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Introduction
 Motion sickness is caused by non-adapted motion stimuli and due 
to inter-sensory perceptual incongruence between the visual, vestibu-
lar, and somatosensory system [1].

 The exact cause of motion sickness is unknown, but motion sick-
ness is generally thought to produce by environmental challenges 
such as repetitive linear and or angular accelerations and difference 
between perceived motion and visual stimuli of motion. Thus, ears 
and eyes are considered as the potent receptors of provocation of mo-
tion sickness [2].

 Many studies have been done to establish the cause and objective 
criteria for diagnosis and evaluation motion sickness. The greatest in-
cidence of motion sickness is seen at a heave frequency of about 0.2 
Hz, from a threshold value of the 0.1 m.s2 [3].

 According to recent evidences combination of roll and pitch with 
heave produce significant motion sickness i.e. a non-linear interaction 
between roll, pitch and heave. And horizontal translational oscilla-
tions in the surge i.e. linear longitudinal directional motion show peak 
potential for motion sickness at frequency of 0.2 Hz [4].

 Along with this the break frequency between tilt and oscillation 
perception of otolith’s is around 0.2 Hz which in turn produces mo-
tion sickness [3]. According to the evolutionary theory, motion sick-
ness is essentially a response to poisoning [5].

 Here vestibular function has been proposed as a toxin detector. 
Thus, the evolutionary purpose of what we call ‘motion sickness’ is 
considered to be the same as for any emetic response, which is to 
protect the organism from the toxic effects of potentially harmful sub-
stances that it may have ingested [2].

 This “toxin detector” hypothesis proposes that the brain provides 
a ‘backup’ to the main toxin detector system of chemoreceptors of 
the afferent vagal nerves and the chemoreceptor trigger zone of the 
brainstem [6].

 According to this hypothesis, motion sickness occurs by activation 
of defence reflex by the sensory conflicts produced by altered visual 
and environmental stimuli [6]. The sensory conflict theory of motion 
sickness was proposed by Reason and Reason and Brand was devel-
oped into a quantitative model by Oman.

 Sensory conflict theory states that conflict of motion stimuli alone 
is not sufficient to cause motion sickness. This sensory conflict can 
only lead to be nauseogenic when a perceived conflicting stimulus is 
different from what is expected from previous experience [7]. There-
fore both the theories appear to be equivalent but the computation of 
conflict differs based on the involvement of vestibular and opto-kinet-
ic signals [7].

 A theory based on the vestibulo-occular reflex and on gravitation-
al inertial vector orientation, links the theoretical and physiological 
framework of sensory conflict theory [7]. It states that the motion  
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Abstract
Introduction: This vestibular malfunction leads to symptoms from 
dizziness, orientation problems and postural disequilibrium to the 
distressing visual symptoms of vertigo (an illusion of rotatory motion) 
and nystagmus during activities that require head movement sug-
gesting that vestibular disorders markedly disrupt balance control. 
Therefore, in this study an attempt was made to assess whether indi-
viduals with motion sickness are having impaired balance compared 
to the healthy counterparts.

Aim: To compare the balance of individuals with and without motion 
sickness.

Materials and Methods: There were two groups in this study. Each 
group was having 48 participants.

 Group A was individuals with motion sickness (Experimental 
group) and group B was individuals without motion sickness, (control 
group). Balance of both the groups was assessed using, Neuro-Com 
basic balance manager i.e. Basic Balance Master (Version 9.2) from 
Natus balance and mobility. The test administered were unilateral 
stance and CTSIB.

Results: There was statistically significant difference in sway ve-
locity of both the groups in m CTSIB as well as unilateral stance. 
(p<0.001). Increased sway velocity was found in group with motion 
sickness.

Conclusion: Balance was affected in individuals with motion sick-
ness.

Keywords: Balance; CTSIB; Motionsickness; Sway velocity; Unilat-
eral stance
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sickness is related to the difference between the yaw eigenvector, 
these are the orientation vectors which can be activated by veloci-
ty with specific direction, velocity storage etc. This mechanism in-
tegrates and co-ordinate signals for self-motion perception and the 
actual vestibular velocity signals [7].

 Most sickness-provoking sensory conflicts can be classified into 
two different categories:

1) Conflict between visual an vestibular/proprioceptive signals and 

2) Conflict between canal and otolith signals [8].

 Riccio and Stoffregen put forward the ecological theory of mo-
tion sickness which is based on the hypothesis that motion sickness 
is caused by postural instability, a loss of postural control [9]. Vari-
ous studies have been done to correlate motion sickness and postural 
stability in nauseogenic environment as well as postural sway in the 
absence of visual cues. And it explains connection between motion 
sickness and verticality perception [7,10].

 Also, motion sickness is thought to arise from conflicting informa-
tion from different sensory modalities, this system works to identify 
ones motion with respect to his environment, this has been termed as 
neural mismatch theory [11].

 The neural mismatch theory is given by Holst’s and later modifica-
tions of this concept proposed by Groen and Held. Neural mismatch 
theory hypotheses that brain mostly evaluates the sensory information 
which gets stored in the form of memory and then updates on the ba-
sis of experiences interacting with environment. The key component 
for adaptation is the neural store [11].

 If there is a discrepancy between the present inputs and these 
stored patterns, a mismatch signal is generated which triggers the 
various neural and neuro-humoral mechanism mediating the nausea 
syndrome and the allied perceptual disturbances [11].

 The severity of the motion sickness reactions and the allied per-
ceptual phenomena are presumed to be directly proportional to the 
strength of this signal [11]. Also evidence suggests that posture may 
play an important role in the development of disorientation and nau-
seous symptoms [12].

 Hence in all the theories vestibular system is considered as a cru-
cial to produce conflict with other system leading to motion sickness, 
thus to elicited motion sickness the conflict between the vestibular 
system and other sensory systems should occur. Or else it should oc-
cur in between the vestibular canals or otolith in relation to motion 
[13]. Vestibular system provides information about the position and 
the movement of head with respect to gravity and inertial forces form-
ing gravito-inertial frame of reference [10].

Postural control

 Postural control is an important factor of the motor system when 
performing activities of daily living. Human ability to maintain an 
upright stance and perform locomotion is guided by somatosensory, 
vestibular and visual information used in a complex regulatory feed-
back system - the postural control [14].

 Information from the vestibular, visual, and somatosensory system 
is combined to produce appropriate postural adjustments for partic-
ular motor task. Each of these systems provides accurate kinematic  

feedback about position, velocity and acceleration variables of move-
ment contributing to appropriate postural control [15].

 The control of posture is dependent on the interaction between 
sensorimotor system, which obtains information from the visual, ves-
tibular, and somatosensory system [14].

The somatosensory system
 There are two types of somatosensory receptors. Proprioceptive 
receptors sense the position, movements and tension in muscles, ten-
dons and joints thereby detecting the position and load of the differ-
ent body segments and limbs. Exteroceptive receptors sense pressure 
and forces acting on the skin [16]. Postural control is dependent upon 
a certain amount of proprioceptive information to maintain balance 
when deprived of vision [17].

The vestibular system
Vestibular system works on two components for postural control:

1. A peripheral sensory system and

2. A central processing unit

 A peripheral sensory system consists of semi-circular canal and 
otolith which works as motion sensors. These sensors send informa-
tion to central nervous system about head angular velocity, linear ac-
celeration and orientation of head with gravitational axis [18].

 Then central processing unit receives and combines information 
from peripheral sensory organs of vestibular system and other senso-
ry system to estimate head orientation. On the basis this information 
extra ocular muscles and the spinal cord generate two reflexes; the 
vestibulo-ocular reflex and vestibular-spinal reflex [19].

 Vestibule-ocular reflex controls eye movements and enhances the 
quality of visual information by stabilizing the retinal image and im-
prove visual perception.

 And vestibular-spinal reflex controls body motion compensation, 
to maintain head and postural stability to prevent falls. The perfor-
mance of both the reflexes is monitored by the central nervous system 
and when necessary they are adapted [19].

The visual system
 The visual system uses the light-sensitive photoreceptor cells in 
the retina to detect movement in the visual field. Visual perception of 
the body motions depend on the three dimensional structure of the en-
vironment as well as on the visual conditions such as illumination and 
accommodation. A movement in the visual environment might evoke 
a sensation of self-motion and postural imbalance by the optokinetic 
effect. But visual information is important but not essential in postural 
control [20].

 Vision is generally ascribed three important functions relevant to 
motion control.

1. Vision detects fast and unexpected changes in the visual field and 
thereby activates appropriate anticipatory movements.

2. Vision is used for determining the speed and distance to a target, 
providing information about the forces and direction of the move-
ments required to reach the target.

3. Vision is used for detecting the motion of one’s own body, thereby 
providing a frame of reference, which can be used for continuous 
correction of the motions needed to maintain balance or follow an 
object [21].
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 Also visual information can also compensate for vestibular le-
sions, suppress nystagmus and postural imbalances and to some ex-
tent also compensate for loss of proprioceptive information.

 Visual information can provide a frame of reference, which re-
duces the high frequency motion necessary to withstand a postural 
disturbance and maintain balance [22].

 Recently the integrity of the postural control system is typically 
evaluated using static and/or dynamic posturography [23]. Assess-
ment of postural control using posturography gives sensitive mea-
surements for early detection or pre-clinical changes in the postural 
control system [24].

 The Balance Master®, is one of these key measurement system. 
Balance master software gives three measurements of COG:

1. The sway velocity (degrees/s) which is mean for each test condi-
tion. 

2. The composite Limits of Stability across all four test conditions, 
and

3. The COG alignment.

 Static posturography, analyses the performance of the postur-
al control system in a static position and environment during quiet 
standing. The evaluation is based on both eyes-open and eyes-closed 
conditions to determine the role of the visual system in static postural 
control.

 Standing balance depends on the ability of an individual to control 
movement of the body’s Centre of Mass (COM) within the base of 
support. There are several factors that influence the COM movement. 
These include the location or position of the Centre of Gravity (COG) 
within the BOS, the velocity of COM (i.e., both the speed and direc-
tion of movement), and the size and configuration of the BOS [25].

 Other evidence suggested that absolute angular velocity was the 
best variable in controlling the vertical position of the body, modelled 
as an inverted pendulum. Therefore, it was suggested that the CNS 
adopts a postural control strategy that depends on velocity informa-
tion provided through multisensory integration.

 Therefore, velocity information seems to be highly useful for the 
CNS to anticipate COM position and produce compensatory adjust-
ments through COP displacement [15]. The most commonly used are 
i.e. unilateral stance and Modified Clinical Test of Sensory Interaction 
on Balance [25].

 Therefore, vestibular system provides information about angular 
velocity along with information about linear acceleration and gravity 
to central nervous system. The central nervous system processes this 
information and tells about orientation of a person in space and how 
far he/she is tilted away from gravity vertical. This in turn, helps indi-
vidual to remain upright while standing or walking.

 If vestibular system is not working at its best fall may occur if 
the person cannot sense his orientation to vertical, or if an individ-
ual lacks muscle control for balance reactions necessary to maintain 
posture and locomotion. Therefore the continuous feedback from ves-
tibular system is essentially for maintaining balance in any scenario 
[26].

 Hence in this study, an attempt will be made to find out if there 
is any difference in the balance of individuals with motion sickness 
using posturography. Now as the time spent on transport system has 
increased and occupies a considerable part of individual’s daily life 
travellers tend to perform a variety of activities during transporta-
tion; leading to various active head movements during passive mo-
tion causing motion sickness thus considerably affecting the quality 
of travel [7].

 Along with this in recent decades illusion of passive motion is 
also provided with video games on large screens, 3D movies, and 
virtual reality etc. leading to motion sickness [27]. Therefore motion 
sickness has a major influence on modern traveling activities and the 
emerging virtual reality exposure and indirectly increasing the inci-
dence of motion sickness.

 This vestibular malfunction leads to symptoms from dizziness, 
orientation problems and postural disequilibrium to the distressing 
visual symptoms of vertigo (an illusion of rotatory motion) and nys-
tagmus during activities that require head movement suggesting that 
vestibular disorders markedly disrupt balance control [27,28].

 Therefore in this study an attempt was made to assess whether 
individuals with motion sickness are having impaired balance com-
pared to the healthy counterparts [28].

Hypothesis

•	 Null Hypothesis: There is no difference between the balance of 
individuals with and without motion sickness.

•	 Experimental Hypothesis: There is difference between the bal-
ance of individuals with and without motion sickness.

Aim and objectives of the study

•	 Aim: To compare the balance of individuals with and without mo-
tion sickness.

•	 Objectives

1. To assess the balance in individuals with motion sickness.

2. To assess the balance in individuals without motion sickness.

3. To compare the balance in individuals with and without motion 
sickness.

Materials and Methodology

•	 Study setting: Outpatient department.

•	 Study duration: 12 months.

•	 Type of study: Cross sectional (analytical) study.

•	 Study Population: individuals with and without motion sick-
ness. 

•	 Materials: Basic Balance Master (Version 9.2) from Natus balance 
and mobility.
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•	 Inclusion Criteria: Healthy participants age 20- 40 years.Both 
males and females.

•	 Exclusion Criteria: Participants with balance disorders due to oth-
er pathologies. Participants with any neurological, visual, auditory 
conditions, and musculoskeletal condition of lower limb.

Outcome Measures

•	 Motion sickness questionnaire: It is reliable and validated tool 
for assessing susceptibility of motion sickness with values of r= 0.8 
and test re-test reliability =0.8 [29].

•	 Modified	Clinical	Test	of	Sensory	Interaction	on	Balance:	The 
MCTSIB condition 4, standing on foam with the eyes closed has 
sensitivity of 95%, and specificity of 90% compared to SOT condi-
tion 5 in identifying vestibular dysfunction [27].

•	 Unilateral stance: ICC for sway velocity = 0.70 to 0.98 [30].

•	 Sampling technique: Purposive sampling 

•	 Sample size: Sample size was 96 participants from which 48 will 
be with motion sickness and rest 48 will be without motion sick-
ness. Pilot study was conducted to calculate sample size.

Methodology
Data collection was done in following manner:

• Clearance was obtained from the institutional ethics committee

• Individuals from age 20-40 years from community were ap-
proached for the study, both males and females were included.

• Interested individuals were asked to fill the motion sickness ques-
tionnaire for the information about the symptom of motion sick-
ness.

• Written consent was taken from these individuals.

• There were two groups in this study. Each group was having 48 
participants. 

• Group A was individuals with motion sickness (Experimental 
group) and group B was individuals without motion sickness, (con-
trol group). 

• Balance was assessed in both the groups using, Neuro-Com basic 
balance manager i.e. Basic Balance Master (Version 9.2) from Na-
tus balance and mobility.

• Following two tests were used to assess balance:

• Modified Clinical Test of Sensory Interaction on Balance.

• Unilateral stance.

• The age and gender of each participant from both the groups was 
matched.

• Data was recorded and then analyzed with unpaired t-test.

 All the testes were done on The BASIC Balance Master® (9.2) 
version.Mctsib and unilateral stance were administered 3 trial were 
given.

Test is terminated when a subject’s arm or feet change position.

Time is stopped during a trial and recorded if:

a) Patient deviates from initial crossed arm position,

b) Patient opens eyes during an “eyes closed” trial condition, or

c) Patient moves feet (takes a step) or requires manual assistance to 
prevent loss of balance.

The best performance of 3 trials was used for data analysis.

Postural sway in unilateral stance was tested on a force plate.

 The centre of gravity (COG) sway velocity (/s), which is the ratio 
of the distance travelled by the COG to the time of the trial (10 s), was 
calculated for each trial.

 The best performance of 3 trials were given was used for data 
analysis

Results
 Data was recorded and analyzed with unpaired t-test using the Sta-
tistical Package for the Social Sciences (SPSS), results are given in 
the form of charts and tables.

 The sample size estimated for the study was 96 i.e. 48 individu-
als with motion sickness and 48 individuals without motion sickness 
(control).

 For the study individuals in the community were approached, in-
terested individuals were asked to fill the motion sickness question-
naire for the information about the symptom.

 Out of the entire sample 6 were males and rest 90 were females in 
the age group 20-40 years.

 Balance was assessed in both the groups using, Neuro-Com basic 
balance manager i.e. Basic Balance Master (Version 9.2) from Natus 
balance and mobility.

Following two tests were used

• Modified Clinical Test of Sensory Interaction on Balance. 
(MCTSIB)

• Unilateral stance.

Discussion
 Figure 1 give representation of age distribution of participants in 
the study where maximum participants are of age group between 20 
to 30 years.

 Figure 2 describes higher susceptibility of females to motion sick-
ness than men. This higher susceptibility to females can be due to hor-
monal influences. Also the overall gender differences across all ages 
may reflect a ‘hard-wired’ greater emetic and nausea susceptibility in 
females. Along with this psychological variable such as anxiety was 
found play a role in motion sickness susceptibility variability [6,31].
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 Tables 1 and 2 shows there is no significant difference between the 
age and gender of distribution of study population.

 For assessing balance, basic Balance Master (Version 9.2) from 
Natus balance and mobility was used. The tests used were modified 
CTSIB, Unilateral stance as both modified CTSIB and unilateral 
stance provides accurate information about postural control through 
calculation of sway velocity [32].

 In various theories put forward to explain aetiology of motion 
sickness has pointed towards miss communication between various 
sensory systems mainly the vestibular system. Therefore these tests 
were used to challenge sensory systems and assess balance in various 
conditions [23].

 Modified Clinical Test of Sensory Interaction in Balance 
(MCTSIB) is designed to assess how well an individual is using sen-
sory inputs when one or more sensory systems are compromised [33] 
table 3.

 In condition one, i.e. standing on firm surface with eyes open, 
all sensory systems (i.e., vision, somatosensory, and vestibular) are 
available for maintaining balance; the mean postural sway velocity 
was more in motion sickness individuals compared to healthy one. 
This can be due to inter- sensory system conflict or conflict due to any 
one sensory system [34].

 In condition two, i.e. standing on firm surface with eyes close, 
vision has been removed and the individuals must rely on the somato-
sensory and vestibular systems to balance. But as shown in table 4, 
the mean postural sway velocity is more in motion sickness partici-
pants suggesting either somatosensory or vestibular system causing 
imbalance [35].

 In condition three i.e. standing on foam surface with eyes open, 
the somatosensory system has been compromised and the individuals 
must use vision and the vestibular system to balance. Again according 
to table 5, the mean postural sway velocity is higher in MS individu-
als than the healthy one. Suggesting, either visual or vestibular system 
is contributing to postural imbalance [35].

Figure 1: Age Distribution.
Inference: Figure 1 represents age distribution among the participants.

Figure 2: Gender distribution.
Inference: Figure 2 show no of cases according to gender distribution. 
(Females=94%; males=6%).

Groups N Mean SD Paired t test P

Motion sickness 48 25.79 4.60
0.000 >0.9999

Control 48 25.79 4.60

Groups N Mean SD Mann-Whitney U test P

Motion sickness 48 0.937 0.244
11152.0 0.9969

Control 48 0.937 0.244

Table 1: Age distribution.
Inference: Table 1 shows there is no significant difference between the age 
of both the groups.

Table 3: Modified CTSIB Scores Firm surface eyes open.
Inference: Table 3 represent significant difference between mean sway ve-
locity of healthy and motion sickness individuals on modified CTSIB on 
firm surface with eyes open condition.

Table 4: Modified CTSIB Scores Firm surface eyes closed.
Inference: Table 4 represent significant difference between mean sway ve-
locity of healthy and motion sickness individuals on modified CTSIB on 
firm surface with eyes closed condition.

Table 5: Modified CTSIB scores Foam eyes open.
Inference: Table 5 represent significant difference between mean sway ve-
locity of healthy and motion sickness individuals on modified CTSIB on 
foam surface with eyes open condition.

Table 2: Gender Distribution.
Inference: Table 2 shows no significant difference between the gender of 
both the groups.

Groups N

Firm eyes Open
Unpaired

t
PMean

( Deg/ sec)
SD

Motion sickness 48 0.314 0.141
4.674 <0.0001

Control 48 0.204 0.082

Groups N

Firm eyes close
Unpaired

t
PMean

( Deg/ sec)
SD

Motion sickness 48 0.297 0.117
5.133 <0.0001

Control 48 0.191 0.082

Groups N

Foam eyes open
Unpaired

t
PMean

( Deg/ sec)
SD

Motion sickness 48 0.668 0.218
4.708 <0.0001

Control 48 0.489 0.147
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 And in condition four i.e. standing on foam surface eyes close, vi-
sion has been removed and the somatosensory system has been com-
promised. The individuals must rely primarily on the vestibular inputs 
to balance. As shown in table 6 there is increased mean postural sway 
velocity in motion sickness participants has been observed thus point-
ing towards affection of vestibular system in motion sickness leading 
to balance impairment [35].

 In all modified CTSIB conditions maximum increase in mean pos-
tural sway velocity was observed in forth condition i.e. standing on 
foam surface with eyes close, here somatosensory system and visual 
system was compromised. Thus participants were solely dependent 
on vestibular system for postural control. Suggesting participants 
with motion sickness has impaired vestibular system resulting in im-
paired postural control.

 Therefor suggesting individuals with motion sickness have im-
paired postural control compared to healthy counterparts.

 Unilateral stance test with eyes open and closed condition was 
used to assess balance. The single-legged stance allows for the as-
sessment of balance under conditions that introduce additional chal-
lenges to the postural-control system [35]. This test reduces the base 
of support and challenges postural-control system to make more ad-
justments in order to prevent a fall [35].

 The centre of gravity sway velocity, which is the ratio of the dis-
tance travelled by the COG to the time of the trial (10s), was calculat-
ed for each trial. A touchdown by the non-stance leg was considered 
as fall. But an increased number of touchdowns might indicate a de-
crease in postural control [35].

 As mentioned in figures 3 and 4 significant differences were found 
between the right leg unilateral stances in both eyes open and closed 
conditions. Similar significant differences were found for left leg uni-
lateral stance in both eyes open and eyes closed conditions as shown 
in table and figures 5 and 6.

 Here due to unilateral support the somatosensory sensory input is 
reduced in both eyes open and closed testing position, thus challeng-
ing the visual and vestibular system.

 Anne Shumway-cook and Fay Bahling Horak explained that even 
multiple sensory inputs are available central nervous system general-
ly relies on one system at a time and in case of healthy individuals its 
mainly the somatosensory system. But when somatosensory system 
inputs are compromised central nervous system uses vestibular inputs 
to resolved conflict and maintain balance [36].

 The theory proposed by Bos and Bles and Bles et al, explained all 
situations provoking motion sickness are characterized by a condition 
in which the sensed vertical is at variance with the subjective ver-
tical that is expected from previous motion experience. Suggesting,  

motion sickness might be occurring due to canal-otolith conflict or 
otolith asymmetry [1].

 In case of eyes closed condition of unilateral stance both visual 
and somatosensory systems inputs are reduced due to reduced base of 
support and eyes closed condition. Thus the task of postural control  

Table 6: Modified CTSIB scores Foam eyes closed.
Inference: Table 6 represent significant difference between mean sway ve-
locity of healthy and motion sickness individuals on modified CTSIB on 
foam surface with eyes closed condition.

Groups N

Foam eyes close
Unpaired

t
PMean

( Deg/ sec)
SD

Motion sickness 48 1.168 0.311
4.091 <0.0001

Control 48 0.939 0.231

Figure 3: Unilateral stance right leg Scores Firm surface eyes open.
Inference: Figure 3 represent significant difference between mean sway 
velocity of healthy and motion sickness individuals on right leg unilateral 
stance on firm surface with eyes open condition.

Figure 4: Unilateral stance right leg Scores Firm surface eyes close.
Inference: Figure 4 represent significant difference between mean sway 
velocity of healthy and motion sickness individuals on right leg unilateral 
stance on firm surface with eyes closed condition.(P=<0.001).

Figure 5: Unilateral stance left leg Scores Firm surface eyes open.
Inference: Figure 5 represent significant difference between mean sway 
velocity of healthy and motion sickness individuals on left leg unilateral 
stance on firm surface with eyes open condition.P=<0.001.
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relies only on the vestibular system which may be affected in indi-
viduals with motion sickness. Thus individuals with motion sickness 
have impaired postural control compared to healthy counterparts.

Conclusion

 This study shows that sway velocity was more for the individuals 
with motion sickness in unilateral stance as well as CTSIB.Increased 
sway velocity indicates impaired balance. Hence this study conclud-
ed that individuals with motion sickness have impaired balance com-
pared to healthy counterparts.

Clinical Implication

 In this study it was found that individuals with motion sickness 
have impaired balance mainly due to vestibular system compromise. 
Therefore vestibular rehabilitation can be given to individuals with 
motion sickness to improve postural control.

Future Scope of Study

1. A study can be conducted to assess to whether balance intervention 
improves balance in motion sickness affected population.

2. To evaluate efficacy of vestibular rehabilitation in motion sickness 
population.

Limitations

Dynamic balance was not assessed in this study
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