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Abstract
The Performance of Upper Limb (PUL) test was specifically developed for the assessment of upper limbs in Duchenne muscular
dystrophy (DMD). The first published data have shown that early signs of involvement can also be found in ambulant DMD
boys. The aim of this longitudinal Italian multicentric study was to evaluate the correlation between the 6 Minute Walk Test
(6MWT) and the PUL in ambulant DMD boys. Both 6MWT and PUL were administered to 164 ambulant DMD boys of age
between 5.0 and 16.17 years (mean 8.82).
The 6 minute walk distance (6MWD) ranged between 118 and 557 (mean: 376.38, SD: 90.59). The PUL total scores ranged
between 52 and 74 (mean: 70.74, SD: 4.66). The correlation between the two measures was 0.499.
The scores on the PUL largely reflect the overall impairment observed on the 6MWT but the correlation was not linear. The use
of the PUL appeared to be less relevant in the very strong patients with 6MWD above 400 meters, who, with few exceptions had
near full scores. In patients with lower 6MWD the severity of upper limb involvement was more variable and could not always be
predicted by the 6MWD value or by the use of steroids.
Our results confirm that upper limb involvement can already be found in DMD boys even in the ambulant phase.
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Introduction
The 6-minute walk test (6MWT) has been recently chosen as the primary outcome measure in several international multicentric
clinical trials in Duchenne muscular dystrophy (DMD). Its reliability in a multicentric setting and natural history data have recently
been reported by several groups1,2,3,4,5,6,7,8 . In the last few years there has been increasing attention to the assessment of
upper limb function9 , as it is not captured by the most commonly used motor functional scales, such as the North Star
Ambulatory Assessment (NSAA), that mainly focuses on gross motor activities. The Performance of Upper Limb (PUL) is a
measure of upper limb function specifically developed for DMD10 . The PUL provides both a total score and subscores for the
three domains (shoulder, middle and distal) that in DMD are progressively involved with a proximal to distal gradient.
The first published data have shown that the PUL is suitable for multicentric studies, is reliable and can cover the whole
spectrum of activities from early signs of proximal involvement in young ambulant DMD boys to distal activities in much older
non ambulant DMD boys and adults11 . Although as part of the natural progression of DMD, upper limb weakness generally
occurs at a later stage compared to lower limb involvement, initial signs of upper limb involvement were already detected in
ambulant DMD boys11 . These preliminary findings suggested that the scale is ideal for non ambulant boys and adults who
have lost ambulation and who are therefore unable to perform the 6MWT or the NSAA, but could also be used as an additional
measure in clinical trials in ambulant DMD. Using the PUL in ambulant boys would not only provide additional information on the
involvement of upper limbs but could also allow to follow boys who may lose ambulation during the trial and who could therefore
not be followed using the 6MWT or the NSAA. Little is known of the age when initial signs of upper limb involvement occur and
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of the possible correlation with walking abilities.
The aim of this longitudinal Italian multicentric study was to evaluate the correlation between the 6MWT and the PUL in
ambulant DMD boys.

Methods
The study is part of a longitudinal multicentric cohort project involving 11 tertiary neuromuscular centers in Italy aimed at
assessing outcome measures in DMD. As part of this overall project, DMD boys and young adults have been prospectively
assessed using the 6MWT5,6,7,8 and, in a parallel study performed in the last two years, the PUL11 . In the present study we
retrospectively evaluated data obtained in the all the ambulant DMD boys from the previous studies who had both PUL and
6MWT.
Patients were recruited between September 2012 and March 2014.
Patient inclusion criteria at baseline were: genetically proven DMD diagnosis, patient still ambulant and able to walk
independently for at least 75 meters, no severe or moderate learning difficulties or behavioral problems. Genetic and treatment
information were collected and classified following the criteria used in our previous study7 .All patients attending the 11
participating centers who fulfilled the inclusion criteria were enrolled in the study.
Steroid use and regimen were also noted.
Details of the training for the physiotherapists involved in the study and of the interobserver reliability for PUL and 6MWT among
the centers have already been reported7,8,11,12 .
The data in this study were collected as part of previous published studies on 6MWT and PUL approved by the Ethical
Committee of each center and for which informed written consent was obtained. All clinical investigations were conducted
according to the principles expressed in the Declaration of Helsinki.
The study was approved by the Ethical Committee of each center.
6MWT
6MWT was performed in all DMD ambulant boys older than 5 according to the ATS guidelines13 , modified by having two
examiners, one recording time and distances and one staying close to the patient for safety issues.
PUL
The PUL includes 22 items with an entry item to define the starting functional level, and 21 items subdivided into shoulder level
(4 items), middle level (9 items) and distal level (8 items) dimension10 . For weaker patients a low score on the entry item
means high level items do not need to be performed. Scoring options vary across the scale between 0-1 to 0-6 according to
performance. Each dimension can be scored separately with a maximum score of 16 for the shoulder level, 34 for the middle
level, and 24 for the distal level11 . A total score can be achieved by adding the three level scores (max total score 74).
Although this was not a prospective study and there was no design of the timing of the test, as part of our routine 6MWT is
always performed at the end of the rest of the clinical assessment , after the boys have a break.
Summary statistics (N, mean, SD, Range) were used. Correlations were evaluated by the Spearman rank correlation
coefficients.

Results
One hundred and sixty-four boys fulfilled the inclusion criteria performing both measures. Their age ranged between 5.0 and
16.17 (mean 8.82, SD 2.42). One hundred and forty-eight were on steroids and 16 were not.
6MWT
The 6minute walk distance (6MWD) ranged between 118 and 557 (mean: 376.38, SD: 90.59).
PUL
The total scores ranged between 52 and 74 (mean: 70.74, SD: 4.66).
The shoulder domain subscore ranged between 2 and 16 (mean: 13.98, SD: 3.04). The middle domain subscore ranged
between 27 and 34 (mean: 33.43, SD: 1.10). The distal domain subscore ranged between 19 and 24 (mean: 23.60, SD: 0.87).
The correlation between the two measures was 0.499. Figure 1 shows the correlation between 6MWD and PUL total scores in
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the individual boys. Boys with 6MWD above 400 had, with few exceptions scores>70. Between 300 and 400 the scores were
more variable and those below 300 meters rarely had full scores.

Fig. 1: Correlation of 6MWT (in meters) and PUL total scores and subscores in the three main domains.

Discussion
The results of this study confirm that involvement of upper limb function can already be found in ambulant DMD boys11 . Not
surprisingly the first signs of involvement are related to the shoulder domain with a % of patients not able to perform antigravity
shoulder abduction and flexion movements, such as bringing the hand or progressive weights at shoulder or eye level by the
side or in front. Because of the proximal to distal gradient of progression of upper limb involvement we observed less changes in
the elbow or distal domain that are classically more involved after boys lose ambulation.
When we correlated the PUL with the 6MWT, we found that the correlation was not linear as patients at the stronger end of the
spectrum on the 6MWT tended to plateau with full or near full PUL total scores (70 to 74 out of 74). Over 95% of the boys who
were able to walk over 400 meters on the 6MWT had total scores between 70 and 74 with over 85 % having scores>72. None
of them had scores below 12/16 in the shoulder domain and, with few exceptions they all had full scores on middle and distal
domains. These finding confirm that the value of 400 meters, that has recently been used in clinical trials as a cutoff point to
identify patients who are unlikely to deteriorate in a short time span, can also identify DMD boys who are at the strong end of the
spectrum in regard to upper limb function. In these patients the PUL has a more limited value but its use in longitudinal studies
can help to establish the trajectories of changes over time.
Boys with 6MWD between 300 and 400 meters showed a wider range of PUL total scores and not necessarily correlated with
the decreasing distance on the 6MWT. Approximately 40% of them had PUL total scores < 70, mainly due to involvement of the
shoulder domain. In a few cases, the scores were lower than 60, showing that even in this relatively good range of 6MWT some
boys already had early signs of middle and distal involvement. Although we did not aim to systematically assess the effect of
steroids on PUL as this will be more accurately assessed in an ongoing longitudinal study, we checked if the variability in the
PUL scores could be justified by possible differences in steroid treatment. This was not the case as all the patients with PUL
total scores below 60 were on steroids and more than half of them on a daily regime.
Not surprisingly, the number of boys with full or near full PUL total scores in the group with 6MWT below 300 meters was much
lower. The lower total scores reflected a higher number of boys who did not have full scores both in the middle and distal
domain.
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In conclusion, our results confirm that upper limb involvement can already be found in DMD boys even in the ambulant phase.
The scores on the PUL largely reflect the overall impairment observed on the 6MWT but the correlation was not linear. The use
of the PUL appears to be less relevant in the very strong patients with 6MWT above 400 meters, that are often excluded from
clinical trials. In patients with lower 6MWT early signs of involvement are not only limited to shoulder involvement but also, in
some cases, to the loss of the ability to fully perform some activities in the middle and distal domain. The severity of upper limb
involvement was variable and could not always be predicted by the overall weakness and fatigability measured by the 6MWT or
by the use of steroids. The concomitant use of the PUL appears to be even more relevant in the patients with 6MWT results
below 350 meters, and especially in those below 230 meters who are more likely to lose ambulation within two years6 . In these
boys the PUL will provide the possibility to monitor possible functional changes also during and after loss of ambulation.
Longitudinal studies are in process in both ambulant and non ambulant DMD boys and adults in order to better understand the
changes of the PUL scores over time and the possible effect of different variables, such as age and steroids on the progression
of upper limb involvement.
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