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Explanatory factors of dynamic balance impairment in myotonic dystrophy type 1 

 

Abstract 

 

Introduction/Aims 

Myotonic dystrophy type 1 (DM1) is a neuromuscular disease affecting many systems and 

for which muscle weakness is one of the cardinal symptoms. People with DM1 also present 

with balance-related impairments and high fall risk. The aim of this study was to explore 

explanatory factors of dynamic balance impairment in the DM1 population. 

Methods 

A secondary analysis of data collected as part of a larger study was performed. The Mini 

Balance Evaluation System Test (Mini-BESTest) was used to assess dynamic balance. 

Age, sex, and CTG repeat length in blood were retrieved from medical records and research 

files. The maximal isometric muscle strength of five lower limb muscle groups (hip flexors 

and extensors, knee flexors and extensors, and ankle dorsiflexors) was quantitatively 

assessed as well as fatigue. Standard multiple regression analysis was used. 

Results 

Fifty-two individuals (31 men) aged between 24 and 81 years were included. The final 

model explains 65.9% of the balance score; ankle dorsiflexor muscle strength was the 

strongest explanatory factor, followed by CTG repeat length, age and fatigue to a lesser 

extent. 

Discussion 



Dynamic balance is impaired in people with DM1. Results of this study suggest that 

rehabilitation interventions aimed at improving strength of the ankle dorsiflexors and 

managing fatigue could help to improve dynamic balance in this specific population. 

 

KEYWORDS: Rehabilitation; physiotherapy; balance; explanatory factors; quantitative 

muscle testing  



INTRODUCTION 

In myotonic dystrophy type 1 (DM1), muscle weakness is a cardinal symptom [1] that 

progresses at a different rate for the adult phenotype compared to the late-onset, and for 

men compared to women [2]. People with DM1 also demonstrate impaired dynamic 

balance, mobility and walking speed [3, 4]. The number of falls reported is eightfold higher 

than healthy control, and 50% of them result in an injury [5]. Moreover, DM1 patients with 

a history of falling had more severe self-reported muscle weakness and lower balance 

confidence. Static balance is highly impaired among the adult and late-onset phenotypes, 

with 22-59% of participants showing performance below reference values [4]. In addition, 

muscle strength explained 62% of the Berg Balance Scale score [4]. However, this scale 

demonstrated a ceiling effect in our population, and other tests are now recommended by 

the International Outcome Measures in Myotonic Dystrophy type 1 (OMMYD) group 

including the Mini Balance Evaluation System Test (Mini-BESTest) [6]. This test has 

shown evidence of validity in this population, especially in individuals with the adult 

phenotype, in which strong associations with walking capacity were found [7]. The 

influence on dynamic balance impairment of muscle strength and other factors that have a 

large impact on daily life such as fatigue, daytime sleepiness and other central nervous 

system manifestations [8-14] remains unknown. By identifying the main contributors of 

balance impairment, specific rehabilitation programs could be developed. The aim of this 

study was to explore explanatory factors of dynamic balance impairment in the DM1 

population. 

 

 



METHODS 

Design 

This was a secondary analysis of a larger longitudinal study that started in 2002 and 

included four data collection times. The present study used the data collected from phase 

3 (2015-2016). Variables were selected based on previous literature on balance in 

populations with balance disorders and DM1. 

 

Participants  

Participants of this study were recruited at the Saguenay Neuromuscular Clinic of the 

Centre Intégré Universitaire de Santé et de Services Sociaux du Saguenay–Lac-St-Jean 

(Quebec, Canada) [2, 11, 15, 16]. Of 115 persons who participated to the second phase, 97 

were still alive in 2015, and were invited to participate to the third phase. To increase the 

sample size, new individuals were also invited for this third phase. Inclusion criteria were: 

1) genetic diagnosis of DM1 with the juvenile, adult or late-onset phenotype; 2) aged 18 

years old or older; and 3) able to give informed consent. People with other physical 

limitations that may influence clinical assessments were excluded from the study. 

Participants were classified as late-onset phenotype if they had 2 of the 3 following criteria 

at diagnosis: 1) cytosine-thymine-guanine (CTG) trinucleotide repeat length of < 200; 2) 

Muscular Impairment Rating Scale (MIRS) score of 1 (no muscle impairment) or 2 

(minimal signs); and 3) age at onset of symptoms > 40 years. All other participants with a 

juvenile or an adult phenotype were classified according to Dogan et al. [17]. The study 

was approved by the Ethics Review Board of the Centre Intégré Universitaire de Santé et 



Services Sociaux du Saguenay–Lac-St-Jean. Written informed consent was obtained from 

all participants. 

 

Variables 

Dependent variable. Participants performed the Mini-BESTest to assess dynamic balance. 

Testing consists of 14 items, divided into four subcomponents: anticipatory postural 

adjustments (three items) (subscale 1), reactive postural control (three items) (subscale 2), 

sensory orientation (three items) (subscale 3), and dynamic gait (five items) (subscale 4) 

[17]. Shoes and orthoses are allowed when performing this test. Scoring is based on the 

ability of the participant to perform the task and each item is scored 0, 1 or 2, where 0 

means severe balance limitation and 2 no balance limitation, for a total of 28 with a higher 

score indicating better balance. As indicated in the Mini-BESTest instructions, if a 

participant required physical assistance to perform an item, a score of 0 is given for that 

item and if an assistive device was used, the item was scored one category lower.  

 

Independent variables and covariates. Age, sex and CTG repeat length were included 

based on previous studies [1, 17, 18]. The sociodemographic characteristics were obtained 

from a general questionnaire (age, sex) and the medical and research records (CTG repeat 

length in blood and phenotype). In addition, the MIRS, a DM1-specific scale, was 

documented for descriptive purposes only. Its score range from 1 (no muscular impairment) 

to 5 (severe proximal weaknesses) [19].  

 



Fatigue was assessed with the Krupp Fatigue and Severity Scale (KFSS). The KFSS has 9 

items, each scored on a 7-point Likert scale, where 1 means “Strongly disagree” and 7 

means “strongly agree”. Summation of items gives the total score, with a higher score 

corresponding to more severe fatigue. 

 

Maximal isometric muscle strength was assessed using quantified muscle testing (QMT). 

The following muscle groups were selected based on their significant impact on mobility 

in patients with DM1 [3, 4, 20, 21]: hip flexors, hip extensors, knee flexors, knee extensors 

and ankle dorsiflexors. The QMT protocol used in this study was developed by Hébert et 

al. to ensure the best reproducibility of handheld dynamometry evaluations and was used 

in previous studies [1, 22-24]. The handheld dynamometer used was the MEDup™ linear 

electronic handheld dynamometer (Atlas medic, Québec, Canada). QMT has shown 

evidence of reliability and validity for knee extension in the DM1 population [25]. For each 

muscle group, at least two trials were done: if results differed by more than 10%, a third or 

fourth trial was done. The mean of the two closest trials for each side was kept. The mean 

of the two sides was used for data analysis. 

 

Statistical analysis 

For descriptive statistics, continuous variables (age, CTG repeat length, muscle strength, 

fatigue) are presented as means and standard deviation. Categorical variables (sex, 

phenotype, MIRS) are presented as frequencies and percentages. The Mini-BESTest score 

was compared between groups of participants based on sex using a Mann-Whitney U test.  

 



The first step of the analyses determined the correlations between the score of the Mini-

BESTest (dependent variable) and disease-related characteristics (independent variables 

and covariates) using Pearson r coefficients. Variables that correlated at a significance level 

of p < 0.2 were used in multivariable analyses (standard multiple regression) as 

independent predictors of the Mini-BESTest score.  The final model was checked for 

collinearity with the Variable Inflation Factor (VIF, must be ~ <10) and statistical 

significance was set at p < 0.05. Statistical analyses were conducted with SPSS version 

20.0 (IBM, Armonk, NY). 

 

RESULTS 

Ninety-one subjects participated inphase 3 of the longitudinal study. From these, 39 were 

excluded due to incomplete or non-valid data for QMT (2 or more muscle group values 

were missing or execution was limited by an injury) and/or for Mini-BESTest (one item 

was not completed due to a delay in material acquisition or bias of performance). 

Characteristics of the sample (n=52) are presented in Table 1.  

 

The mean Mini-BESTest score for the whole group was 20.2 ± 6.8 (scores obtained for 

each participant in each of the Mini-BESTest subscales are available in Supplementary 

Table 1) and was not significantly different between men and women (Men: mean = 21.1, 

confidence interval = 18.8 – 23.4; Women: mean = 19.0, confidence interval = 15.5 – 22.4; 

p value = 0.340). Also, associations between the Mini-BESTest score and all variables 

included in the model are presented in Table 2. The univariate correlation analysis revealed 



associations with a significance level lower than 0.2 between all independent variables and 

the Mini-BESTest score. Thus, all variables were included in the model.  

 
The regression model explained 65.9% of the balance variance measured by the Mini-

BESTest (Table 3). Among variables included in the model, those inducing significant 

variation of the Mini-BESTest score were, in ascending order of influence: fatigue, age, 

CTG repeat length and ankle dorsiflexors muscle strength.  

 

DISCUSSION 

Our results showed that lower limb muscle strength and fatigue would contribute to explain 

dynamic balance as assessed by the Mini-BESTest in individuals with the juvenile, adult 

and late-onset phenotypes of DM1. Muscle strength of ankle dorsiflexors, the most affected 

muscle group [3], was the main explanatory factor influencing the balance score. This is in 

accordance with our previous work on static balance having demonstrated that it explained 

the higher percentage of variation observed in the Berg Balance Scale score as well [4]. 

This is also in accordance with previous studies in which ankle dorsiflexor muscle strength 

is related to frequency of falls in the adult DM1 population [3] and could limit the ability 

of elderly adults to maintain balance [26]. Rehabilitation of this muscle group should be 

studied as a factor to improve balance. Furthermore, other muscle groups could also be 

targeted given the documented relationship between lower limb muscle weakness in 

several groups and rate of falls and stumbles [21], in addition to our moderate associations 

between each muscle groups and balance.  

 



Our results identified three others factors: age, CTG repeat length and fatigue. More 

precisely, older participants and those with a higher number of CTG repeats were found to 

have lower scores on the Mini-BESTest. Because DM1 is a progressive disease, it is not 

surprising to find that age was a key explanatory factor of balance score. This is reinforced 

by the fact that DM1 has been considered to be a model of premature ageing [27], and that 

balance disorders are common in older adults [28]. Although correlations between CTG 

repeat length and the severity of the symptoms are not highly robust [29], it is well-

recognized that the number of CTG repeats decreases from the congenital to the late-onset 

form [30]. The contribution of CTG repeat size in balance impairment found in this study 

reflects the previously published significant difference observed between adult and late-

onset phenotypes in Mini-BESTest score [7]. Finally, the presence of self-reported fatigue 

is contributing to lower balance score. Similar results were found in our previous study on 

self-reported restriction in mobility-related participation in daily life [31]. This is 

important, as a recent study of fatigue self-management among patients with 

neuromuscular diseases showed encouraging preliminary results. Indeed, 96% of the 

participants were entirely or largely satisfied with the results of the intervention and 88% 

reported improvement in symptom management [32]. 

 

LIMITATIONS 

The main limitation of this study is the small sample size, limiting the conclusions 

regarding the effect of phenotype on the Mini-BESTest performance. This limitation is 

partially addressed by the fact that the number of CTG repeats, a key element for the 

phenotype classification, was included in our analyses. A second limitation is the lack of 



tools assessing central nervous system impact on balance among our population, but these 

factors were not considered since the scope of the paper was to provide physiotherapists 

with contributing factors that can be assessed in a clinical context and targeted by clinical 

interventions. 

 

CONCLUSION 

Our results show that balance variation among the adult DM1 population is mainly 

explained by the strength of ankle dorsiflexion, and, to a lesser extent, by fatigue. The 

development of rehabilitation interventions targeting strength of the ankle dorsiflexors 

and/or fatigue should be studied to improve muscle strength and dynamic balance in this 

population.  

 

List of abbreviations 

CTG cytosine-thymine-guanine 

DM1 myotonic dystrophy type 1 
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Mini-BESTest Mini balance evaluation system test 
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OMMYD International outcome measures in 

myotonic dystrophy type 1 group 

QMT quantified muscle testing 
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Table 1: Patient characteristics  
 
 Total (n = 52) 
Age, y  

mean (SD) 50.0 (12.7) 
[min-max] [24-81] 

Sex, n (%)  
Men 31 (59.6) 
Women 

 
21 (40.4) 
 

Phenotype, n (%)  
Juvenile 19 (36.5) 
Adult 15 (28.8) 
Late 18 (34.6) 

CTG repeat length 
mean (SD) 449.2 (380.4) 
[min-max] [70-1800] 

Krupp Fatigue Severity Scale  
mean (SD) 37.58 (14.7) 
[min-max] [10-63] 

Muscle Impairment Rating Scale, n (%) 
Grade 1 9 (17.3) 
Grade 2 3 (5.8) 
Grade 3 12 (23.1) 
Grade 4 26 (50.0) 
Grade 5 2 (3.8) 

Muscle Strength, Nm 
Hip flexors 

mean (SD) 74.6 (28.9) 
[min-max] [27.0-147.9] 

Hip extensors  
mean (SD) 184.4 (67.8) 
[min-max] [61.5-319.0] 

Knee extensors  
mean (SD) 79.2 (41.5) 
[min-max] [11.4-176.7] 

Knee Flexors  
mean (SD) 54.2 (24.1) 
[min-max] [18.7-110.5] 

Ankle dorsiflexors  
mean (SD) 17.3 (8.6) 
[min-max] [2.0-38.0] 

Abbreviations: CTG: cytosine thymine guanine trinucleotide; max: maximum; min: 
minimum; SD: standard deviation. 
  



Table 2: Associations between the Mini-BESTest score and the continuous variables 
included in the model 
 
Variables Pearson r p-value 

Age  -0.169 0.118 

CTG repeat length -0.636 <0.001 

Muscle strength   

Hip flexors 0.517 <0.001 

Hip extensors 0.452 <0.001 

Knee extensors 0.485 <0.001 

Knee flexors 0.512 <0.001 

Ankle dorsiflexors 0.650 <0.001 

Fatigue -0.464 <0.001 

Abbreviation: CTG: cytosine thymine guanine trinucleotide. 

 



Table 3: Regression model between clinical variables and the Mini-BESTest score  

Adjusted R2 F value p-value Independent 
variables β 95% CI βstd p-value VIF 

0.659 9.096 <0.001 Constant 40.558 [25.792 ; 55.325] --- <0.001 --- 

   Age -0.215 [-0.330 ; -0.101] -0.402 
<0.001 

1.7 

   CTG repeat length  -0.008 [-0.012 ; -0.004] -0.452 <0.001 1.7 

   Sex 
-0.152 

[-3.502 ; 3.198] 
-0.011 

0.928 2.1 

   Muscle strength      

   Hip flexors -0.048 [-0.176 ; 0.081] -0.198 0.456 10.1 

   Hip extensors -0.040 [-0.084 ; .003] -0.395 0.068 6.5 

   Knee extensors 0.051 [-0.015 ; 0.116] 0.307 0.127 5.7 

   Knee flexors 0.016 [-0.115 ; 0.146] 0.055 0.807 7.4 

   Ankle 

dorsiflexors 

0.378 [0.101 ; 0.655] 0.470 0.009 4.3 

   Fatigue 
-0.163 [-0.250 ; -0.074] -0.346 0.001 1.3 



Abbreviations: βstd:  standardized β coefficient; CI: confidence interval; CTG: cytosine thymine guanine trinucleotide; VIF: variance 
inflation factor. 
 


