A.; Doglio, L.; Politano, L.; Cavallaro, E;
et al. Functional changes in Duchenne muscular dystrophy: A 12 month longitudinal cohort study. Neurology 2011, 77, 250-256.
[CrossRef] [PubMed]

Mazzone, E.; Pane, M.; Sormani, M.; Scalise, R.; Berardinelli, A.; Messina, S.; Torrente, Y.; D’Amico, A.; Doglio, L.; Viggiano, E.;
et al. 24 month longitudinal data in Ambulant boys with Duchenne Muscular Dystrophy. PLoS ONE 2013, 8, €52512. [CrossRef]
Greenhalgh, T.; Wherton, J.; Papoutsi, C.; Lynch, J.; Hughes, G.; A’Court, C.; Hinder, S.; Fahy, N.; Proctor, R.; Shaw, S. Beyond
adoption: A new framework for theorising and evaluating non-adoption, abandonment, and challenges to the scale-up, spread,
and sustainability of health and care technologies. |. Med. Internet Res. 2017, 19, e367. [CrossRef] [PubMed]


http://doi.org/10.1080/j.1440-1614.2005.01630.x
http://doi.org/10.1002/nur.20247
http://doi.org/10.1191/0962280204sm365ra
http://doi.org/10.1177/0962280214536537
http://doi.org/10.7717/peerj.5071
http://doi.org/10.1212/WNL.0b013e318225ab2e
http://www.ncbi.nlm.nih.gov/pubmed/21734183
http://doi.org/10.1371/annotation/cbe611fe-cda9-4d98-9574-0ac18e109daa
http://doi.org/10.2196/jmir.8775
http://www.ncbi.nlm.nih.gov/pubmed/29092808

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

