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Abstract
Objective To evaluate the 5-year change in respiratory function in patients with facioscapulohumeral muscular dystrophy 
(FSHD).
Methods Genetically confirmed patients with FSHD aged ≥ 18 years were examined twice over five years. Forced vital 
capacity (FVC) and forced expiratory volume in 1 s (FEV1) were measured using hand-held spirometry with a face mask. 
Several clinical outcome measures were correlated to respiratory function.
Results Ninety-two patients were included (57% male, age 18–75 years). At baseline, the spirometry outcomes of 41 patients 
showed a restrictive ventilatory pattern (FVC < 80% and FEV1/FVC ≥ 70% of predicted) and of 48 patients at follow-up. The 
mean FVC decreased from baseline to follow-up from 79.0 to 76.7% predicted (p = 0.021). This decrease was driven by a 
subgroup of 15 patients who had a deterioration of FVC of > 10% predicted. The subgroup of 15 patients was more severely 
affected at baseline (p = 0.002 for FSHD clinical score and 0.007 for Ricci score). They developed more frequently spinal and 
thorax deformities (p < 0.001 for kyphoscoliosis and 0.012 for pectus excavatum) and had a larger decline in axial muscle 
function (p = 0.020). Only weak correlations were found between the change in FVC% predicted and the change in clinical 
scores between baseline and follow-up.
Interpretation Respiratory function remained stable in most patients with FSHD, but a subgroup of patients showed a pro-
nounced deterioration. They showed more severe muscle weakness including the leg muscles at baseline (Ricci score ≥ 6), 
had spinal and thorax deformities and a relatively fast decline in axial muscle function at follow-up.
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Introduction

Facioscapulohumeral muscular dystrophy (FSHD) is a 
slowly progressive, inherited muscle disorder and is one of 
the most prevalent muscular dystrophies [1]. The muscles 
of the face and shoulder girdle are asymmetrically affected, 
followed by trunk, pelvic girdle and lower limb muscles [2].

A less prominent feature of FSHD is respiratory function 
impairment. Approximately 1% of the FSHD population has 
respiratory insufficiency requiring chronic non-invasive ven-
tilation [3]. However, the proportion of patients with FSHD 
that have a mild restrictive ventilatory pattern is larger and 
ranges from 10 to 39% [4–7]. In FSHD, a restrictive ventila-
tory pattern is caused by weakness of the expiratory abdomi-
nal muscles [8], sometimes of the diaphragm, and by chest 
wall deformities [3, 5, 9, 10].
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Currently, the evidence-based guideline on FSHD advises 
to examine baseline respiratory function in all patients 
with FSHD and monitor patients regularly if they show an 
impaired baseline respiratory function or in case of any com-
bination of severe proximal weakness, wheelchair depend-
ence, (kypho-)scoliosis or comorbid conditions that may 
affect ventilation [7]. Longitudinal data on the decrease of 
respiratory function in FSHD, necessary to optimize patient 
management, are scarce. One study described a mean 
decline of FVC of 3.6% predicted per year in ten patients 
[5]. Considering the retrospective design and that all patients 
were assigned to the ‘severe respiratory involvement group’, 
defined as patients with FVC < 50%, this study does not pro-
vide sufficient information about the decrease of respiratory 
function in FSHD in general. To expand this knowledge, 
prospective longitudinal data in a larger and more diverse 
cohort of FSHD patients are needed.

This study aims to assess respiratory function in FSHD 
over long-term follow-up in a large cohort of patients with 
FSHD and to identify patients who are more prone to rapid 
deterioration of respiratory function.

Methods

FSHD‑FOCUS study

The baseline data of genetically confirmed FSHD patients 
aged 18 years and older were collected in a large natural his-
tory study on FSHD (FSHD-FOCUS study) at the Neurol-
ogy department of the Radboud University Medical Center, 
Nijmegen, the Netherlands in 2014 and 2015 [11]. Patients 
who were able to visit the outpatient clinic to undergo res-
piratory function testing were included in this longitudi-
nal study. Approximately five years after the baseline visit 
patients were invited for a follow-up visit. Demographic 
characteristics of all patients were registered. Patients were 
inquired about pulmonary comorbidities and use of chronic 
non-invasive ventilation.

Respiratory function testing

Respiratory function was examined by hand-held spirometry 
(Carefusion Microloop Spirometer, Rochester, England) as 
previously reported [12]. The forced vital capacity (FVC) 
and forced expiratory volume in 1 s  (FEV1) were measured 
in liters. Spirometry was performed in a seated position. 
Patients were instructed to exhale and then take a maximum 
inhalation and exhale with maximum speed and effort. For 
each trial, a facemask was used. After three attempts, the 
best score was recorded. Results were calculated to percent-
age of predicted, based on age, sex and height, using the pre-
diction equations for facemask spirometry [12]. A restrictive 

ventilatory pattern was defined as FVC < 80% predicted and 
a  FEV1/FVC ratio of ≥ 70% predicted [3, 5].

Clinical outcome measures

Manual muscle testing (MMT) was performed using the 
Medical Research Council (MRC) scores for the follow-
ing muscles: neck flexors and extensors, shoulder external 
rotators, shoulder adductors and abductors, elbow flexors 
and extensors, wrist flexors and extensors, hip flexors, hip 
abductors, knee flexors and extensors, foot dorsiflexors and 
plantar flexors. All individual MMT scores were added up 
to calculate a MMT sum score, ranging from 0 to 140, in 
which lower scores indicate more severe muscle weakness.

To assess the subjects’ functional abilities, the Motor 
Function Measure (MFM) was performed. This scale con-
sists of 32 items organized in three dimensions: standing 
position and transfers, axial and limb proximal motor func-
tion and limb distal motor function [13]. In each subject, 
the scored points were calculated as percentage of the total 
amount of points that could be achieved. Additionally a 
‘MFM trunk’ score was calculated by adding up the scores 
of items 1, 2, 7, 8, 10, 13, 14 and 25 of the MFM and was 
displayed as percentage of the maximum amount of points.

The Ricci score was determined to assess clinical severity 
[14]. This scale ranges from 0 to 10, in which 0 indicates 
no muscle weakness and 10 wheelchair dependency. Addi-
tionally the FSHD clinical score was recorded, which is a 
15-point sum score that consists of six independent scores 
of separately evaluated muscle regions: the face, scapular 
girdle, upper limb, pelvic girdle, lower limb and abdominal 
muscles [15]. The presence of spinal deformities, consist-
ing of lumbar hyperlordosis and kyphoscoliosis, and pec-
tus excavatum were examined in each patient. Baseline and 
follow-up measurements were performed by two different 
clinicians (K.M. and S.V.).

Statistical analysis

Data analysis was carried out using IBM SPSS Statistics 
25. Population characteristics and demographics were pre-
sented using descriptive statistics, including mean and stand-
ard deviation and median and interquartile range (IQR). To 
analyze the differences in respiratory function measures and 
clinical outcome measures between baseline and follow-up, 
a paired-samples t test was used for normally distributed 
continuous variables, a Wilcoxon signed-rank test for non-
normally distributed continuous variables and a McNemar’s 
test for dichotomous variables. Spearman's rho correlation 
coefficients (CC) were calculated to demonstrate correla-
tions. To analyze the difference in clinical outcome meas-
ures between two groups of patients, a Mann–Whitney U 
test was used for non-normally distributed continuous data 
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and a Fisher’s Exact test for dichotomous data. Statistical 
significance was defined as p < 0.05.

Results

Patients

At baseline, 164 patients underwent spirometry. Seventy-
two patients were lost to follow-up (deceased n = 4; unwill-
ing to participate n = 27; no spirometry performed during 
follow-up visit due to COVID-19 regulations n = 26, unable 
to visit the Radboud University Medical Center n = 15) and 
subsequently 92 patients (57% male) were included in this 
study. The mean age at baseline was 48.4 years (SD 15.3, 
range 18–75) and disease duration 21.3 years (SD 16.8, 
range 0–59). Eighty-eight of the 92 patients (95.7%) had 
FSHD type 1, with a median D4Z4 repeat array size of 6 
units (range 2–9). Four patients had FSHD type 2 based 
on the combination of hypomethylation of D4Z4 repeat 
array on chromosome 4qA and an SMCHD1 pathogenic 
variant. Further patient characteristics and clinical out-
come measures are listed in Table 1. Mean time until fol-
low-up was 55.9 months (SD 3.0, range 49–63). Of the 92 
patients included in this study, one had chronic obstructive 

pulmonary disease (COPD) and five were previously diag-
nosed with asthma. One patient used chronic non-invasive 
ventilation during baseline and follow-up and one patient 
started using continuous positive airway pressure (CPAP) 
at night between the baseline and follow-up visit.

Baseline respiratory function testing

Baseline respiratory function measures are displayed in 
Table 1. In 41 patients (44.6%), a restrictive ventilatory pat-
tern was present. This group consisted of 40 FSHD1 patients 
and one FSHD2 patient.

Longitudinal respiratory function testing

Overall mean FVC decreased from 79.0% (SD 13.4) to 
76.7% predicted (SD 16.2) (p = 0.021) and mean  FEV1/
FVC increased from 86.3% (SD 10.6) to 89.7% predicted 
(SD 9.2) (p = 0.003) in five years. However, a large vari-
ance was seen in change of respiratory function over time 
(Fig. 1). The change in FVC% predicted between base-
line and follow-up ranged from 33.5% decrease to 23.6% 
increase from baseline. The same is observed in  FEV1/
FVC% predicted: ranging from 29.0% decrease to 40.6% 
increase from baseline. This range of change in FVC% 

Table 1  Respiratory function outcomes and clinical outcome measures at baseline and follow-up

FVC forced vital capacity, FEV1 forced expiratory volume in 1 s, IQR interquartile range, MFM motor function measure, MMT manual muscle 
testing
*p value < 0.05 of the comparison between baseline and follow-up
**p value < 0.01 of the comparison between baseline and follow-up
a p values of the comparison of baseline spirometry results between the groups were 0.997 for FVC, 0.834 for  FEV1 and 0.494 for  FEV1/FVC

Respiratory decline (n = 15) No respiratory decline (n = 77)

Baseline Follow-up Baseline Follow-up

FVC, mean % predicted (SD) 79.0 (19.7)a 61.7 (19.4)** 79.0 (12.0) a 79.6 (13.8)
FEV1, mean % predicted (SD) 70.8 (16.6) a 58.9 (20.3)** 69.9 (14.1) a 72.9 (13.8)**
FEV1/FVC, mean % predicted (SD) 88.1 (8.1) a 92.3 (9.8) 86.0 (11.0) a 89.2 (9.1)*
D4Z4 repeat array size
 2—3, n (%)
 4—6, n (%)
 7—9, n (%)

1 (6.7)
7 (46.6)
7 (46.6)

6 (7.8)
35 (45.5)
32 (41.6)

Ricci score, median (IQR) 7.0 (6.0–8.0) 8.0 (6.0–9.0) 6.0 (3.0–7.0) 6.0 (3.0–8.0)**
FSHD clinical score, median (IQR) 9.0 (7.0–12.0) 11.0 (6.0–13.0) 6.0 (3.0–9.0) 7.0 (3.0–10.0)**
MMT sum score, median (IQR) 106.0 (100.0–120.0) 102.0 (94.0–122.0) 127.0 (111.5–135.0) 125.0 (110.0–135.0)*
MFM trunk score % of total, median (IQR) 87.5 (83.3–91.7) 79.2 (62.5–91.7)** 95.8 (88.5–100.0) 95.8 (80.2–100.0)**
MFM score % of total, median (IQR) 79.2 (62.0–87.0) 62.5 (53.7–84.9)** 94.3 (75.8–99.5) 90.1 (65.9–98.2)**
Spinal deformities
 Lumbar hyperlordosis, n (%)
 Kyphoscoliosis, n (%)

3 (20.0)
0 (0)

3 (20.0)
6 (40.0)*

5 (6.5)
2 (2.6)

12 (15.6)
3 (3.9)

Pectus excavatum, n (%) 2 (13.3) 4 (26.7) 3 (3.9) 3 (3.9)
Use of wheelchair, n (%) 0 (0) 0 (0) 2 (2.6) 5 (6.5)
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predicted in severely affected patients (Ricci score ≥ 7 at 
baseline, n = 35) was − 19.3 to 33.5 and was − 23.6 to 30.5 
in moderately affected patients (Ricci score < 7 at base-
line, n = 57). At follow-up, 48 patients (52.2%) showed a 
restrictive ventilatory pattern.

Fifteen patients had a deterioration of FVC% predicted 
of more than 10%, of which four had a deterioration of 
FVC% predicted of more than 20%. These patients were all 
FSHD type 1 patients and none used a wheelchair at base-
line or follow-up. None of these patients had pulmonary 
comorbidities or used chronic non-invasive ventilation 
prior to this study. The patient who started using CPAP 
had a deterioration of FVC% predicted of more than 20%. 
At baseline, the respiratory function of the patients in this 
subgroup did not differ from the other patients (Table 1). 
The mean age of this subgroup was significantly higher 
than the age of the other patients (56.3 (SD 13.2) years 
vs. 46.8 (SD 15.2) years, p = 0.026). The disease dura-
tion in this subgroup was also significantly longer than 
in the other patients (33.7 (SD 16.9) years vs. 18.9 (SD 
15.8) years, p = 0,001). The proportion of male patients 
in the two groups did not differ (9 (60%) vs. 43 (55.8%), 
p = 0.786). They did have a significantly higher median 
Ricci score and FSHD clinical score and a significantly 
lower MMT sum score, MFM trunk and total score at 
baseline than the other patients. They more frequently 
developed kyphoscoliosis and pectus excavatum during 
follow-up and had a significantly larger decline in MFM 
score and MFM trunk score between baseline and follow-
up (Table 2). The D4Z4 repeat array size did not differ 
between groups (p = 0.694).

Correlation between FVC and clinical outcome 
measures

Correlations between FVC and clinical outcome measures 
are listed in Table 3. At baseline, the FVC% predicted cor-
related weakly with all clinical outcome measures. Change 
in FVC% predicted from baseline to follow-up did not cor-
relate to clinical outcome measures at baseline. Change in 
FVC% predicted from baseline to follow-up only correlated 
weakly to change in MFM (CC 0.245, p = 0.019) and not to 
change in other clinical outcome measures used.

Discussion

In this study, we longitudinally examined the respiratory 
function of 92 patients with FSHD. We found that 45% of 
the patients already had a restrictive ventilatory pattern at 
baseline. This proportion varied widely in previously con-
ducted studies. One retrospective study in a similar cohort 
using the same criteria reported that 38.3% of their cohort 
had a restrictive ventilatory pattern [5]. A study on respira-
tory function in patients with suspected respiratory weak-
ness showed more patients with reduced respiratory func-
tion (48% with a vital capacity of < 50% predicted) [16]. 
Other studies showed lower prevalence of a restrictive 
ventilatory pattern, which could be explained by patients 
having a lower clinical severity [4], a shorter disease dura-
tion [6] or the inclusion of a small homogeneous cohort 
that did not include severely affected patients [17]. In the 
study of Wohlgemuth et al., the FVC was within normal 

Fig. 1  Histogram of change in 
FVC% of predicted between 
baseline and follow-up. Mean 
change in FVC% predicted was 
2.3 (SD 9.4). Change values 
were calculated by subtracting 
the follow-up value from the 
baseline value
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range in 63 ambulant patients [9]. However, in that study, 
ambulant patients were defined as patients who were able to 
walk using no walking aids, except for ankle–foot orthoses, 
whereas in this study, patients not using a wheelchair were 
defined as with a Ricci score of 9 or lower. This variety in 
proportions has made it difficult to reliably determine the 
prevalence of respiratory function impairment in FSHD, as 
mentioned in the evidence-based guideline on the evalua-
tion, diagnosis and management of FSHD by the American 
Academy of Neurology (AAN) [7]. Our longitudinal study 
in a large unselected cohort adds important information to 
help clarify the frequency and severity of respiratory com-
promise in FSHD.

The results of a previous study suggested a trend toward 
a higher prevalence of a restrictive pattern in FSHD2 than 
in FSHD1 patients [4]. However, both in the study of Scully 
et al. and in our study, the number of FSHD2 patients was 
small, 8 and 4, respectively. Larger studies are required to 
determine whether there are differences in respiratory func-
tion impairment between FSHD1 and FSHD2 patients. 
Although this is not within expectation, since the clinical 
presentation of FSHD2 is similar to FSHD1 [18].

As facial weakness is a key symptom of FSHD [2] using 
only a mouthpiece instead of a face mask could result in air 
leakage in the patients with weakness of their oral muscles, 
especially in forced maneuvers, such as FVC and  FEV1. 
Only in the study of Moreira et al., facemasks were used. 
The other studies did not use them or did not specify. This 
could have resulted in lower FVC and  FEV1 values and 

subsequently an overestimation of the frequency of respira-
tory function impairment in FSHD [12].

Our study showed a large variance in the change of respir-
atory function over time, where some patients also showed 
an increase in respiratory function. This could be caused by 
(aerobic) exercising, weight loss, respiratory physiotherapy 
techniques [19] or better patient cooperation. Unfortunately, 
we did not register these factors. The results could also be 
influenced by the fact that the baseline and follow-up visits 
were conducted by two different clinicians.

We identified a subgroup of 15 patients with an evident 
decline in FVC, whereas the FVC of the other 77 patients 
remained unchanged. There was no difference in D4Z4 
repeat size and BMI between both groups and these char-
acteristics can therefore not be used to determine which 
patients’ respiratory function will decline over time. The 
spirometry outcomes at baseline could likewise not be used 
to distinguish between these patients, since these outcomes 
did not differ between the groups. The current guideline 
advises to monitor patients regularly if they have abnormal 
baseline pulmonary function test results [7]. The results of 
our study complement this advice and show that baseline 
pulmonary function is not necessarily a risk factor for res-
piratory decline. In contrast, the subgroup of patients with 
a large decline in FVC did have more severe muscle weak-
ness, more functional impairment and higher clinical sever-
ity scores at baseline compared to the rest of the cohort. 
Most of these 15 patients had an FSHD clinical score of 6 or 
higher and a Ricci score of 6 or higher at baseline, indicating 

Table 2  Clinical outcome measures in subgroup of patients with respiratory decline versus patients without respiratory decline

Change values were calculated by subtracting the follow-up value from the baseline value
BMI Body Mass Index, FVC forced vital capacity, IQR interquartile range, MFM motor function measure, MMT manual muscle testing

Respiratory decline
(n = 15)

No respiratory decline (n = 77) p value

BMI at baseline, median (IQR) 24.5 (21.6–28.4) 24.9 (22.1–28.0) 0.994
Ricci score at baseline, median (IQR) 7.0 (6.0–8.0) 6.0 (3.0–7.0) 0.007*
FSHD clinical score at baseline, median (IQR) 9.0 (7.0–12.0) 6.0 (3.0–9.0) 0.002*
MMT sum score at baseline, median (IQR) 106.0 (100.0–120.0) 127.0 (115.5–135.0) 0.002*
MFM trunk score % of total at baseline, median (IQR) 87.5 (83.3–91.7) 95.8 (88.5–100.0) 0.008*
MFM score % of total at baseline, median (IQR) 79.2 (62.0–87.0) 94.3 (75.8–99.5) 0.012*
BMI at follow-up, median (IQR) 26.8 (22.3–30.4) 24.9 (23.0–28.1) 0.305
Spinal deformities at follow-up
 Lumbar hyperlordosis, n (%)
 Kyphoscoliosis, n (%)

3 (20.0)
6 (40.0)

12 (15.6)
3 (3.9)

0.706
 < 0.001*

Pectus excavatum at follow-up, n (%) 4 (26.7) 3 (3.9) 0.012*
Change in Ricci score, median (IQR) − 1.0 (− 1.0–0) − 1.0 (− 1.0–0) 0.878
Change in FSHD clinical score, median (IQR) 0 (− 1.0–0) − 1.0 (− 2.0–0) 0.323
Change in MMT sum score, median (IQR) 4.0 (-4.0–10.0) 1.0 (− 1.0–5.0) 0.348
Change in MFM trunk score % of total, median (IQR) 8.3 (0.0–25.0) 0.0 (0.0–6.3) 0.020*
Change in MFM score % of total, median (IQR) 13.0 (1.1–17.7) 2.6 (0.0–8.1) 0.021*
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the presence of pelvic or proximal leg weakness. This sup-
ports earlier findings that more severely affected patients are 
more likely to have restrictive respiratory function impair-
ment [4, 6, 8, 9]. We found that kyphoscoliosis and pectus 
excavatum at five years were more prevalent at follow-up in 
these 15 patients, which is in line with the previous reports 
of spinal deformities as a risk factor for respiratory function 
impairment in FSHD [3, 5, 9]. However, these results could 
be influenced by the different evaluators at both timepoints. 
None of the patients in this subgroup used a wheelchair, 
which is associated with a restrictive ventilatory pattern [4, 
5, 9]. The proportion of patients using a wheelchair in this 
cohort was low, probably because these patients were more 
frequently unable to visit the outpatient clinic.

Furthermore, this subgroup showed a greater decline 
in functional scores (MFM trunk and MFM total scores), 
but remarkably not in muscle strength scores of the upper 
and lower extremity muscles, compared to the total cohort. 

An explanation for these findings is that the MFM includes 
assessment of axial muscles, whereas the MMT sum score 
and the clinical severity score do not. This leads to the 
hypothesis that patients with more severe muscle weakness 
at baseline are more likely to develop spinal deformities due 
to more severe axial muscle weakness [10], measured as a 
greater decline in functional scores. This hypothesis com-
bined with the assumption that abdominal muscles and the 
diaphragm play a direct role in respiratory muscle weakness 
in FSHD [8], results in a specific group of patients who 
are prone to develop a more rapid deterioration of respira-
tory function. With the results of this study, rapid decline 
in axial muscle function could be added to the factors listed 
in the current guideline, determining which patients should 
be monitored regularly for respiratory function deteriora-
tion [7].

This study has some limitations. First, we examined res-
piratory function only by hand-held spirometry. Spirometry 
is a widely used method of respiratory function testing, but 
remains an indirect method to evaluate respiratory muscle 
function and is dependent on patient cooperation. Second, 
measurement of peak cough flow, maximal inspiratory and 
expiratory pressures and diaphragm and abdominal muscle 
ultrasound could have been insightful to extensively evaluate 
the change in respiratory muscle function. Also, recording 
of (nocturnal) respiratory complaints would have expanded 
the characterization of this cohort. Third, we did not assess 
the FVC in sitting and also supine position which could have 
added information on diaphragm function as a decline of the 
FVC when moving from a sitting position to supine posi-
tion is very suggestive for diaphragmatic weakness [20, 21]. 
Fourth, as stated before, the measurements at baseline and 
follow-up were performed by two different evaluators, which 
could have influenced both respiratory function and clinical 
outcomes, since both are dependent on patient cooperation 
and stimulation. To control for variability in spirometry pro-
cedures, the second evaluator was trained by the first evaluator. 
Fifth, expanding the amount of timepoints could have helped 
in determining the rate of deterioration over time. Lastly, as 
mentioned above, this cohort could be influenced by selection 
bias. The most severely affected patients, that frequently use a 
wheelchair, were often not able to visit the hospital.

In conclusion, this study shows that respiratory function 
in most patients with FSHD remains stable over a prolonged 
period of time, but that a subgroup of patients is at risk 
of deterioration. This subgroup can be identified by severe 
muscle weakness with involvement of the leg muscles (often 
a Ricci Score of 6 or higher at baseline), spinal and thorax 
deformities and a relatively fast decline in axial muscle func-
tion. These findings support and enhance the current AAN 
practice guideline and therefore it should be recommended 

Table 3  Correlations between FVC% predicted and outcome meas-
ures

Change values were calculated by subtracting the follow-up value 
from the baseline value
BMI Body Mass Index, CC correlation coefficient, FVC forced vital 
capacity, MFM motor function measure, MMT manual muscle testing

FVC% predicted at baseline vs. Spearman's rho CC p value

Age at baseline − 0.035 0.740
BMI at baseline − 0.014 0.898
Ricci score at baseline − 0.297 0.004*
FSHD clinical score at baseline − 0.311 0.003*
MMT sum score at baseline 0.268 0.010*
MFM trunk score % of total at 

baseline
0.373  < 0.001*

MFM score % of total at baseline 0.360  < 0.001*

Change in FVC% predicted vs. Spearman's rho 
CC

p value

Age at baseline 0.187 0.075
BMI at baseline 0.080 0.463
Ricci score at baseline 0.151 0.152
FSHD clinical score at baseline 0.185 0.078
MMT sum score at baseline − 0.204 0.051
MFM trunk score % of total at 

baseline
− 0.184 0.080

MFM score % of total at baseline − 0.187 0.074
Change in FVC% predicted vs. Spearman's rho CC p value

Change in Ricci score 0.018 0.862
Change in FSHD clinical score − 0.059 0.577
Change in MMT sum score 0.087 0.412
Change in MFM trunk score % of 

total
0.205 0.050

Change in MFM score % of total 0.245 0.019*
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to take these factors into account when determining which 
patients should be monitored frequently in clinical practice.
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