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BALANCE PERFORMANCE IN DUAL TASK IN PATIENTS
WITH CERVICAL DISC HERNIATION RELATED
CHRONIC NECK PAIN: A COMPARATIVE STUDY

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of the study was to compare balance performance in dual task between patients
with cervical disc herniation (CDH) related chronic neck pain and asymptomatic controls.

Methods: Thirty-two patients with CDH related chronic neck pain and twenty-three age and sex-
matched asymptomatic controls participated in this cross-sectional controlled study. The modified
clinical test of sensory integration of balance (mCTSIB), athletic single leg test (ASLT), limits of
stability (LOS), and fall risk assessment were performed with and without a cognitive task. Dual task
interference (DTI) was assessed.

Results: According to our findings, the change in the mCTSIB values (except standing with eyes
closed on a firm surface) and fall risk scores was greater in the CDH group compared to the control
group (p<0.05). Additionally, the DTI of the mCTSIB values (except standing with eyes closed on a firm
surface) and fall risk scores were higher in the CDH group than in the control group (p < 0.05).
Conclusions: The results of study suggest that patients with CDH related chronic neck pain have
poorer postural control and increased fall risk under dual task conditions. Patients with CDH related
chronic neck pain should participate in rehabilitation program to increase balance and postural control.

Key Words: Balance, Cervical Disc Herniation, Disability, Dual-Task, Postural Control

SERVIKAL DiSK HERNIASYONUYLA iLiSKiLi KRONIK
BOYUN AGRISI OLAN HASTALARDA iKiLi GOREVDE
DENGE PERFORMANSI: KARSILASTIRMALI BiR
CALISMA

ARASTIRMA MAKALESI

0z
Amac: Calismanin amaci, servikal disk herniasyonu (SDH) ile iliskili kronik boyun agrisi olan hastalar ve
asemptomatik kontroller arasindaki ikili gérevdeki denge performansini karsilastirmakti.

Yontem: Bu kesitsel kontrollii calismaya SDH ile iliskili kronik boyun agrisi olan otuz iki hasta ve
yas/cinsiyet uyumlu yirmi t¢ asemptomatik kontrol katildi. Modifiye Klinik Duyu Entegrasyon Testi
(mKDET), atletik tek bacak testi (ATBT), stabilite limitleri (SL) ve diisme riski degerlendirmesi, bilissel
bir gérevle ve bu gorev olmadan gerceklestirildi. ikili gorev etkilesimi (IGE) degerlendirildi.

Sonuglar: Bulgularimiza gére mKDET degerlerindeki degisim (gozler kapali olarak sert bir zeminde
ayakta durma disinda) ve diisme risk skorlarindaki degisim SDH grubunda kontrol grubuna gére daha
fazlaydi (p<0,05). Ek olarak, mKDET degerlerinin iGE 'si (gézler kapali bir zeminde ayakta durmak haric)
ve diisme riski skorlari SDH grubunda kontrol grubuna gére daha yiiksekti (p <0,05).

Tartigma: Calismanin sonuclari, SDH ile iligkili kronik boyun agrisi olan hastalarin, ikili gérev kosullari
altinda daha zayif postiiral kontrole ve artan diisme riskine sahip oldugunu gostermektedir. SDH
ile iliskili kronik boyun agrisi olan hastalar denge ve postiiral kontrolii artirmak icin rehabilitasyon
programina katilmalidir.

Anahtar Kelimeler: Denge, Servikal Disk Hernisi, Ozirliiltik, ikili Gorev, Posttiral Kontrol
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INTRODUCTION

Dual-task is defined as doing more than one task
at a time, and fail of this one or more simultaneous
tasks is called as dual task interference (DTI) (1).
The frontal lobe is responsible for higher cognitive
functions such as memory, motor function, problem
solving, and dual-tasking (2). Dysfunction of the
frontal lobe may result in a consequent reduction
in attentional capacity and this is thought to be the
neurological background of DTI. (3). Therefore, in
conditions such as aging and neurological diseas-
es, DTl increases (1, 4). Chronic pain is another con-
dition which is related with cognitive impairments
and alters the structure of the brain, especially the
frontal lobe (5, 6). Therefore, chronic pain may also
increase the DTI (7).

Higher DTI during postural control increases risk of
falls, disability and death (8, 9), and therefore, it is
important to determine the effects of pain related
disability on dual task performance. Intense pain
and moderate disability are seen most patients
with symptomatic cervical disc herniation (CDH)
(10). Since neck pain and disability affect negative-
ly neck motion and motor control (11), it is highly
likely that patients with neck pain related disabili-
ty would display DTI during postural control with a
cognitive task. In addition, the cervical region, its
rich proprioceptive content, the cervical afferents
that form the basis of the vestibular reflex, and
the visual sense perception associated with neck
movements, affect all three mechanisms that are
effective in providing postural control (12). A prob-
lem which might arise in cervical region can be lead
to significant postural instability and fear of falling
(13). Additionally, it is demonstrated that patients
with neck pain have altered spatiotemporal param-
eters and neck and trunk kinematics during walking
while performing concurrent head movements (14,
15).

As mentioned above, it is seen that the effects of
neck pain and dual task are mostly emphasized. To
the best our knowledge, there is no study direct-
ly investigating the relationship between CDH and
dual task in the literature. However, CDH is a fre-
quent reason for neck pain in adults (16). It is very
important for patients with CDH to perform more
than one task at the same time for many activities
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of daily living. However, considering the disruptions
seen even in single tasks due to postural instability,
it is possible that problems may arise in perform-
ing dual-task focused activities. Therefore, the aim
of this study was to compare balance performance
in dual task between patients with CDH related
chronic neck pain and asymptomatic controls.

METHODS
Study design and participants

This study was designed cross-sectional controlled
study (ClinicalTrials.gov Identifier: NCT05338788).
Thirty-two patients with CDH related chronic neck
pain and twenty-three age and sex-matched as-
ymptomatic controls participated in this study.

Patients who aged 20-50 years, had neck pain
for at least 12 weeks, having disc prolapse with
neck pain symptom between C3 and C7, patholo-
gy confirmed by magnetic resonance imaging, no
disease other than CDH that might affect balance,
no vertebrobasilar insufficiency, no tumour, trau-
ma, fracture pathology in the spinal region and no
history of spine surgery were included. People with
cognitive, orthopaedic or neurological diseases
that could negatively affect the evaluations were
excluded. Age- and sex-matched asymptomatic
controls without any known disease diagnosis and
health problems that would affect the evaluations
were included.

All procedures performed in studies involving hu-
man participants were in accordance with the eth-
ical standards of the institutional and/or national
research committee and with the 1964 Helsinki
declaration and its later amendments or compa-
rable ethical standards. The study protocol was
approved by the local ethics committee of Izmir
Bozyaka Education and Research Hospital (Report
number and date = 08 and 08.05.2019). Informed
consent was obtained from all participants includ-
ed in the study.

Data collection

The Neck Disability Index (NDI): The patients’
self-reported neck pain related disability was as-
sessed with the NDI. It assesses the level of neck
pain related disability during activities of daily liv-
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ing. The NDI is 10-item questionnaire and evalu-
ated between 0 and 50 points. Increasing score is
associated with increased disability (17, 18).

The Biodex Balance System (BBS; Biodex Medi-
cal Systems, Shirley, New York, USA) was used to
assess postural control. This system allows indi-
viduals to measure their stability limits. It also ex-
amines the control of the center of gravity on the
support surface and balance abilities when trying
to move it. The evaluated parameters of this sys-
tem are presented below:

-The modified Clinical Test of Sensory Integration
of Balance (mCTSIB): The mCTSIB was used to as-
sess individuals’ capability to use sensory inputs
for balance. Four conditions (standing with eyes
open or closed on a firm or foam surface) were
assessed. An increasing score indicates impaired
postural control (19).

-Athletic Single Leg Test (ASLT): The evaluation
was made with eyes open and closed on one leg
(dominant limb) on a firm floor on the balance de-
vice platform. Each test lasted 10 seconds and with
3 repetitions. The average of 3 measurements was
recorded as the ‘Athletic Single Leg Test’ score. As
the score increases, the balance deteriorates (20).

-Limits of Stability (LOS): This test is the best test
that measures dynamic control among the stan-
dard sway tests. It is a test with a total of nine
goals by standing on the platform and hitting the
targets in one centre and eight different directions
on the screen (21). As the score increases, dynamic
control deteriorates.

-Fall risk assessment: The pre-test platform lev-
el was adjusted so that the starting position was
12 and the ending position was 8. A test protocol
was created, consisting of three tests (20 seconds
each) for a total of 60 seconds, and a 10-second
rest period was given between each test. The mean
of these three tests was accepted as the fall risk
index score. The higher the score is associated with
the higher the risk of falling (22).

Measurement procedure

In order to avoid the order bias of postural control
measurements during “Single-task” and “Dual-task”
for each case, the order of the measurements was
determined by randomization on the first day by
using sealed envelope method. After single/dou-
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ble task randomization was made, the order of
tests was also randomized by using sealed enve-
lopes containing two different orders (1-mCTSIB,
2-ASLT, 3-Fall test, 4-LOS and 1- LOS, 2- Fall test,
3- ASLT, 4-mCTSIB).

Before starting the evaluations, the participants
were informed about the tests. Considering meth-
odological bias, the same investigator performed
all assessments and all participants received stan-
dardized and identical instructions.

Single and dual task measurements were made as
follows:

Single task measurements involved the measure-
ment of balance parameters by using Biodex Bal-
ance System without any additional cognitive task.
For assessment of dual task performance, the par-
ticipants were asked to perform an additional cog-
nitive task (counting backwards from 200 by three
or seven) during measurements (23).

DTl values were calculated for all balance parame-
ters using the formulas below (24):

DTl %= (Dual Task-Single Task)/Single
Task*100

Sample size

A previous study has shown that the balance is
disturbed with dual task (p<0.05) (25). Based on
the findings of that study, the minimum required
sample size for an analysis was calculated as 31
participants for the probability level of 0.05; the
anticipated effect size as 0.458; and a statistical
power level of 80% when using G*Power Software
(version 3.1.9.2).

Data analysis

The data was analysed by using the IBM® SPSS®
Statistics for Windows software (ver. 22.0; IBM
Corp., NY, USA). Shapiro-Wilk test and histograms
were used to check normality. To compare the in-
dependent groups, independent samples t-test,
Mann-Whitney U Test or chi-square test were used.
The paired sample t-test was used to assess the
mean difference between single and dual tasks
within the groups. Two-way repeated measures
analysis of variance was used to compare ‘condi-
tion’ and ‘group*condition’ interaction between the
groups.



Table 1. Characteristics of the Participants
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CI?:I =G3r§)up Asymptomatic Group (n=23) p
Age (year) 41.09+5.68 39.61+3.60 0.275%
Gender (Female, n (%)) 19 (59.4) 12 (52.2) 0.595°
Height (cm) 168.69+9.24 172.48+9.46 0.1432
Weight (kg) 75.09+13.10 70.30+11.47 0.165%
Body mass index (kg/m?) 26.35+3.94 23.52+2.39 0.0042
Neck Disability Index 12.88+4.77

Cervical pain duration (months)

Disc herniation level

One level disc herniation (n (%))
Two level disc herniation (n (%))
Three level disc herniation (n
Disc herniation stages
Bulging (n (%))

Protrusion (n (%))

Bulging+ Protrusion (n (%))

(%))

36.00 (12.00-72.00)

16 (50.0)

8 (25.0)
15 (49.6)
9(28.1)

a: Student t Test, b: Chi-square Test.

Values are expressed as meanzstandard deviation for continuous variables and ‘n" were reported for categorical variables.

RESULTS

Based on the data obtained from thirty-two pa-
tients with CDH related chronic neck pain (59.4 %
female) and twenty-three controls (52.2 % female)

Table 2. Comparison of Outcomes

were analysed. The demographic characteristics

(age, sex, height, weight) except body mass index
of the two groups were similar (p > 0.05, Table 1).
The clinic characteristics (neck disability level, cer-

vical pain duration, disc herniation level, disc herni-

Asymptomatic Group

- 2
CDH Group (n =32) (n=23) p
Outcome Measures p' p'
Single Task Dual Task Single Task Dual Task Condition Groyp.v
Condition

mCTSIB

EO-Firm sway index 0.47+0.13 0.70:020  <0.001  0.54:0.12 0.58+0.17 0265 <0.001 0.009 (0.121)

(score) (0.215)

EC-Firm sway index (score) ~ 0.70+0.20 0.81+0.27 0065  0.83:036  091:029 0224 0.034(0.082) 0.654 (0.004)

E?;;am sway index 0.68+0.20 106:036  <0.001  0.87+0.48 0.93:026 0618 0.002 (0.169) 0.023 (0.094)

Eccoi‘;;"m sway Index 1.35:047 1.66+0.45 0.003  1.82:026 1.85:021 0727 0.013(0.111) 0.034 (0.082)
ASLT

Overall (score) 0.78+0.23 0.94:0.47 0051  0.62:0.15 0.66:0.19 0291 0.046 (0.073) 0261 (0.024)

AP (score) 0.50+0.14 0.64+0.39 0065  0.47:0.15 0.50:0.12 0295 0059 (0.066) 0261 (0.024)

ML (score) 0.50+0.23 0.57+026 0183  0.45:0.12 0461011 0517 0.182(0.033)  0.424(0.012)
Los

Overall (score) 4413:904  4650:12.07 0263  42.74+877  44.87:7.07 0225 0.120(0.045) 0.932 (< 0.001)

Time (sn) 47.66:8.81  49.47:13.09 0367 5335:11.28 54611676 0534 0292 (0.021)  0.849 (0.001)
Fall risk assessment

) <0.001
Fall risk (score) 1.30+0.33 1.71+0.36 <0.001 1.43+0.45 1.49+0.35 0.570 (0.220) 0.006 (0.136)

mCTSIB: Modified Clinical Test for Sensory Integration of Balance, ASLT: Athletic Single Leg Test, AP: Anteroposterior, ML: mediolateral, EO: Eyes open, EC:
Eyes closed, Firm: Firm surface, Foam: Foam surface, LOS: Limits of Stability.
Note: p1, paired sample t-test; p2, two-way repeated measures analysis of variance. Values are expressed as mean + standard deviation. Figures in parentheses

are effect sizes.
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Table 3. Comparison of Dual-Task Interference

CDH Group

Asymptomatic Group

(n =32) (n=23) P

mCTSIB

DTI EO-Firm sway index % 39.95 (0.39-80.44) 5.55 (-11.76-14.03) 0.007

DTI EC-Firm sway index % 19.64 (-9.01-54.22) 8.75(-10.71-42.85) 0.726

DTI EO-Foam sway index % 54.88 (12.57-91.64) 27.58 (0.00-61.76) 0.022

DTl EC-Foam sway index % 18.12 (-2.01-58.86) 2.23 (-6.63-11.79) 0.024
ASLT

DTI Overall % 18.33 (-12.15-48.21) 0.00 (-16.66-20.00) 0.146

DTI AP % 0.00 (-20.00-75.00) 0.00 (-12.50-25.00) 0.869

DTI ML % 22.50 (0.00-44.09) 0.00 (-14.28-25.00) 0.199
LOS

DTI Overall % 3.08 (-14.45-20.78) 3.70 (-4.25-10.86) 0.865

DTI Time % 0.34 (-12.79-12.54) 3.50 (-10.76-13.33) 0.959
Fall risk assessment

DTI Fall risk % 26.78 (1.92-55.82) 10.00 (-9.52-25.00) 0.019

mCTSIB: Modified Clinical Test for Sensory Integration of Balance, ASLT: Athletic Single Leg Test, AP: Anterior-posterior, ML: mediolateral, EO: Eyes open, EC:

Eyes closed, Firm: Firm surface, Foam: Foam surface, LOS: Limits of Stability.
Note: Mann-Whitney U Test Values are expressed as median (25-75 quartiles)

ation stages) of the patients are presented in Table
1.

According to our findings, the change in the mCTSIB
values (except standing with eyes closed on a firm
surface) and fall risk scores was less than in the
control group compared to the CDH group (p<0.05,
Table 2). Additionally, the ASLT and the LOS scores
were similar between the groups (group x condi-
tion interactions) (p>0.05, Table 2).

The DTI of the mCTSIB values (except standing
with eyes closed on a firm surface) and fall risk
scores were higher in the CDH group than in the
control group (p < 0.05, Table 3). There was no sig-
nificant difference in DTI in the ASLT and the LOS
tests between the two groups (p>0.05, Table 3).

DISCUSSION

The primary finding of the study reported that
the impairment in postural control performance
and increased risk of falling throughout dual task
was more prominent in patients with CDH related
chronic neck pain than in asymptomatic controls.

Postural control is of vital importance for the
maintenance of activities of daily living (26). It has
been reported that deterioration in postural con-
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trol is increased in patients with chronic neck pain
compared to healthy individuals (27). The postural
control problems increase risk of fall and mortali-
ty (28). Also, a previous review noted the negative
effects of dual tasks on postural stability (9). The
DTl is a consequences of frontal lobe dysfunction
(2). Additionally, chronic pain alters the structure
of the brain especially frontal lobe (6). Hamacher
et al. showed that chronic pain increases the DTI
by decreasing motor-cognitive dual-task perfor-
mance capacity (7). A previous study has shown
that patients with chronic neck pain have more
severe impairments in postural control of different
sensory and dual-task conditions. (14). A system-
atic review postulated that neck proprioception is
deteriorated in people with neck pain compared to
healthy controls (29). Neck pain has been shown
to impair input from cervical mechanoreceptors
and it has been claimed that impaired cervical in-
put may be the reason for poorer balance in people
with neck pain (29, 30). When the studies in the
literature are examined, it is seen that the effects
of neck pain and dual task are mostly emphasized.
To the best our knowledge, there is no study di-
rectly investigating the relationship between CDH
and dual task in the literature. As you know, cervical



disc herniation is a frequent reason for neck pain
in adults (16). Our study suggests that patients
with CDH related chronic neck pain have poorer
postural control under concurrent dual tasks condi-
tion. All the three mechanisms which are influential
in maintaining postural control are influenced by
the cervical region, its rich proprioceptive content,
the cervical afferents which create the basis of
the vestibular reflex, and the perception of visual
sense linked with neck movements (12). Addition-
ally, chronic pain which alters the structure of the
brain, especially the frontal lobe, increase the DTI
(5). For these reasons, a situation that will affect
the cervical region such as pain can explain cause
of deterioration of postural control during dual task
conditions in patients with CDH.

Dual-task testing is a widely used method of eval-
uating the relationship between cognition and mo-
bility. Additionally, the DTl is associated with future
fall risk, and this association is stronger than that
for single-task conditions (31). Chronic pain has
been shown to decrease the ability to complete
motor-cognitive dual tasks. These effects are gen-
erated by central mechanisms in which pain impairs
executive functioning, potentially increasing the
chance of falling (7). Additionally, dual-task mea-
sures were more predictive of falls than single-task
measures (32). The gap in performance between
dual-task and single-task walking trials has been
shown to be important to discriminate between
falls (33). Our study suggests that patients with
CDH related chronic neck pain have increased fall
risk compared controls under concurrent dual tasks
condition.

This study had some limitations. First, the patients
with cervical disc herniation related chronic neck
pain had mild neck pain related disability (NDI
score=12.88+4.77). The results may be different,
especially in patients with high disability due to
neck pain. Second, this study had a cross-sectional
design. Making inferences concerning the causality
relationship among the variables is impossible due
to the study’s cross-sectional design. Third, only
motor effects were evaluated with the cognitive
task given as dual task in our study. However, in
these patients, cognitive impairment may be ob-
served in addition to motor impairment during the
dual task. Future studies can be conducted with a
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design to evaluate both impairments.

The results of study suggest that patients with
CDH related chronic neck pain have poorer postur-
al control and increased fall risk under dual task
conditions. Patients with CDH related chronic neck
pain should participate in rehabilitation program to
increase balance and postural control.
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