
Objective: Although the effectiveness of postural balance training on balance and gait impairment has been proven as an effective treatment approach in several 
patient and healthy populations, its effectiveness in patients with essential tremor (ET) is yet unknown. The aim was to examine the effects of postural balance 
training program on balance and gait performance, and health-related quality of life in patients with ET. 
Materials and Methods: This uncontrolled clinical study included patients with ET. The outcome measures were the Postural Stability Test, Limits of Stability 
Test, Fall Risk Test, Activities-Specific Balance Confidence scale, Dynamic Gait Index, and Short Form-36. The assessments were performed before and after the 
training program. The participants underwent an 8-week balance training designed to improve their ability to integrate multisensory inputs and postural control 
using a computerized balance assessment and training device. 
Results: In total, 24 patients with ET participated in the study. The compliance rate was 87.5%. There were significant improvements in all outcome measures 
of balance and gait performance, balance confidence, fall risk, and health-related quality of life (except the mental component, p>0.05) between baseline and 8 
weeks (p<0.05). 
Conclusion: Our results suggest that the balance training program is a feasible method that may have positive effects on balance performance and confidence, 
gait performance, and health-related quality of life in patients with ET.
Keywords: Balance training, essential tremor, gait, quality of life

Amaç: Postürel denge eğitiminin çeşitli hastalıklarda ve sağlıklılarda denge ve yürüme bozukluğu için etkin bir tedavi yaklaşımı olarak kanıtlanmış olmasına 
rağmen esansiyel tremorlu (ET) hastalarda etkinliği henüz bilinmemektedir. Bu çalışmanın amacı, postürel denge eğitim programının ET’li hastalardaki denge, 
yürüme performansı ve sağlıkla ilgili yaşam kalitesi üzerine etkilerini incelemek idi.
Gereç ve Yöntem: Bu kontrolsüz klinik çalışmaya ET’li hastalar dahil edildi. Sonuç ölçümleri Postürel Stabilite Testi, Stabilite Testi Sınırları, Güz Risk 
Testi, Aktivitelere Özgü Denge Güven Ölçeği, Dinamik Yürüme İndeksi ve Kısa Form-36’dan oluşmaktaydı. Değerlendirmeler, eğitim programından önce 
ve sonra gerçekleştirildi. Katılımcılar, bilgisayar tabanlı denge değerlendirme ve eğitim cihazı ile çoklu duyusal girdileri ve postürel kontrolleri bütünleştirme 
yeteneklerini geliştirmek için tasarlanmış 8 haftalık bir denge eğitimine tabi tutuldu.
Bulgular: Çalışmaya toplam 24 ET’li hasta katıldı. Programı tamamlama oranı %87,5 idi. Sekiz haftanın sonunda denge ve yürüme performansı, denge güveni, 
düşme riski ve sağlıkla ilgili yaşam kalitesini içeren (zihinsel bileşen hariç, p>0,05) tüm sonuç ölçümlerinde anlamlı iyileşmeler tespit edildi (p<0,05).
Sonuç: Bu çalışmanın bulguları, denge eğitim programının ET’li hastalardaki denge performansı ve güvenini, yürüme performansını ve sağlıkla ilgili yaşam 
kalitesini olumlu etkileyebilecek uygun bir yöntem olduğunu düşündürmektedir. 
Anahtar Kelimeler: Denge eğitimi, esansiyel tremor, yürüme, yaşam kalitesi
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Introduction

Traditionally, essential tremor (ET) is described as a neurologic 
disorder characterized by tremors of the head, trunk, and 
extremities (1,2). In recent years, this traditional description of 
ET has changed. Novel evidence has suggested that tremor is not 
the sole feature of ET, it can also include cognitive and psychiatric 
features as well as balance and gait impairments (3,4,5,6).

Several studies have indicated that patients with ET have lower 
balance confidence (3,4,6,7). Although there is no significant 
difference in terms of the number of actual falls in patients with 
ET compared with healthy controls, the number of near misses is 
significantly higher among those with ET (3,6,7). These findings 
about balance impairment suggest that patients with ET may have 
a higher fall risk. Although the true impact of balance and gait 
impairments on the quality of life and fall risk in patients with ET 
are not well defined, some studies have indicated that limitations 
in body movements may decrease quality of life in such patients 
(4,8,9).

There are several symptomatic therapies for the treatment 
of ET including pharmacologic agents and surgical procedures, 
which are considered effective (10). However, possible therapeutic 
approaches to the treatment of balance and gait impairment in ET 
are not known. Only one study has reported improvements in gait 
parameters after pharmacologic treatment (11). Additionally, deep 
brain stimulation is a promising option to treat balance and gait 
impairment in patients with ET. However, the possible positive 
and adverse effects are required to be studied (12,13).

Computerized balance systems are commonly used, which 
provide a valid and reliable assessment and are therapeutic devices 
for balance (14). They include many different programs for both 
the assessment and training of balance (14). The training exercises 
of these balance systems can improve gait, balance, and fall risk for 
patients with diseases such as diabetic neuropathy, cerebral palsy, 
and multiple sclerosis (14,15,16). There is also evidence of the 
benefits of balance systems on balance in healthy people who had 
no specific disease (17,18). However, to the best of our knowledge, 
the feasibility and effects of a postural balance training performed 
using a computerized balance system has not been investigated in 
patients with ET. The aim of this study was to examine the effects 
of a postural balance training on the balance and gait performance, 
and health-related quality of life (HRQOL) in patients with ET. 
The hypothesis of this study was that the postural balance training 
performed using a computerized balance system would be effective 
in improving balance and gait performance, and HRQOL in 
patients with ET.

Materials and Methods

Study Design and Setting 
This was an uncontrolled clinical study. The participants 

were recruited from outpatient clinics for movement disorders 
in Dokuz Eylul University Hospital and Izmir Bozyaka Training 
and Research Hospital, Izmir, Turkey between January 2014 and 
January 2016. The postural balance training was conducted in the 
Department of Neurological Physiotherapy-Rehabilitation, School 
of Physical Therapy and Rehabilitation, Dokuz Eylul University, 
Izmir, Turkey.

Participants
Patients with ET were included in the study. The diagnosis of ET 

was confirmed in accordance with the Movement Disorder Society 
consensus statement by two neurologists experienced in movement 
disorders (2). According to the Movement Disorder Society 
consensus statement, patients were diagnosed as having ET when 
they had bilateral postural tremor with or without kinetic tremor, 
involving the hands and forearms that was visible and persistent 
(tremor of other body parts would be present in addition to upper 
limb tremor). Bilateral tremor would be asymmetric. Tremor 
was reported by patient to be persistent, although the amplitude 
would fluctuate. Tremor would or would not produce disability  
(2). The duration of the tremor had to be longer than 5 years (2). 
The exclusion criteria were having Mini-Mental State Examination 
scores <24 (19); the presence of other concomitant neurologic 
disorders; significant musculoskeletal abnormalities or pain, 
cardiovascular disease, or respiratory disease that would interfere 
with study procedures or affect safety; severe visual impairments 
or cooperation problems that might affect the training protocol; 
current or recent participation in another exercise programs.

All participants who met the inclusion criteria were recruited 
to the study. No specific evaluation was performed to investigate 
the patients’ balance as to whether there was a balance impairment. 
All participants continued with only the study training (i.e. they 
did not receive routine physiotherapy during the study period).

Ethical approval was obtained from Noninvasive Research 
Ethics Board of Dokuz Eylul University (approval number: 
2014/06-26 and date: 13.02.2014) and the written informed 
consent was obtained from all the participants.

Assessments 
Each participant was assessed by the same examiner (BK) who 

is specialized in neurological physiotherapy. The examiner did not 
participate in the training sessions [i.e. the physiotherapists who 
performed the assessments (BK) and treatments (TK and MST) 
were different]. The demographic and clinical characteristics of 
the participants were recorded. The following assessment methods 
were performed before and after the balance training program.

The Dynamic Gait Index (DGI) is a comprehensive tool to 
assess gait, balance and fall risk (20); therefore, it was determined 
as the primary outcome measure, the remaining measures were 
secondary outcome measures. 

Balance Performance Assessments
The Balance System™ SD with a 12.1" display (Model: 115 

VAC, Biodex Medical Systems, Inc., New York, USA) was used to 
assess balance performance with following the Operation/Service 
Manual of the Balance System™ SD (21). 

The Postural Stability Test 
The Postural Stability Test emphasizes an individual’s ability 

to maintain center of balance. Before the test, the settings were 
prepared for the participants (21). Three trials with a 20-second 
duration were repeated on the stable platform while the participant 
was trying to stand upright with a two-leg stance. The participant’s 
performance was noted as a stability index, which represents the 
variance of platform displacement in degrees from level. A high 
number is related with a lot of motion during the test, which is 
indicative of poor postural balance control (21).
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The Limits of Stability (LOS) test
The LOS test, which is a good indicator of dynamic control 

within a normalized sway envelope, challenges individuals to 
move and control their center of gravity within their base of 
support (21). During each test trial, individuals must shift their 
weight to move the cursor from the center target to a blinking 
target and back as quickly and with as little deviation as possible. 
The same process was repeated for each of nine targets in random 
order. Lower scores or increased times to complete the test indicate 
decreased LOS performance (21).

Fall Risk Test
The fall risk test identifies potential fall candidates. The test 

results are compared with age-dependent normative data by the 
software (21). Scores higher than normative values suggest that the 
person has a fall risk. The fall risk test was performed using the 
dynamic platform (between stability level 12 to 8) of the Balance 
System™ SD with the patients’ eyes open during a period of 20 
seconds for three trials. The participant’s performance was noted as 
the overall stability index.

Balance Confidence
The Activities-specific Balance Confidence (ABC) scale was 

used to assess the balance confidence of the participants. The 
ABC scale includes 16 items that ask patients to rate their level of 
confidence in performing activities without falling or experiencing 
a sense of unsteadiness (22). Lower scores indicate less balance 
confidence. The Turkish ABC Scale was found as a reliable and 
valid tool for measuring self-perceived balance confidence (23).

Gait and Dynamic Balance Performance
The DGI is a clinical tool to assess gait, balance, and fall 

risk. The DGI was used to assess the ability to modify balance 
while walking in the presence of external demands (20). The DGI 
includes eight items that evaluate maintenance of balance during 
gait. The items are scored 0 to 3 and higher scores indicate better 
gait and balance performance, and less fall risk (20).

Health-related Quality of Life
The HRQOL was assessed using the Short Form-36 (SF-

36), which consists of eight scales including vitality, physical 
functioning, bodily pain, general health perceptions, physical role 
functioning, emotional role functioning, social role functioning 
and mental health (24,25). Two main scores were presented as 
physical health and mental health. Higher scores indicate higher 
HRQOL. The Turkish version of the SF-36 was found as a valid 
and reliable tool to assess the HRQOL (26). 

Postural Balance Training Program
The participants underwent an 8-week balance training 

program that was designed to improve their ability to integrate 
multisensory inputs and challenge postural control using the 
Balance System™ SD. All participants performed balance 
training for approximately 30 minutes per session, once a week 
for 8 weeks using postural stability, LOS, and maze control 
training parameters on the Balance System™ SD under the 
supervision of two physiotherapists (TK and MST). The Balance 
System™ SD has static and unstable platforms that move in 
response to changes in the participant’s center of mass; it also 
has 12 stability levels (21). At weeks 1 and 2 of the balance 

training program, participants were given a 5-minute warm up 
consisting of tracing predictable patterns and then static postural 
stability and LOS training for 25 minutes. At weeks 3 and 4, the 
participants performed static LOS on the Balance System™ SD, 
but the stability level of platform was progressively decreased 
from static to level 10 for postural stability training. At weeks 
5 and 6, the stability level of the platform was decreased from 
level 10 to level 8 for postural stability training, and maze 
control training was included in the program. In the maze 
control training, the participants followed a reproducible 
pattern of movement throughout a maze in both static and 
dynamic environments. Three skill levels were used to create 
a simple or more difficult environment for the participants to 
navigate through. Participants who could tolerate this also 
performed the LOS training on the dynamic platform. At weeks 
7 and 8, the stability level of the platform was decreased from 
8 to 6 for postural stability training and participants who could 
tolerate these changes also performed maze control training on 
the dynamic platform to facilitate progression.

Statistical Analysis
The characteristics of the participants were described using the 

descriptive statistics. Median and interquartile range (IQR) were 
reported for continuous variables, and the categorical variables 
were reported as number and percentage because of the non-
normal distribution of the data, which was explored using the 
Shapiro-Wilk test and histograms. The comparison before and 
after training was made using the Wilcoxon signed-rank test. 
Statistical significance was set at p<0.05. To calculate Cohen’s 
d effect sizes, mean and standard deviation were presented. The 
effect sizes were interpreted as small (d=0.2), medium (d=0.5), 
and large (d=0.8). Data were analyzed using the IBM® SPSS® 
(ver. 23.0; IBM Corp., Armonk, NY, USA) for Windows software.

Results

The study included 24 patients with ET (16 males) with a 
median age of 63.5 years (IQR: 54.0-70.75) years; however, three 
participants (two males) did not complete the 8-week balance 
training because of personal reasons (unplanned travel to another 
city). Therefore, the dropout rate was calculated as 12.5%. No 
participants reported any adverse effects, and medications were 
not changed during the study period. The baseline demographic 
and clinical characteristics of the participants are presented in 
Table 1. 

Table 2 presents the changes in balance and gait performance, 
balance confidence, fall risk, and HRQOL from baseline to 8 weeks 
after the balance training. There were significant improvements in 
all outcome measures of balance and gait performance, and balance 
confidence from baseline to 8 weeks after the balance training 
(p<0.05). Although there was a significant improvement in SF-
36 physical component (p<0.05), the mental component did not 
significantly change (p>0.05). All of the effect sizes were medium 
to large (except SF-36 mental component) (Table 2). Considering 
the magnitude of the effect sizes, it seems that balance training 
has a very large impact on dynamic postural control (LOS) and 
fall risk. 
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Discussion

To the best of our knowledge, this is the first study to examine 
the feasibility and effects of postural balance training in patients 
with ET. The results indicate that the 8-week balance training 
is a feasible method that may improve balance performance, gait 
performance, balance confidence, and HRQOL. Additionally, the 
training may cause a reduction in falls.

The balance training program was performed in a progressive 
form because of the basic concept of progression in exercise 
physiology, meaning the intensity, difficulty, or complexity of 
exercises needs to be increased as the body adapts to exercise over 
time (27). Additionally, the visual feedback provided by the screen 
of the Balance System™ SD could enhance the motivation of the 
participants during the training sessions. With this feedback, 
the participants tried to re-adjust their wrong movements and 
this could further enhance motor learning and increase body 
adaptations (14).

While performing the LOS training, the participants tried to 
voluntarily move their center of mass to different blinking targets 
on the screen, which could improve the ability of producing 
effective movement of the center of mass during postural control 
because this task requires greater precision in force control (14). 
Several studies have also indicated that balance training could result 
in less center of mass displacement in response to perturbations 
(14,28). In this study, the results of the LOS test indicated that 
participants’ directional control significantly improved and the 
time to complete the test significantly; the time decreased after 
the balance training program. 

Because the platform displacement in a sagittal plane is 
represented by the anterior/posterior stability index, a high 
score may indicate poor neuromuscular control of the anterior 
and posterior compartment muscles of the lower limbs (21). The 
anterior/posterior stability index of the participants significantly 
decreased after the training, which could be attributed to the 
improved neuromuscular control of these muscle groups. On the 
other hand, the platform displacement in the frontal plane was 
represented by medial/lateral stability index. Poor neuromuscular 
control of the inversion or eversion muscles of the lower legs can 
result in high scores in the medial/lateral stability index (21). 
Similarly, the medial/lateral stability index of the participants 
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Table 1. Baseline demographic and clinical characteristics 
of the participants (n=24)

Median IQR
Age (years) 63.5 54.0-70.75

Sex† 

   Female 8 33.3

   Male 16 66.7

Height (m) 1.67 1.60-1.74

Weight (kg) 75.0 66.5-87.5

Body mass index (kg/m2) 27.74 24.40-30.88

Level of education† 

   Primary or secondary school 11 45.8

   High school 4 16.7

   College or university 9 37.5

Marital status† 

   Married 15 62.5

   Single 9 37.5

   Disease duration (years) 8.0 4.0-25.0
†Variable are presented as number and frequency, IQR: Interquartile range

Table 2. Changes in balance and gait performance, balance confidence, fall risk, and health-related quality of life from 
baseline at 8 weeks (n=21)

Pre-intervention Post-intervention
Median IQR Mean SD Median IQR Mean SD p d

PST

   Anterior/posterior index 0.40 0.30-0.50 0.44 0.25 0.30 0.20-0.40 0.31 0.16 0.001* 0.62

   Medial/lateral index 0.20 0.10-0.30 0.29 0.31 0.20 0.10-0.20 0.17 0.09 0.022* 0.53

   Overall stability index 0.50 0.35-0.70 0.59 0.41 0.40 0.25-0.50 0.40 0.18 0.003* 0.58

LOS

   Overall direction control 42.0 27.0-47.0 40.24 11.92 57.0 49.0-74.0 59.62 13.56 <0.001* -1.52

   Time to complete test (min) 0.55 0.46-1.36 0.91 0.58 0.43 0.37-0.47 0.45 0.15 <0.001* 1.09

   FRT-Overall stability index 1.2 1.05-2.15 1.63 0.98 0.80 0.70-1.15 0.95 0.51 <0.001* 0.87

   ABC scale 76.0 63.99-88.33 72.83 21.64 86.25 79.97-90.62 82.56 16.42 0.001* -0.51

   DGI 21.0 20.0-22.0 21.05 2.11 23.0 22.0-23.50 22.38 1.83 0.001* -0.67

SF-36

   Physical component 45.9 35.05-53.15 44.37 9.57 51.90 44.90-55.85 49.62 9.16 0.003* -0.56

   Mental component 37.0 33.95-48.70 40.59 10.21 45.0 33.35-50.40 41.34 10.90 0.715 -0.07
PST: Postural Stability Index, LOS: Limits of stability, FRT: Fall Risk Test, ABC: Activities-specific Balance Confidence, DGI: Dynamic Gait Index, SF: Short Form-36, 
SD: Standard deviation, IQR: Interquartile range
*Statistically significant



significantly decreased after the training. Additionally, the 
significant reduction in overall stability index of the fall risk 
test reflects the reduction of the potential risk for falling in 
patients with ET. As McAuley and Marsden (29) stated, tremor 
is related with motor unit firing properties, synchronized motor 
unit oscillations, and mechanical and feedback resonances, all of 
which are also related with balance control. These authors also 
suggested that the central nervous system structures, possibly the 
cerebellum, may be involved in the generation of ET (29). In the 
current study, balance training seemed to be effective at improving 
neuromuscular control, which is related with the aforementioned 
structures and processes. Although this study does not include 
neurophysiological assessments to show the real effects of the 
balance training on these structures and processes, we believe that 
it will encourage more comprehensive studies about this issue. 

In the present study, all parameters assessed by the Balance 
System™ SD improved. However, it should be noted that the 
training tasks and the test protocols were similar. It has been 
shown that balance training induces very task-specific performance 
improvements (i.e. balance training can improve the performance 
in trained tasks but may have only minor or no effects on non-
trained tasks) (30,31,32). Therefore, we also used the DGI and 
ABC scales, which are not specific to the Balance System™ SD. The 
DGI was developed as a clinical tool to assess gait, balance, and fall 
risk, and it represents balance during the most common activities 
of daily living. Additionally, we used the ABC scale, which is a 
self-reported measure of balance confidence, an important outcome 
for clinical trials in a patient-centered approach (4). It seems that 
postural balance training using the Balance System™ SD may 
improve task-specific test results and balance in a more general 
manner. 

Not all improvements in the performance-based measures 
listed above are always enough to say that balance training is 
effective. The ultimate goal of healthcare is to restore or preserve 
functioning and well-being related to health, which is defined as 
HRQOL (33). Thus, we measured the HRQOL of the participants 
to see how the balance training really affected the lives of patients 
with ET. The physical domain of the HRQOL as assessed by 
the SF-36 was significantly improved in patients with ET after 
the balance training. However, the mental component stayed 
unchanged. This is not a surprising result given that the aim of the 
balance training was to improve physical function not the mental 
component. The SF-36 includes questions about several activities 
of daily living such as walking and climbing stairs (24). These 
questions are closely related with the DGI and ABC scales. The 
improvement in the SF-36 - physical component was an expected 
result because the DGI and ABC scale scores were improved after 
the study. This result indicates that balance and walking ability are 
important life characteristics that provide a better quality of life in 
patients with ET. However, the HRQOL is a multi-dimensional 
concept that includes domains other than physical, also mental, 
emotional, and social functioning. In addition to rehabilitative 
regimes for improving physical functioning such as the current 
postural balance training program, other interventions for the 
remaining domains of HRQOL should also be included in the 
treatment of patients with ET. 

There are some potential limitations to our study. First, the 
design of the study was inadequate to make strong judgements. 

The small number of participants and lack of a control group limit 
the external validity of the findings. In the future, randomized 
controlled trials with a large sample should be conducted to show 
the effects of this balance training in patients with ET. Secondly, 
there was no follow-up period to evaluate the long-term effects of 
balance training. To be able to say a treatment approach is effective, 
it is important to know the long-term effects. Additionally, there 
might be a sample selection bias because all of the participants 
were able to walk without an assistive device. According to our 
experience, such programs usually address participants with 
higher physical function. Therefore, the current study was not able 
to show the feasibility and effects of the balance training program 
in more disabled patients with ET. Lastly, a program once per week 
for 8 weeks could be considered as inadequate because a limited 
body of data suggests that neuromotor exercise training should 
be performed at least twice per week (34). However, because of 
practical reasons, we decided to perform the program once per 
week and the results indicate that holding the program once 
weekly might be beneficial for patients with ET. Future studies 
should also evaluate different volumes, patterns, and progression 
styles because the available evidence is insufficient regarding 
neuromotor exercise training in patients ET and healthy and 
different disease populations (34). 

Conclusion

In conclusion, the results of this current study suggest 
that 8-week balance training is a feasible method that may be 
effective in improving balance performance and confidence, gait 
performance, and reducing fall risk in patients with ET. This 
balance training may also improve the physical component of the 
HRQOL of patients with ET. We believe that this study will help 
in designing randomized controlled trials, including larger sample 
sizes. 
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