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a b s t r a c t 

Duchenne muscular dystrophy (DMD) is a neuromuscular condition characterized by muscle weakness. 

The Performance of upper limb (PUL) test is designed to evaluate upper limb function in DMD patients 

across three domains. The aim of this study is to identify frequently lost or gained PUL 2.0 abilities 

at distinct functional stages in DMD patients. This retrospective study analyzed prospectively collected 

data on 24-month PUL 2.0 changes related to ambulatory function. Ambulant patients were categorized 

based on initial 6MWT distance, non-ambulant patients by time since ambulation loss. Each PUL 2.0 

item was classified as shift up, no change, or shift down. The study’s cohort incuded 274 patients, with 

626 paired evaluations at the 24-month mark. Among these, 55.1 % had activity loss, while 29.1 % had 

gains. Ambulant patients showed the lowest loss rates, mainly in the shoulder domain. The highest loss 

rate was in the shoulder domain in the transitioning subgroup and in elbow and distal domains in the 
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. Introduction 

Duchenne muscular dystrophy (DMD) is an X-linked 

euromuscular disease that affects around 1 in 3600 live male 

irths [1] . As part of the disease course, there is a progressive 

eduction of strength, function, resulting in loss of ambulation 

nd upper limb function [ 1 , 2 ]. Increasing attention has been 

aid to outcome measures that can assess function across the 

pectrum of functional abilities, from ambulant to non-ambulant 

3–8] . One such outcome is the Performance of upper limb (PUL) 

est developed by the international Performance of the upper 

imb Working Group in 2013 to evaluate upper limb function 

n ambulant and non-ambulant DMD patients [ 9 , 10 ]. The test 

easures functional abilities in three domains (shoulder, elbow, 

nd distal) and the original version, PUL 1.2, has undergone recent 

evision. The new version, PUL 2.0, simplifies the scoring system 

n the basis of Rasch analysis showing the redundancy of some 

ntermediate scores [11] . At variance with the first version of 

he PUL in which items had a scoring from 0 to 5, in the PUL

.0 the items receive a score of 0, 1, or 2, with the exception 

f 1 item scored as 0 and 1. The PUL 2.0 is designed to provide

 more hierarchical response system for individual items and 

s increasingly been used in clinical trials and natural history 

tudies [12–15] . The new three-point scoring system has also the 

dvantage of facilitating the possibility to perform shift analysis 

hat has recently been increasingly used to determine meaningful 

hanges in motor function outcome measures for neuromuscular 

isorders [16–18] . 

Over the last few years there has been increasing attention 

o the use of an alternative methods for assessing gain or loss 

f functional abilities by using shift analysis that categorise the 

hanges into a binary system (changes from being unable to 

e able to perform the task with or without compensations, or 

iceversa). In DMD this analysis has mainly been applied for the 

orth Star Ambulatory assessment (NSAA) [17] and has also been 

sed as an exploratory measure in several clinical trials showing 

hat stratifying patients by their ability to perform or not an 

ndividual activity is an alternative effective method of detecting 

hanges in response to an intervention [ 18 , 19 ]. 

The primary objective of this paper is to describe how often 

ndividual PUL 2.0 abilities are lost or gained by using the shift 

nalysis in DMD patients with different functional levels. 

. Materials and methods 

The retrospective study was performed by prospectively 

ollecting de-identified data from the Italian DMD study group, 

hat includes 15 national centres (Catholic University, IRCCS, 

ome; Centro Clinico Nemo, University of Milano, Milan; IRCCS 

ugenio Medea Bosisio-Parini, Bosisio-Parini; IRCCS Istituto 

iannina Gaslini, IRCCS, Genoa; University of Messina, Messina; 

RCCS Ospedale San Raffaele, Milan; Fondazione IRCCS Istituto 

eurologico Besta, Milan; Fondazione IRCCS Ca’ Granda - Ospedale 

aggiore Policlinico, Milan; Luigi Vanvitelli University and 

niversity Hospital, Naples; Ospedale Bambino Gesù IRCCS, Rome; 

niversity of Padua, Padua; Istituto Mondino, Pavia; University 

f Turin, Turin; Neuromuscular Pediatric Unit, IRCCS Istituto 

elle Scienze Neurologiche di Bologna, Bologna; Department of 
76
r ambulant patients demonstrated multiple gains, whereas in the other

re fewer gains, mostly tied to singular activities. Our findings highlight

rogression, partly linked to functional status and baseline function. 

© 2023 The Author(s). Published by Elsevier B.V. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

evelopmental Neuroscience, IRCCS Stella Maris, Pisa) . The study 

ncluded data collected between November 2011 and February 

022. 

Individuals with genetically confirmed Duchenne Muscular 

ystrophy and a minimum of three assessments, at one- 

ear intervals were eligible for enrolment, irrespective of their 

mbulatory status. Following the methodology described in our 

revious study [20] , ambulatory status was defined according to 

he functional status recorded at baseline and during the 24 

onths of the study. DMD individuals were defined as ambulant if 

hey maintained ambulation throughout the 24 months. Ambulant 

atients were further subdivided according to meters walked on 

he 6MWT at baseline ( > 350, < 350, < 250). Loss of ambulation 

as defined as the inability of the patient to walk 10 m 

ndependently. Patients who were ambulant at baseline but lost 

mbulation during the duration of the study (24 months) were 

efined as transitioning patients. Patients who were already non 

mbulant at baseline were subdivided as follow: patients losing 

mbulation within 12 months of baseline, patients who lost 

mbulation between 12 and 24 months of baseline, patients who 

ost ambulation between 2 and 5 years of baseline, patients who 

ost ambulation more than 5 years before baseline. 

The analysis was conducted solely on anonymous and de- 

dentified data. Clinical investigations adhered to the Declaration 

f Helsinki principles, and written informed consent, approved 

y institutional review boards, was obtained from all participants 

r their guardians in accordance with ethical requirements. The 

oordinating center IRB protocol number is 0024731/22. 

.1. PUL 2.0 

The primary objective of the PUL 2.0 is to evaluate upper 

imb performance of those with DMD. It is a functional scale that 

ncludes an initial entry item to establish overall upper limb level 

f function and 22 scorable items. These 22 items are further 

ubdivided into three domains: shoulder level (6 items, maximum 

core of 12), elbow (9 items, maximum score of 17), and distal 

evel (7 items, maximum score of 13) [11] . Each domain can be 

cored separately - shoulder, elbow, and distal. The total score can 

e obtained by summing up the three domain scores, with the 

aximum global score being 42. Details of the reliability studies 

nd training sessions in both the original PUL version (with an ICC 

f 0.96) and the PUL 2.0 (with a Person Separation Index of 0.95) 

ave already been reported [ 9 , 11 ]. For this study all evaluators

nderwent training sessions that yielded a comparable degree 

f agreement [12] . The PUL 2.0 scoresheet and manual can be 

btained from www.opentact.org . 

.2. Statistical analysis 

The assessment of gain and losses using the shift analysis was 

erformed taking into consideration pairs of PUL2.0 assessments 

4 months apart in patients with different ambulatory status. Each 

tem of the scale was classified as follows: 

• Shift up (gain of function): item scores increased from 0 to 

either 1 or 2; 
• No change: item scores remained the same or had changes 

between 1 and 2 or vice-versa; 

http://creativecommons.org/licenses/by/4.0/
http://www.opentact.org
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Table 1 

Patients’ characteristics at baseline. 

All assessments ( n = 626) 

Age (Mean (SD)) 12.1 (5.74) 

Total PUL 2.0 (Mean (SD)) 31.0 (11.7) 

Shoulder PUL 2.0 (Mean (SD)) 6.96 (4.89) 

Elbow PUL 2.0 (Mean (SD)) 12.8 (5.55) 

Distal PUL 2.0 (Mean (SD)) 11.3 (2.20) 

Ambulant (N) 373 

> 350mt (N) 

Transitioning (N (%)) 

225 

5 (2.22 %) 

< 350mt 

Transitioning (N (%)) 

101 

32 (31.7 %) 

< 250mt 

Transitioning (N (%)) 

47 

41 (87.23 %) 

Non ambulant 253 

< 12 months (N) 65 

< 24 months (N) 31 

< 5 years (N) 70 

> 5 years (N) 87 

a

a

3

o

a  

7

a

3

2

F

a

• Shift down (loss of function): item scores decreased from 1 or 

2 to 0. 

Frequency of item distribution and loss progression was 

alculated on each item/domain 

As the aim of this paper was to assess gains and losses 

n the PUL 2.0 by using the shift analysis in each level of 

mbulatory status, to maximise participant populations, when 

atients had multiple assessments performed at different ages and 

ifferent functional status, each paired assessment was considered 

ccording to the ambulatory status at the time the assessments 

ere performed. Therefore, as performed in previous similar 

tudies, every participant’s assessment could act as a baseline and 

ssessments from patients with a longer follow-up and different 

mbulatory status overtime were independently represented in 

ach subgroup [ 16 , 17 ]. 

Patients in whom one of the two performances was reported 

s not being reliable by the evaluators, due to transient pain, 

ractures, recent pneumonia, or other infections, intercurrent 

urgery, or any other factor that affected temporarily one of the 

wo assessments, were excluded from the analysis. Data from 

atients participating in clinical trials or open-label studies on 

nvestigational drugs were also excluded. Missing data lead to the 

xclusion of the entire assessment, meaning that no interpolation 

t an item-level or assessment at 12/24 month was performed if 

issing data was present. 

Quantitative variables were described using the following 

easures: minimum, maximum, range, mean and standard 

eviation. 

. Results 

The cohort included 626 24-month paired assessments from 

74 patients who had at least three assessments at yearly intervals. 

able 1 shows patients’ characteristics at baseline. 
ig. 1. Mean (SD) number of activities lost or gained at 24-months based on total PUL

mbulant (bottom row). Key to figure: Red = mean number of activities lost, Light blue = 

77
Details of how frequently individual items were already scored 

s “not able” (score 0) at baseline in relation to ambulatory status 

re shown in Table 2 and S1 table. 

.1. Shift analysis 

From baseline to 24 month follow up, there was a loss of one 

r more activities in 345 of the 626 paired assessments (55.1 %) 

nd a gain of one or more activities in 182 of the 626 (29.1 %). In

9 of the 626 assessments (12.61 %) there were concomitant gains 

nd losses. 

.1.1. 24-month shift of total scores and PUL2.0 scores at baseline 

Fig. 1 shows the mean number of activities lost or gained over 

4 months based on total PUL 2.0 score at baseline. S1 Fig shows 
 2.0 score at baseline in ambulant (top row), transitioning (middle row) and non 

mean number of activities gained. 
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Table 2 

Frequency distribution of patients “not able” to perform PUL 2.0 items (score = 0) by ambulatory status at baseline. The shaded cells indicate increasing number 

of patients not performing the item. 

t

o

3

e

i

r

d

m

a

F

o

he mean number of activities lost or gained over 24 months based 

n the PUL 2.0 entry item. 

.1.2. Shift of total scores and ambulatory status: individual items 

We evaluated gains and losses through shift analysis by 

xamining pairs of PUL2.0 assessments separated by 24 months 
ig. 2. Details of the frequency analysis at 12-month and 24-month change from baseline

n the left side represent% of negative shifts (2- > 0 or 1- > 0). Green columns on the right

78
n patients with varying ambulatory statuses. Fig. 2 displays the 

esults of the frequency analysis, depicting the individual item 

etails that shifted up, down, or remained stable after 12 or 24 

onths, categorized by ambulatory status (ambulant, transitioning 

nd non ambulant). 
 for individual items subdivided by ambulatory status. Key to figure: Red columns 

 side represent% of positive shifts (0- > 2 or 0- > 1). 
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Fig. 3. Details of the frequency analysis on the number of activities lost or gained for the shoulder domain subdivided by ambulatory status. Key to figure: Panel A and B: 

Percentage of number of activities lost at 12 (A) and at 24 months (B) after baseline. Panel C and D: Percentage of number of activities gained at 12 (C) and at 24 months (D) 

after baseline. Colour coding: Light red: 1 activity lost; mild red: 2 activities lost; dark red: > 2 activities lost, Light green: 1 activity gained; mild green: 2 activities gained; 

dark green: > 2 activities gained. 
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S2 Fig provides additional details of the results subdividing 

he ambulant cohort according to meters walked on the 6MWT 

t baseline ( > 350, < 350, < 250) and the non ambulant cohort 

ccording to the length of time from loss of ambulation (A) and 

ccording to PUL 2.0 entry item (B). 

.1.3. Shift analysis in the individual PUL 2.0 domains 

In the examination of the shoulder domain within PUL 2.0, 

hich consists of 6 items with a total score of 12, we conducted 

 detailed analysis to determine the number of activities gained 

r lost. To provide a nuanced understanding, we categorized the 

osses into those involving a single activity and those involving 

wo ore more activities. The percentage of activities lost at both 

2 and 24 months post-baseline was calculated. Fig. 3 illustrates 

he outcomes, with panels a and b depicting the loss of shoulder 

ctivities, and panels c and d illustrating the gain of such activities 

t 12 and 24 months, respectively. 

In the examination of the elbow domain within PUL 2.0, which 

onsists of 9 items with a total score of 17, we conducted a 

etailed analysis to determine the number of activities gained 

r lost. As done in the shoulder domain, we categorized the 

osses into those involving a single activity and those involving 

wo ore more activities. The percentage of activities lost at both 

2 and 24 months post-baseline was calculated. Fig. 4 illustrates 

he outcomes, with panels a and b depicting the loss of elbow 

ctivities, and panels c and d illustrating the gain of such activities 

t 12 and 24 months, respectively. 

In the examination of the distal domain within PUL 2.0, which 

onsists of 9 items with a total score of 13, we conducted a 

etailed analysis to determine the number of activities gained 

r lost. As done in the previous domains, we categorized the 

osses into those involving a single activity and those involving 

wo ore more activities. The percentage of activities lost at both 

2 and 24 months post-baseline was calculated. Fig. 5 illustrates 
79
he outcomes, with panels a and b depicting the loss of elbow 

ctivities, and panels c and d illustrating the gain of such activities 

t 12 and 24 months, respectively. 

. Discussion 

Over the last few years the PUL has been increasingly used 

n clinical trials to assess upper limb function across different 

tages of function in DMD and as the primary measure in studies 

n non ambulant patients. As the currently used version of 

he scale, PUL 2.0, is relatively recent, the number of natural 

istory studies reporting changes over time is limited. We recently 

eported longitudinal data in a large cohort of DMD boys and 

oung adults assessing changes in the raw scores over 12 and 24 

onths[12]. In this paper we report the use of the shift analysis, 

 method assessing how frequently abilities are lost or gained 

hat is increasingly used in clinical trials and that has recently 

een applied to other functional scales in DMD [17] and SMA [16] . 

hile the use of a simplified scoring system with a reduction 

f the number of scoring options decreases the possibility to 

etect changes and the sensitivity of the scale, the application 

f Rasch analysis clearly shows that this is not the case and 

hat the simplified scoring system increases the reliability and 

he consistency of the scale. This approach is also supported 

y surveys performed in patients and parents who report to 

e more interested that an activity is performed irrespective of 

hether this is performed with (score 1) or without compensation 

score 2). 

The shift analysis confirmed the decline in upper limb function 

eported when analysing the changes of total and domain 

aw scores over time, providing additional information on the 

atterns of shift changes related to functional status and disease 

rogression [ 11–13 , 20 ]. 
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Fig. 4. Details of the frequency analysis on the number of activities lost or gained for the elbow domain subdivided by ambulatory status. Key to figure: Panel A and B: 

Percentage of number of activities lost at 12 (A) and at 24 months (B) after baseline. Panel C and D: Percentage of number of activities gained at 12 (C) and at 24 months (D) 

after baseline. Colour coding: Light red: 1 activity lost; mild red: 2 activities lost; dark red: > 2 activities lost, Light green: 1 activity gained; mild green: 2 activities gained; 

dark green: > 2 activities gained. 

Fig. 5. Details of the frequency analysis on the number of activities lost or gained for the distal domain subdivided by ambulatory status. Key to figure: Panel A and B: 

Percentage of number of activities lost at 12 (A) and at 24 months (B) after baseline. Panel C and D: Percentage of number of activities gained at 12 (C) and at 24 months 

(D) after baseline. Colour coding: Light red: 1 activity lost; mild red: 2 activities lost; dark red: > 2 activities lost, Light green: 1 activity gained; mild green: 2 activities 

gained; dark green: > 2 activities gained. 

80
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Ambulant patients had the lowest rate of loss (shift down) 

nd changes were mainly related to shoulder domain (17 % at 12 

onths and < 30 % at 24 months) with decreasing percentage of 

oss in elbow and distal domain. The highest rate of loss (shift 

own) in the shoulder domain was observed in the transitioning 

ubgroup confirming previous observations that shoulder activities 

re rapidly lost at the time of loss of ambulation and in the 

ollowing year. The transitioning subgroup also showed a relatively 

igh risk of loss in the elbow domain with relatively preserved 

istal domain. 

The risk of losing elbow activities was highest in the non- 

mbulatory subgroup, especially in those who had lost ambulation 

ithin a few years as most of those with longer loss of ambulation 

ad already lost elbow scores at baseline. Not surprisingly the 

on ambulant subgroup also had the highest rate of loss in 

he distal domain. It is of interest that even if we included 

ssessments from patients who had lost ambulation for more than 

 years, the changes in the distal domain were relatively low. 

hese findings confirm previous observations from clinical and MRI 

tudies that the progression in the distal domain is slower than 

n the other domains and that the PUL 2.0 appears to have a 

imited value in detecting 12 or 24 month changes in this subgroup 

13] . 

The analysis of the shift at 12 and 24 months did not show 

 specific pattern of individual items that were more often 

ffected suggesting that the progression within these 2 domains is 

ariable. 

Analysing possible patterns of associations with multiple shifts 

own, the great majority of the individual assessments had loss in 

ne item only with no obvious cluster of items, with the exception 

f the transitioning subgroup which showed the highest number 

f multiple losses especially in the shoulder domain where there 

as concomitant loss in the 6 activities included. 

These findings emphasize the importance of monitoring upper 

imb function in DMD patients, particularly during transition from 

mbulatory to non ambulatory stage [20] . 

In non ambulant individuals the possibility to detect multiple 

tem loss was limited by the fact that many items already had a 

core of 0 at baseline. 

The analysis of the gains of activities also showed some 

ariability across the domains. Not surprisingly most of the gains 

ccurred in the younger ambulant patients as part of the variability 

lready reported in the changes using the PUL total score. The 

ains observed in the other functional subgroups were fewer 

nd mainly isolated to one activity. These findings suggest that 

espite the shift analysis is likely to reduce the possibility of 

uctuations between PUL scores of 2 and 1, i.e. the ability to 

erform a task with or without compensation, some fluctuations 

ay still occur even with a simplified scoring system. These 

ere however relatively infrequent, isolated to individual items, 

nd were often found in individuals with borderline cognitive or 

ehavioural issues and variable compliance. 

In conclusion, our findings confirm that even when using the 

hift analysis, the progression of changes observed in the different 

pper limb domains is different in individuals with different 

unctional status and baseline function. 

The use of such a method providing a measure of the ability 

o maintaining functional abilities will help to better contextualize 

he possible clinical relevance of the changes in response to 

ntervention. 
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