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Abstract 

BACKGROUND: Patients with cerebellar ataxia show increased upper body 

movements, which have an impact on balance and walking.  

AIM: In this study, we investigated the effect of using dynamic movement orthoses 

(DMO), designed as elastic suits, on trunk motion and gait parameters.  

DESIGN: A longitudinal uncontrolled study 

SETTING: Rehabilitative outpatient unit 

POPULATION: Eleven patients (seven men, four women; mean age of 49.9±9.5) with 

degenerative cerebellar ataxia were enrolled in this study.  

METHODS: Linear overground gait of patients  was  recorded  by  means  of  an  

optoelectronic  gait analysis system before DMO use (DMO-) and during DMO use 

(DMO+). Time-distance parameters, lower  limb  joint  kinematics,  body  sway,  trunk  

oscillations,  and  gait  variability  (coefficient  of variation, CV) were recorded. Patient 

satisfaction with DMO device was measured using Quebec user evaluation of 

satisfaction with assistive technology.  

RESULTS: When using the DMO, patients showed a significant  decrease  in  stance  

phase  duration,  double  support  phase  duration,  swing  phase  CV, pelvic  range  of  

movements  (ROMs),  body  sway,  and  trunk  ROMs. A significant increase was 

observed in the swing phase duration and knee joint ROMs. Out of 11 patients, 10 were 

either quite satisfied (8 points) or very satisfied (2 points) with the assistive device.  
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CONCLUSION: The DMO reduce the upper body motion and in improve balance-

related gait parameters. 

CLINICAL REHABILITATION IMPACT: We propose use of DMO as an 

assistive/rehabilitative device in the neurorehabilitation of cerebellar ataxia to improve 

the trunk control and gait stability. DMO may be considered a prototype that can be 

modified in terms of material characteristics, textile layers, elastic components, and 

diagonal and lateral seams. 

Keywords  

Dynamic movement orthoses, rehabilitation, walking stability, trunk oscillation, body 

sway 
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Introduction 

Patients with cerebellar ataxia typically exhibit clumsy, staggering movements with a 

wide-based gait [1]. One of the main features of gait ataxia is increased variability of all 

global and segmental gait parameters [2], which is an alteration known to be linked with 

an increased risk of fall [3]. Recently, upper body oscillations, which had long been 

reported in literature as a clinical feature of ataxia [4], have been quantitatively 

characterized in ataxic patients [5, 6]. Wide upper body oscillations that move the center 

of mass toward the edges of the base of support may worsen gait instability, increase 

body sway during walking, and further increase the risk of fall. It has been recently 

shown that ataxic patients adopt a strategy to control their walking instability that 

involves an increase in antagonistic muscle co-activation and widening of muscle 

activation timing to stiffen the body segments [6, 7]. However, this compensatory 

mechanism has some negative effects, such as increased metabolic cost and risk of 

cartilage degeneration [8-10]. Based on the aforementioned gait abnormalities, ataxic 

patients need to use specific devices aimed at stabilizing the upper body, minimizing 

body sway during walking and reducing walking variability. Theoretically, ataxic 

patients may benefit from using elastic or semi-rigid orthoses that can reduce trunk 

oscillations and stabilize joint trajectories without restricting lower limb movements 

during walking.  
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Dynamic Lycra movement orthoses (DMO) have been used in recent years as a 

treatment tool for children with motor and posture impairment, such as scoliosis and 

cerebral palsy [11-17]. These elastic orthoses can be designed as suits with a snug fit. 

The resistance created by the inherent properties of Lycra fabric, the additional layers of 

reinforcing material as well as the diagonal and lateral seams from the shoulder to the 

pelvis add a biomechanical influence to constrain or stabilize body segments of the 

trunk and hip joints on all spatial planes. Furthermore, increased pressure on certain 

muscle groups may improve proprioception and may facilitate joint movements.  

This study primarily aimed to investigate the effect of DMO use, designed as elastic 

suits, on time-distance gait parameters, motion of lower limb joints, body sway, trunk 

oscillations, and gait variability in patients with degenerative primary cerebellar ataxia. 

Second, the study aimed to evaluate the patient satisfaction with these elastic devices.  

 

Methods 

Patients 

Eleven patients (seven men, four women; mean age of 49.9±9.5) with degenerative 

cerebellar ataxia were enrolled in this study. Four were diagnosed with autosomal 

dominant ataxia (spinocerebellar ataxia, SCA; three patients with SCA1 and one 

patients with SCA2) while the other seven had sporadic adult-onset ataxia of unknown 

etiology.  
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Since patients with SCA may have impairment of other systems in addition to cerebellar 

symptoms, we only included those patients whose gait disturbance was exclusively 

cerebellar in nature. Accordingly, we excluded patients with major involvement of 

neurological systems (e.g., extrapyramidal, pyramidal, peripheral nerve or muscle) other 

than cerebellar impairment as well as those with orthopedic disorders that could cause 

further gait impairment, such as severe scoliosis, painful musculoskeletal conditions, 

and foot deformities. Patients did not have visual impairment (e.g., optic atrophy or 

retinitis pigmentosa) but almost all had oculomotor abnormalities such as gaze 

nystagmus or square-wave jerks during pursuit movements. All patients showed 

cerebellar atrophy on magnetic resonance imaging and could walk without assistance or 

walking aids along a 10-meter  laboratory  walkway.  Patients’  characteristics  at  the  time  

of the enrolment are summarized in Table 1. Disease severity was rated using the 

International Cooperative Ataxia Rating Scale (ICARS) [18]. None of the enrolled 

patients received rehabilitative treatment. All of them were instructed to perform 

common daily activities when wearing the DMO. All the participants gave a written 

informed consent according to the Declaration of Helsinki. The local research ethics 

committee approved the study. 

 

Dynamic movement orthoses (DMO) 
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DMO are made of extensible material (Lycra) that was stitched together. Each panel or 

section is made using specific tensions and directions of pull to support the patient's 

need for maintaining biomechanical alignment [16, 17]. Extra layering can be provided 

to further reduce movements of body segments in specific directions. For this study, 

elastic suits (Figure 1) were custom designed for each patient according to his/her 

anthropometric measurements. The DMO suit extended from the shoulders (above the 

elbow joints) to the hips (above the knee joints). The DMO was measured to provide a 

snug fit and to support the shoulder and hip girdles. The suit that connected the 

shoulders and the pelvis created a low force that resisted trunk movements. Diagonal 

and lateral seams from the shoulder to the pelvis were added to further increase 

resistance to trunk movements in the sagittal and lateral directions (Figure 1). For each 

patient, three extra layers were added to reinforce the inherent properties of Lycrain 

creating low forces resistant to trunk movement. When necessary, zips were present but 

were kept to a minimum to preserve traction. Lycra DMO usually took 2-5 minutes to 

put on. It had appropriate apertures for toileting.  

 

Gait analysis 

An optoelectronic motion analysis system (SMART-DX 500 System, BTS, Italy) 

consisting of eight infrared cameras with sampling frequency of 300 Hz was used to 

detect the movements of 20 reflective spherical markers placed over anatomical 
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landmarks according to Davis et al. [19]. Two heel markers were added for standing 

trials (off-set angle calculation). Anthropometric data were collected for each subject 

[20]. Participants were required to walk barefoot at self-selected speed along a 10-meter 

walkway.  

 

Patient satisfaction evaluation 

Patient satisfaction with the DMO device and service was measured using Quebec user 

evaluation of satisfaction with assistive technology (QUEST) [21, 22]. The QUEST 

survey contains 15 items categorized into two sub-scales with which patients rate the 

assistive device and the service they received. Six questions were used to rate patient 

satisfaction using a 5-point   scale   ranging   from   "very   dissatisfied"   to   "very   satisfied.”  

The 5-point satisfaction level scale was split into two categories. Scores of 1 and 2 

belong to one category and scores of 3, 4, and 5 belong to the other. 

 

Procedure 

Two gait analysis sessions were performed for each patient. The first session was 

performed  before they  used  the DMO (DMO-) and a second session was  performed  

one month after using the Lycra suit  for  2-6 hours a day and 3-5 days a week. In the 

second session, gait analysis was performed while wearing the DMO (DMO+). Patients 
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were then required to fill-up the QUEST questionnaires. Furthermore, they were also 

asked about actual compliance in wearing the device.  

 

Data analysis 

Three-dimensional marker trajectories were acquired using a frame-by-frame 

acquisition and tracking software (SMART Capture and SMART Tracker - BTS, Milan, 

Italy). Data were processed using a 3-D reconstruction software (SMART Analyzer, 

BTS, Milan, Italy). Kinematic data were normalized between two consecutive heel 

strikes reduced to 100 samples over the gait cycle using a polynomial procedure. Data 

were analyzed with the right and left limb considered together.  

 

Time-distance parameters 

The following time-distance parameters were considered for the statistical analysis: step 

length (m) and width (m), stance duration (%), swing duration (%), and double support 

duration (%).  

 

Lower limb joint kinematics  

Mean range of motion (ROM) values of the hip, knee, and ankle joints were calculated 

in the sagittal plane. Mean ROM values of the pelvis were also calculated in the sagittal 
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(tilt movements), frontal (obliquity movements), and transverse (rotation movements) 

planes.  

 

Body sway and trunk oscillations 

We calculated the maximal linear displacement of the center of the pelvis in the 

mediolateral direction to measure whole body sway during walking. We measured the 

ROM of the trunk segment in the sagittal, frontal, and transverse planes to assess upper 

body motion during walking. In particular, trunk movement measurements were 

obtained using an indirect method based on shoulder girdle landmarks [5, 23, 24]. With 

regards to the trunk trajectories in the sagittal and frontal planes, we calculated the 

centroid of the triangle formed by acromion markers and C7. We also calculated the 

centroid of the triangle formed by the anterior superior iliac spine (ASIS) and sacral 

markers (P, pelvis level). The trunk (T) coordinate system, which is a system embedded 

with the shoulder segment, has a vertical axis (V) aligned with the gravity vector, a 

mediolateral axis (ML) passing from the right acromion to the left acromion and an 

anterior posterior axis (AP) computed as the cross product of the ML and V vectors. 

The pelvis coordinate system, which is a system embedded with the pelvis segment, has 

a vertical axis aligned with the gravity vector, the mediolateral axis (ML) passing from 

the right ASIS to the left ASIS and the anterior posterior axis (AP) computed as the 

cross product of the ML and V vectors. The trunk functions (fTrunk) were calculated as 
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the differences, measured in meters, between the trunk and pelvis trajectories, 

respectively.  

 

Variability measures 

As an index of within-subject variability, we calculated the coefficient of variation (CV) 

for the time-distance and lower limb joint kinematic variables according to the 

following formula: 

  

where  sigma   indicated   the  standard  deviation  and  μ   the  mean  value  of   the  considered  

parameter. 

Statistical analysis 

Either  paired  t-test  or  non-parametric  Wilcoxon  signed-rank  test  for  paired  

samples  was  used  to investigate  differences  between  the  two  DMO+  and  DMO-  

sessions  in  the  analyzed  variables according to the normal or non-normal data 

distribution. Chi-square/Fisher tests   were   used   to   evaluate   differences   in   patients’  

questionnaire scores in both DMO- and DMO+ sessions relative to questionnaire 

outcomes. Data  were  presented  as  mean  ±  standard  error.  P-value  (p)  less  than  

0.05  was  considered statistically significant.  
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Results 

Time-distance parameters 

A significant effect of DMO+/- sessions was found on stance (main effect, F2,20=4.726, 

p=0.021) and double support phase (main effect, F2,20=6.800, p=0.006) durations. No 

significant differences were found for step length, step width, and speed mean values 

(p>0.05). Post-hoc pairwise comparisons showed lower stance duration values in post-

DMO+ session than pre-DMO- session and lower double support duration in post-

DMO+ than both in pre-DMO+ and post-DMO- (Figure 2).  

Significant lower CV values were found for swing phase duration in DMO+ session 

than in DMO- (Figure 2). No significant differences were found for CV values of the 

other time-distance variables (p>0.05). 

 

Lower limb joint kinematics 

Significantly higher mean ROM values of the knee joint were found in DMO+ session 

than in the DMO- session (Figure 3). No significant differences were found for both 

mean ROM values of the hip and ankle joints and for CV values of all lower limb joints 

(p>0.05). 
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A significant decrease in the mean ROM values of the pelvis were found in DMO+ 

compared to that in DMO- in both the sagittal and frontal planes (Figure 3), while no 

differences were found on the transverse plane (p>0.05). There were also no difference 

in CV values (p>0.05). 

Body sway and trunk oscillations 

Significantly lower body sway values were found in the DMO+ session than in the 

DMO- session (Figure 4, 5). Figure 5 shows the center of pelvic displacement in the 

mediolateral direction of a representative patient. 

Significantly lower values of trunk oscillation were found in DMO+ than in DMO- 

(Figure 4, 6). Figure 6 shows trunk displacement in three spatial planes of a 

representative patient. 

Questionnaires 

All 11 patients completed and returned the questionnaires. All of them still used their 

prescribed DMO at T1 evaluation. The 5-point satisfaction level scale was split into two 

categories. Scores of 1 and 2 belonged to one category while scores of 3, 4, and 5 

belonged to the other.  

Ten out of 11 patients (90.9%) were either quite satisfied (8 points) or very satisfied (2 

points) with the assistive device while only one patient was somewhat satisfied (Chi 

square, p<0.001). 
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Ten out of 11 patients (81.8%) were also either quite satisfied (1 patient) or very 

satisfied (8 patients) with the device while two patients (18.1%) were not very satisfied 

(1 patient) or were more or less satisfied (1 patient) (Chi-square, p<0.001). 

Patients reported wearing the DMO for an average of 4.7 ±1.1hours per day (range: 3-6 

hours) for 4.5± 0.5 times per week (range 4-5). 

Discussion 

In this study, we investigated the effect of DMO use, designed as wearable suits, on the 

spatio-temporal parameters, joint and pelvis ROMs, gait variability, body sway, and 

trunk oscillations in patients with degenerative cerebellar ataxia.  

We found that DMO induced the following: i) a decrease in stance and double support 

phase durations, an increase in swing phase duration, and a decrease in swing duration 

variability; ii) an increase in knee joint ROMs in the sagittal plane and a decrease in 

pelvis ROMs in both the sagittal and frontal planes; and iii) a decrease in body sway in 

the mediolateral direction and a decrease in trunk oscillations on sagittal plane. 

Furthermore, patients subjectively had a good level of satisfaction with the Lycra elastic 

suit and the resulting outcomes. 

Various time-distance parameter abnormalities have been described in ataxic patients, 

including increased stance and double support phase durations and step width as well as 

reduced step length and gait speed [2, 25-28]. Most of these abnormalities seemed to 

represent compensatory mechanisms aimed at reducing dynamic imbalance. In our 
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study, reduced stance and double support phase durations as well as increased swing 

phase duration observed during the DMO+ session indicated that patients felt safer 

wearing the elastic suit. Thus, patients had lesser need to walk in bipodalic stance, 

which is a more stable configuration compared to monopodalic stance. 

With regard to joint kinematics, we found that DMO reduced the pelvic ROM in both 

the frontal and sagittal planes. Our findings are consistent with previous findings on the 

effect of lower limb Lycra garments on the gait of children with cerebral palsy and 

muscular dystrophy [14] and suggest that one of the most relevant effects of the DMO 

was to stabilize the pelvis during walking without restraining movement of the hip, 

knee, and ankle joints. Unexpectedly, we found an increase in knee ROMs during 

DMO+. This may be a consequence of improved limb stabilization during swing phase, 

which was also revealed by reduced swing phase duration variability. Thus, it may 

reflect a better control of knee flexion during swing phase. 

It had been shown that patients with cerebellar ataxia showed an irregular gait pattern 

with large body sway in the mediolateral direction [2, 6]. Furthermore, ataxic patients 

presented large oscillations of their upper body [5]. Such abnormalities may be 

attributed to impaired multi-joint and multi-segment coordination as well as to muscle 

hypotonia[1,29, 30]. Wide oscillations of the upper body may greatly affect gait 

performance and gait stability [5]. Thus, reducing body sway and trunk oscillations may 

be an important aspect in the rehabilitation of these patients. Indeed, it is known that 
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minimizing the magnitude of linear and angular displacement of the head and trunk had 

functional importance in ensuring clear vision [31,32], facilitating the integration of 

vestibular information [33], and contributing to the maintenance of balance [34, 35]. 

Our study showed that the Lycra elastic DMO succeeded in reducing trunk oscillations 

in the sagittal plane, body sway in the mediolateral direction, as well as the pelvic ROM 

in both the sagittal and frontal planes. All these effects were possibly due to 

reinforcement in the functional connection between the shoulders and pelvis provided 

by the DMO. Using the diagonal and lateral seams with additional layers may have 

contributed in increasing resistance to movements of the upper body and pelvis, which 

then reduced body sway during walking.  

Another important feature of patients with ataxia is gait variability, which is an indirect 

sign of dynamic instability of locomotion and is associated with increased risk of falls 

[3,36, 37]. In this study, we found that DMO use specifically reduced the variability of 

swing phase duration. In our previous study [5], we showed that the increased upper 

body oscillations were associated with increased swing phase variability. This suggested 

that exaggerated upper body movements may influence some specific aspects of gait 

instability, mainly those related to the timing before foot placement and to the 

maintenance of a regular temporal pattern during walking [5]. In light of this finding, 

reduced trunk oscillations caused by DMO may indirectly improve stability of the 

swinging limb.  
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In our study, all patients reported to be more stable and safer in performing daily life 

activities when wearing the DMO. Since patients had no rehabilitative treatment during 

the 1-month trial period, the observed gait parameter improvements may be exclusively 

attributed to the use of DMO.  

We focused our study mostly on the direct biomechanical effect of the DMO in 

reducing the upper body motion and in improving balance-related gait parameters (e.g., 

stance and double support phase durations and gait variability). Patients were asked to 

wear the DMO for about one month to allow them to adapt to the device, to train, and to 

assess their perception in using it. However, since, after one month of DMO use, we did 

not investigate the patients also without DMO we could not discern the rehabilitative 

effect from the assistive effect. Furthermore, we did not compare the acute effect and 1 

month use effect. Other rehabilitative methods focused on balance and postural 

disorders rehabilitation, such as torso-weighting, revealed immediate advantages over a 

nonweighted condition for static standing and gait in patients with ataxia and multiple 

sclerosis [38-40]. Further studies with long follow up should be performed to 

understand how and what extend the central nervous system adapt to the chronic use of 

the DMO.  

 Other limitations of this study included the potential for placebo (sham) effect and the 

small sample size. The lack of a placebo-control condition cannot exclude a bias caused 

by placebo-induced amelioration. However, to our knowledge, there is no evidence in 
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the literature of a placebo effect on kinematic measurements. Although our sample size 

was small, this limitation was partly offset by the adoption of sensitive quantitative 

measures of motion. Furthermore, in our study we enrolled patients with different 

degrees of disease severity (ICARS scores ranging from 6 to 49), even though all of 

them were able to walk without assistance for at least few steps. The small sample size 

did not allow us to sub-grouping patients in order to evaluate if the use of the DMO was 

more effective in mild or in severe/moderate ataxia. Nevertheless, since our study was 

hypothesis-generating in nature, a larger study would be needed to confirm the findings 

presented here and to better evaluate the DMO effect in patients with different disease 

severity. 

In conclusion, we propose the use of DMO in the neurorehabilitation of cerebellar 

ataxias to improve trunk control and gait stability. However, the DMO may be 

considered a prototype that can be modified in terms of material characteristics, textile 

layers, elastic components, and diagonal and lateral seams to improve gait stability in 

ataxic patients. Further studies are needed to evaluate its long-term effects.  
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Table 1: Patients’  characteristics 

 

 

 

 

*Values in parentheses indicate ICARS scores at T1 follow up 

Pts Diagnosis Age 
Age at 
onset 

Duration 

ICARS 
Gait Posture Lower 

limb 
kinetics 

Total 

1 SAOA 59 47 12 3 4 4 12 

2 SAOA 60 50 10 7 (6) 11 14 42 (41) 

3 SAOA 48 30 18 4 9 7 26 

4 SCA1 57 45 12 9 15 (14) 4 36 (35) 

5 SCA1 44 35 9 1 1 1 6 

6 SCA2 38 30 8 4 10 8 49 

7 SCA1 50 41 9 4 5 2 18 

8 SAOA 73 60 13 3 3 1 11 

9 SAOA 49 17 32 4 5 2 18 

10 SAOA 50 30 20 1 0 1 6 

11 SAOA 56 40 8 5 10 8 30 
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Power analysis results 

Variables Power, 1-β  (%) 
Stance phase duration 59.11 

Double support duration 84.49 
Knee ROMs 72.21 

Pelvis tilt ROMs 79.56 
Pelvis obliquity ROMs 58.23 

Anterior-posterior Trunk ROMs 68.58 
cv Swing phase duration 51.24 
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