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ABSTRACT

Objectives: We aimed to evaluate balance using the Tetrax Interactive Balance System (TIBS) in patients with Chiari type I malformation 
(CM-I) and to assess their fall risk with other clinical parameters.
Patients and methods: This cross-sectional, prospective study was conducted at physical medicine and rehabilitation outpatient clinics and 
neurosurgery department of a university hospital between December 2013 and December 2014. The study included a total of 36 patients 
(31 females, 5 males; mean age 40.6±10.0 years; range, 18 to 60 years) with CM-I. Dynamic balance was assessed using the Berg Balance Scale 
(BBS), and posturographic examinations were performed using the TIBS.
Results: The mean Fall Risk Index (FI) value was 42.4±29.8 and the mean BBS score was 55.5±1.5. The most common complaints were neck 
pain (94.4%), headache (88.9%), paresthesia (86.1%), fatigue (83.3%), and vertigo (80.6%). The mean tonsillar herniation below the foramen 
magnum was 8.7±3.8 (mm). Of the patients, 15 (42.85%) had syringomyelia. The degree of tonsillar ectopia was statistically significantly 
lower in patients with syringomyelia (p<0.05). The BBS scores were near identical among the patients with or without syringomyelia, 
although the FI values were lower in the patients with syringomyelia. Comparing cerebellar ectopia ≤9 mm versus >10 mm, the FI values 
were slightly higher in the patients with ectopia >10 mm, although there was no statistically significant difference in the FI or BBS values.
Conclusion: Our study results suggest that CM-I can decrease the body balance stability and, thus, increase the fall risk. Evaluation of 
balance in patients with CM using TIBS static posturography is a simple and effective technique.
Keywords: Balance; chiari type I malformation; fall risk; posturography; Tetrax Interactive Balance System.

The term Chiari malformation (CM), also known 
as the Arnold-Chiari malformation, refers to caudal 
displacement of the cerebellar tonsils through the 
foramen magnum. Although four types of CM have 
been described to date, types I and II account for 
the majority of the clinical cases.[1] The criterion for 
Chiari type I malformation (CM-I) is ectopia of the 
cerebellar tonsil >5 mm below the foramen magnum.[1] 
Syringomyelia of the cervical or cervicothoracic spinal 
cord may be seen and is typically present in 30 to 70% 
of patients with CM.[1-3] There are several non-specific 
symptoms of CM-I including headache, neck pain, 
gait disturbances, muscle weakness, numbness and 

other abnormal feelings in the arm and legs, visual 
disturbances, tinnitus, dizziness, dysphagia, hearing 
loss, and vomiting.[4]

To maintain the body balance, integration of 
the visual, vestibular, and somatosensory systems 
is essential.[5] Posturographic examinations with 
the Tetrax Interactive Balance System (TIBS; Tetrax 
Sunlight Medical Ltd., Ramat Gan, Israel) can be used 
to reliably assess the balance and stability. Balance 
disorders are commonly seen in the course of CM. Falls 
resulting in fracture or other musculoskeletal injuries 
have substantial personal and social burden worldwide 
along with immobilization and morbidity.[6,7]
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The evaluation of postural balance is extremely 
important to prevent falls. In patients with CM, 
due to the compression of the cerebellum at the 
posterior fossa and foramen magnum the symptoms 
related to cerebellar dysfunction such as dizziness, 
imbalance, and dysmetria can be observed. Thus, early 
detection of gait problems and assessment of fall risk 
are important in CM to avoid secondary complications 
due to falls through balance rehabilitation.

To the best of our knowledge, there is no previous 
report on changes in body balance in CM patients. 
Given the gait disturbances in this disorder, we 
aimed to evaluate the balance and fall risk with static 
posturography in patients with CM.

PATIENTS AND METHODS

This cross-sectional, prospective study was 
performed in patients with CM who were followed 
at the neurosurgery department of our university 
hospital. A written informed consent was obtained 
from each patient. The study protocol was approved 
by the İstanbul University, Cerrahpaşa Medical 
Faculty Ethics Committee. The study was conducted 
in accordance with the principles of the Declaration 
of Helsinki.

In total, 36 patients (31 females, 5 males; mean 
age 40.6±10.0 years; range, 18 to 60 years) who were 
diagnosed with CM-I were included in this study between 
December 2013 and December 2014. Exclusion criteria 
were as follows: having a neurological disease disrupting 
balance, medical treatment disrupting balance, a 
systemic disease such as renal failure or decompensated 
heart failure disrupting functional status, and any 
mental dysfunction disrupting cooperation.

Demographic and clinical characteristics were 
collected on admission and included age, sex, Body 
Mass Index (BMI), and symptoms related to CM 
(neck pain, headache, back pain, diplopia, hyperacusis, 
dysphagia, vomiting, paresthesia, vertigo, lassitude, 
urinary incontinence, syncope, dysphonia, and 
dysarthria). On neurological examinations, muscle 
strength, superficial sensation, deep tendon and 
pathological reflexes, and the Romberg test results 
were assessed.

All balance measurements were performed in the 
physiotherapy laboratory under the supervision of a 
physiatrist. Dynamic balance was measured using the 
Berg Balance Scale (BBS). The inter-rater reliability 
coefficients for the BBS was 0.83 for elderly residents.[8] 
Posturographic examinations were performed using 
the TIBS.[9]

The TIBS evaluates the static postural balance by 
recording vertical pressure f luctuations from both toe 
tips and from both soles, during standing position on 
the device. The system digitally save the data from 
these different measurement platforms simultaneously 
and document them as visual and numerical values. 
It has a dedicated software system and a computer 
which can provide all relevant data. The computer 
integrates and processed the inputs from the surfaces, 
and analyzes the patient’s balance. The patient’s fall 
risk is calculated by measuring the oscillation angle 
between the center of pressure and the center of the 
gravity. All patients were instructed to stand on with 
their barefoot on the marked platforms and not to talk 
or move during the test.

Eight different positions were evaluated: (i) head 
straight, eyes open, support solid, (ii) head straight, 

Table 1. Signs and symptoms of patients
 Absent Present

 n % n %

Neck pain 2 5.6 34 94.4
Headache 4 11.1 32 88.9
Back pain 10 27.8 26 72.2
Diplopia 29 80.6 7 19.4
Hypoacusis 21 58.3 15 41.7
Dysphagia 12 33.3 24 66.7
Vomiting 27 75 9 25
Paresthesia 5 13.9 31 86.1
Vertigo 7 19.4 29 80.6
Fatigue 6 16.7 30 83.3
Urinary incontinence 29 80.6 7 19.4
Syncope 30 83.3 6 16.7
Dysphonia 25 69.4 11 30.6
Dysarthria 22 61.1 14 38.9
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eyes closed, support solid, (iii) head straight, eyes 
open, support soft (iv), head straight, eyes closed, 
support soft, (v) head turned to the right, eyes 
closed, support solid, (vi) head turned to the left, 
eyes closed, support solid, (vii) head up, eyes closed, 
support solid, and (viii) head down, eyes closed, 
support solid. Using the TIBS, we assessed vertical 
pressure f luctuations on four separate elastic pads 
for 32 s. The Fall Risk Index (FI) were measured 
using this system. The FI is specified as a numeric 
value between 0 and 100. A value of 0-35 indicates a 
low risk, 36-57 indicates a moderate risk, and 58-100 
indicates a high risk of fall.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 22.0 software (IBM Corp., Armonk, NY, 
USA). All data were presented in mean ± standard 
deviation (SD). The normality of the data was assessed 
using the Shapiro-Wilk test. The independent samples 
t-test was used to compare normally distributed 
variables, while non-parametric Mann-Whitney 
U test was used to compare non-normally distributed 
variables (between-group comparisons). A p value of 
<0.05 was considered statistically significant.

RESULTS

Of the patients, the mean BMI was 29.3±6.1 kg/m2. 
The mean FI value as assessed by the TIBS was 
42.4±29.8, indicating a moderate risk of fall, while 
the mean BBS score was 55.5±1.5 indicating low fall 
risk.

The proportions of signs and symptoms in the 
patients diagnosed with CM-I are provided in Table 1. 
The most common complaints were neck pain (94.4%), 
headache (88.9%), paresthesia (86.1%), fatigue (83.3%), 
and vertigo (80.6%).

The mean tonsillar herniation below the foramen 
magnum was 8.7±3.8 mm. Of the patients, 15 (41.67%) 
had syringomyelia. Findings according to the presence 
of syringomyelia are provided in Table 2. The degree 
of tonsillar ectopia was statistically significantly lower 
in patients with syringomyelia than in those without 
(p=0.013). The BBS values were almost identical 
among the patients with or without syringomyelia, 
although the FI values were lower in the patients 
with syringomyelia. Comparing cerebellar ectopia 
≤9 mm versus cerebellar ectopia >10 mm, the FI 
values were slightly higher in the patients with ectopia 
>10 mm, although there was no statistically significant 
difference in the FI or BBS values (Table 3).

DISCUSSION

Signs and symptoms in patients with CM-I occur due 
to direct compression of the posterior fossa structures 
and altered cerebrospinal f luid f low dynamics at the 
craniocervical junction. The severity of the clinical 
signs is proportional to the impact on the f low of 
cerebrospinal f luid at the craniocervical junction,[10] 
and abnormal cerebrospinal f luid f low patterns are 
detected significantly more often in patients with 
symptomatic CM-I than in those with asymptomatic 
tonsillar ectopia.[11]

Table 2. Findings according to the presence of syringomyelia
 Without syringomyelia (n=21) With syringomyelia (n=15)

 Mean±SD Median Min-Max Mean±SD Median Min-Max p

Age (year) 43.0±9.6   37.2±9.9   0.090
Body Mass Index 28.5±5.1   30.6±7.3   0.309
The amount of ectopia (mm) 10.0±3.9   7±3.0   0.013*
Berg Balance Scale 55.1±1.9 56 48-56 55.9±0.3 56 55-56 0.145
Fall Risk Index 47.3±32.7 38 2-100 35.6±24.5 30 0-96 0.289
SD: Standard deviation; Min: Minimum; Max: Maximum.

Table 3. Comparison of patients according to degree of cerebellar ectopia (Group 1: ≤9 mm, Group 2: ≥10 mm)
 Group 1 (n=23) Group 2 (n=13)

 Mean±SD Median Min-Max Mean±SD Median Min-Max p

Age (year) 39.6±9.5   42.3±11.0   0.439
Body Mass Index 30.3±6.2   27.7±5.7   0.217
Berg Balance Scale 55.8±0.7 56 53-56 54.9±2.3 56 48-56 0.080
Fall Risk Index  41.6±28.8 38 0-100 44±32.6 38 0-100 0.217
SD: Standard deviation; Min: Minimum; Max: Maximum.
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Signs and symptoms of CM vary widely. The 
most common symptoms are headache, neck pain, 
gait disturbance, muscle weakness, numbness and 
other abnormal feelings in the arms and legs, visual 
disturbances, tinnitus, dizziness, dysphagia, hearing 
loss, and vomiting.[4] However, diagnosis of the 
disease without radiological evaluation is difficult, 
as there is no specific finding.[4,12,13] Due to the 
compression of the cerebellum at the posterior fossa 
and foramen magnum, the symptoms are related 
to cerebellar dysfunction. Typical complaints are 
dizziness, imbalance, and dysmetria. The most 
common symptoms in this study group were neck 
pain (94.4%), headache (88.9%), paresthesia (86.1%), 
fatigue (83.3%), and vertigo (80.6%). In a retrospective 
study, Wu et al.[14] evaluated 49 pediatric patients 
under 14 years of age. The most common symptoms 
were headache, neck pain, and ataxia. Also, the 
magnitude of tonsillar ectopia was found to be 
correlated with neurological severity scores, but not 
with other clinical measures.

Syringomyelia is present in 30 to 70% of CM-I 
patients.[1-3] The progression of syringomyelia 
associated with CM-I is due to the action of the 
cerebellar tonsils, which partially occlude the 
subarachnoid space at the foramen magnum and 
act as a piston on the partially enclosed spinal 
subarachnoid space.[15] Syringomyelia can be also 
associated with specific clinical signs and symptoms. 
Gait disturbance is one of the signs seen in patients 
with CM-I with syringomyelia. In our study, 15 
patients (41.67%) had syringomyelia, consistent with 
the literature reports.[1-3]

Postural instability is a major problem in 
neurological diseases and it increases the frequency 
of falls and their consequences.[16] In CM-I patients, 
decreased balance control may lead to fall injuries 
that can result in serious physical, psychological, and 
social impairment. Thus, improving balance may 
reduce CM-I-related cerebellar symptoms and related 
fall injuries. On this basis, we assessed balance with 
static posturography in CM-I patients. To the best of 
our knowledge, this is the first reported study to assess 
balance practically in CM patients.

Posturography is a balance measurement tool that 
is used to quantitatively assess postural stability and 
postural responses.[9] It is based on computerized 
elaboration of electronic signals emitted by four 
surfaces from both toe tips and both soles. In this way, 
investigation of the visual, somatosensory, motor and 
central nervous systems can be performed.[9]

Although previous studies regarding balance 
disorders used many different balance evaluation tests, 
the use of the TIBS to evaluate the balance functions 
has gained popularity in recent years.[17-20] A recent 
study has demonstrated the high test-retest reliability 
of TIBS in young healthy adults with low physical 
activity level.[21]

A study which investigates postural performance 
in cervical radiculopathy found statistically higher 
fall risks in patients with cervical root compression 
group, compared to the patients without cervical 
root compression.[22] They interpreted these results 
as inadequate transmission of proprioceptive/
sensory information to the medulla spinalis. Also, 
posturographic assessment of body balance was 
used in neurological disorders and found to be a 
useful tool for the evaluation of balance.[18-20] Other 
than neurological problems, visual impairments can 
also affect postural stability and increase FI during 
posturographic examination.[23]

A study investigating the effect of hemodialysis 
on balance found the FI score to be significantly 
higher after hemodialysis and they emphasized the 
risk of falling in all age groups of patients with renal 
insufficiency following hemodialysis.[24] On the other 
hand, Akdeniz et al.[25] highlighted the importance 
of hypovitaminosis of vitamin D for risk of falling. 
They found better balance control and decrease FI in 
patients with serum 25-OH-vitamin D levels higher 
than 50.0 nmol/L in women aged 60 and above. Besides 
the balance evaluation, the TIBS can also be used 
effectively for exercise applications in patients with 
risk of falling.[26,27]

Further evaluation of balance and treatment 
protocols in CM-I are required. In the present study, 
balance measurements were performed using the TIBS 
static posturography, which can also measure FI. The 
mean fall risk of the patients was 42.4±29.8, indicating 
a moderate risk of fall. The FI values were lower in 
patients with syringomyelia; however, no statistically 
significant difference was seen between patients with 
or without syringomyelia (p=0.289). Also, the BBS 
values were almost identical among the patients with 
or without syringomyelia (p=0.145).

The clinical presentation of CM-I is not always 
correlated with the degree of cerebellar tonsillar 
ectopia.[4,28] In this study group, the degree of tonsillar 
ectopia was statistically significantly lower in patients 
with syringomyelia than in those without (p=0.013). 
However, no correlation was observed between the 
degree of cerebellar ectopia and clinical symptoms. 
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Although there was no statistically significant 
difference in the FI or BBS values between the 
groups (patients with cerebellar ectopia ≤9 mm 
versus >10 mm), the FI values were slightly higher in 
patients with ectopia >10 mm (p=0.217).

Previously, the TIBS has been used to predict 
the fall risk in patients with diabetic neuropathy, 
cervical spinal injuries, Parkinson’s disease, and 
multiple sclerosis, as well as to assess balance ability 
in stroke patients.[17-19] However, it was not used before 
to evaluate balance control in patients with CM. 
Therefore, this is the first reported study to use TIBS, 
and other methods, to demonstrate the importance of 
balance training in this patient group.

Based on our findings, CM-I can decrease body 
balance stability and, thus, increase the risk of a fall. 
We found a moderate risk of fall with posturographic 
evaluation in our study group. Posturographic 
examination of body balance with the TIBS is simple 
and practical. However, the main limitations to this 
study include its small sample size and lack of a healthy 
control group. Therefore, further large-scale studies 
involving healthy controls should be performed to 
confirm our findings.

In conclusion, our study results show that CM-I can 
decrease balance stability, and evaluating the balance 
of patients with CM using TIBS static posturography 
is a simple and effective technique. Also, balance 
training should be considered for patients with an 
impaired balance. Further evaluations of balance and 
treatment protocols are needed to improve balance 
control in this patient group to reduce related falls and 
complications.
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