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1. Introduction 

n today's world, mechanization of lifestyle, 
high use of computers and technological 

tools, especially among young people, has 

caused wrong postural habits, especially in 
the head and neck area, which is one of the 

most common disorders of the cervical 

spine is the protrusion of the head 
(Nemmers, Miller, & Hartman, 2009). 

Forward head posture (FHP) in a person 

causes the extension of the atlanto-occipital 

joint and the upper cervical spine and also increases the flexion of 

the lower cervical and upper thoracic vertebrae (Nemmers et al., 
2009). 

Since the abnormality of the FHP is accompanied by structural 

changes in the cervical spine and head, it also affects the sense of 
the position of the neck muscles (Shaghayegh-Fard, Ahmadi, 

Maroufi, & Sarrafzadeh, 2015). Proprioception is an important part 

of the sensory-body system, which is responsible for providing 

afferent information to the central nervous system and thereby 
provides control of the muscle system function by the nervous 

system. Also, the information obtained from proprioception, 

together with the information received from the vestibular and 
visual systems, is necessary for a person's awareness of the position 

of the head on the trunk and in space. Proprioception collects 

information from the structures around the neck, including muscles, 
joints and skin (Palmgren, Lindeberg, Nath, & Heikkilä, 2009). In 

general, FHP causes abnormal contractions and muscle imbalance 

in the neck area, dysfunction in the neuromuscular system, changes 

in the sensitivity of muscle spindles, followed by proprioceptive 

defects, changes in the function of mechanoreceptors, and as a 

result, disturbances in coordination and (Gade & Wilson, 2007; M.-
Y. Lee, Lee, & Yong, 2014) balance becomes. 

We should not forget that postural stability depends on the 
reaction and complex relationships between proprioception and 

vision, sensory and vestibular systems, in order to coordinate 

movements in response to various requests and challenges (Tsay, 
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Allen, Leung, & Proske, 2012). The presence of defects in any of 

the mentioned systems can cause weakness in stability and improper 

postural orientation, which is sometimes the reason for dizziness in 
people. Due to the importance of proprioception for performing 

coordinated and intersegmental corrective movements, its receptors 

in the neck region are important inputs. so that they have reflexive, 
central and unitary connections with vestibular systems, vision and 

sensory-motor control. Sensory-motor control system based on 

received and input information from vision, vestibular, 
proprioceptive systems and especially the presence of integrated 

neural network in the central nervous system, provides suitable 

movement output for head control, eye movement and postural 
stability (Fortier & Basset, 2012). It seems that the continuation of 

neck posture disorder reduces the validity of vision to control 

posture and has a negative effect on balance. Damage or dysfunction 
of the proprioceptive receptors in the neck area can be the reason for 

this sensorimotor disorder (Williams, Tarmizi, & Treleaven, 2017). 

Since FHP causes muscle imbalance, continuous and irregular 

contraction of the suboccipital, neck and shoulder muscles and can 

disrupt the proprioceptive information received from the neck 

muscles as a sensory pathological model. cause dysfunction in 
posture control. 

Postural stability is the overall output of motor control and body 
coordination steps to maintain stability during static and dynamic 

activities, which has a direct relationship with proprioceptive 

afferents and complex sensory-motor activities (Ghai, Driller, & 
Ghai, 2017). The information related to the effect of FHP on the 

degree of postural stability in static and dynamic states is different. 

Abbasi et al. (2020) showed that there is a significant difference in 
the stability of postural dynamics between the two groups of forward 

head position and the normal group in both open and closed eyes. 
While they did not report a significant difference for static postural 

stability (Abbasi, Alizadeh, Rajabi, & Mohammadi, 2020). On the 

other hand, the research findings of Lee et al. (2016) show that FHP 
has a greater effect on static balance control than dynamic balance 

control (J.-H. Lee, 2016) Also, Ahmadi poor et al. (2020) showed 

that people with FHP have severe dynamic postural stability 
dysfunction (Ahmadipoor, Khademi-Kalantari, Rezasoltani, Naimi, 

& Akbarzadeh-Baghban, 2022). In addition, the findings of Raikar 

et al. (2018) also indicate the effect of FHP on the static and dynamic 
balance of people (Raykar, Tajne, & Palekar, 2018). On the other 

hand, the researchers admit that different measurement tools related 

to the balance and the type of job of the subjects can be one of the 
most important factors in creating inconsistencies in the study 

results. According to the mentioned materials and the need to further 

investigate the issue in different societies and with different jobs, 
according to the research team, it is necessary to conduct a study to 

investigate the dynamic balance in students with forward head 
position while performing dual tasks. 

From the results of the research, it is found that reducing the 

amount of attention in conscious control for postural control 
increases the probability of disorder in coordination and stability 

(Toner & Moran, 2014). It can be said that several studies have 

investigated the relationship between dual tasks and the dependence 
of the amount of attention (Schaefer, Jagenow, Verrel, & 

Lindenberger, 2015; Toner & Moran, 2014). Dual task performance 

is the ability to coordinate performance in two performance 
activities that take place simultaneously. According to the theories 

of conscious processing, the change of attention may cause the 

automatic functions of the motor system, which can ultimately be 
beneficial for improving the functional performance of the 

individual (Boes et al., 2012). However, as the task becomes more 

complex, cognitive processing increases and then leads to cognitive-
motor interference (Lanzarin et al., 2015). Finally, this increase in 

central interference will affect both cognitive and motor functions. 

According to these theories, it may also affect the function of the 
neural pathway that is the interface between cognitive and motor 

functions. Also, when a continuous input is directed as a dual task 

with a main task, it may affect the performance of cognitive tasks or 
the main task (Lanzarin et al., 2015). 

Since people suffering from FHP suffer from disorders of neck 

position sense, proprioceptive sense and postural control, in this 

study, we intended to investigate the relationship between students' 
dynamic balance and cognitive resources when performing dual and 
mental tasks. 

2. Materials and Methods 

2.1. Participants 

The current research method is semi-experimental based on the 

application of an intervention variable (cognitive task). The 

statistical population of the research consisted of male students with 

FHP of University of Tehran. According to the entry and exit criteria 

and in a targeted manner, 40 students who had a more severe FHP 

were considered as having FHP and 40 of those with the lowest FHP 

were selected as normal people for comparison (Table 1). The 

selection of this number of samples was adapted by calculating the 

power (G * Power version 3.1.9.2) using alpha of 5%, beta of 80% 

and Di Cohen's effect size of 0.6. 

Inclusion criteria include male gender with an age range of 19 to 

28 years, a score of less than 3 on the visual pain scale (VAS) in the 

neck area, having a craniovertebral angle greater than 55 degrees for 

normal people and less than 45 degrees for people with FHP. R 

includes: inability to fully perform tasks, observing pathological 

symptoms History of fractures and dislocations, surgery and 

traumatic injuries in the neck area, disorders in the vestibular 

system, neurological diseases, history of acute head injuries and 

movement imbalance, headache and dizziness, migraine. 

According to the principle of information preservation and 

confidentiality, all the steps, as well as possible benefits and risks 

arising from the research, were explained and clarified to the people 

before signing the informed consent forms to participate in the 

study, and they were able to participate in each step of the study. 

They should cancel the research they wanted. 

2.2. Procedures 

To measure balance in this study, we used the dynamic balance 

test of Y. The research results show that this test has excellent intra-

test reliability of 0.88 to 0.99(Greenberg et al., 2019). To perform 

the Y test, first the person with the superior leg was placed on the 

fixed platform located in the center of the machine. Then the subject 

tried to move the indicators of all three directions, anterior, 

posterior-internal and posterior-external, with his other foot to the 

farthest possible place. The final grade of the subject was calculated 

based on the relevant formula (Greenberg et al., 2019). 

Also, the research of Taheri et al. (2019) was used to perform the 

dual task in Males ahead, which was the simultaneous execution of 

mathematical calculations while performing the balance test. The 

test method was such that as soon as the subject performed the 

balance test, after saying a number by the examiner, the subject 

started counting down by subtracting three units, and at the same 

time the person's voice was recorded, and then the number of 

responses and the relative error of the person was counted (Taheri, 

Khademi-Kalantari, Davoudi, & Akbarzadeh Baghban, 2019). 

2.3. Data analysis 

Descriptive statistics methods were used to calculate the central 
indices, dispersion and draw graphs related to data analysis. Also, in 
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order to check the normality of the data, the Shapiro Wilk test was 

used and to check the equality of variance of the study variables, the 

Levine test was used. In addition, two-way analysis of variance 
(group (FHP and normal) x dual task (with and without cognitive 

task)) was used. Data analysis was done using SPSS version 24 and 

default alpha at a significance level of 0.05. 
 

3. Results 

The demographic characteristics of the studied samples are 

presented in Table 1. The results of the Shapiro-Wilk test for the 

variables of dynamic balance and brain waves in all groups and 
conditions are higher than 0.05. As a result, the data distribution is 

normal. In order to analysis the effect of dual task performance on 

the dynamic balance of people with and without FHP, each direction 
of dynamic balance was analyzed separately. 

 

Table 1.  

The mean and standard deviation related to the age, height and weight of the subjects (Mean ± 
standard deviation) 

 Group n Age (yrs) 
Length                    

(cm) 
Weight (Kg) 

FHP 40 23.19 ± 2.49 178.74 ± 3.29 78 ± 3.49 

control 

(normal) 
40 24.76 ± 2.39 178.56 ± 2.28 77 ± 3.24 

Table 2. 

The results related to the two-way analysis of variance test for the implementation of dynamic balance in the anterior direction 

Test 

Direction 
Effect 

Total 

excuses 
Df 

mean 

square 
F Sig 

Eta 

squared 

Anterior 

Dual task 72/1554  1 72/1554  87/39  001 /0  220 /0  

group 42/735  1 42/735  38/17 001 /0  119 /0  

Dual task × group 008 /0  1 008 /0  002 /0  998 /0  002 /0  

Posterior 

internal 

Dual task 31/1191  1 31/1191  48/36 001 /0  201 /0  

group 73/1036  1 73/1036  42/15 001 /0  184 /0  

Dual task × group 25/0  1 28/0  009 /0  941 /0  001 /0  

Posterior 

external 

Dual task 42/1922  1 42/1922  17/52  001 /0  287 /0  

group 88/1654  1 88/1654  49/44  001 /0  241 /0  

Dual task × group 77/21  1 93/22  584 /0  456 /0  005 /0  

   According to Table 2, the main effect of the conditions and the 

main effect of the group is significant in all directions of the test 

(P≤0.05). However, the interactive effect is not significant in any 
direction (P≥0.05). Based on the results the subjects had weaker 

dynamic balance skills in all three directions of the balance test in 

the dual task conditions compared to the subjects in the basic task 
conditions (P≤0.05). Also, the participants of the FHP group showed 

weaker dynamic balance skills in all three directions, anterior, 

posterior-internal, and posterior-external, compared to the 
participants of the normal group (P≤0.05). 

4. Discussion and conclusion 

The aim of the present research was to investigate the effect of 
performing dual tasks on the control of dynamic balance of subjects 

with FHP. From the findings of the research, we concluded that there 
is a significant difference between the dynamic balance of subjects 

with FHP and subjects without defects, and FHP subjects 

statistically have weaker dynamic balance. 

Accordingly, Ahmadi poor et al. (2020) showed that a severe 

disorder in dynamic postural stability occurs in people with forward 

head position (Ahmadipoor et al., 2022). Also, Abbasi et al. (2020) 
concluded that FHP can be one of the factors causing disturbances 

in dynamic postural stability (Abbasi et al., 2020). In addition, 

Raikar et al. (2018) showed that FHP has an effect on reducing static 
and dynamic balance (Raykar et al., 2018). 

On the other hand, Abbasi et al (2020) showed that the FHP does 

not have a significant effect on the static balance of students (Abbasi 
et al., 2020). It seems that since static testing on the Biodex balance  

meter platform is not that challenging, it may not be able to 

provide any difference in performance and that the sample size is 

small. 

People with FHP change the position of their joints and muscles 

compared to the original position, and it is unlikely that correct 

information is sent to the central nervous system (CNS) in this 
regard (Ha & Sung, 2020). It seems that the position of the cervical 

vertebrae and the agonist and antagonist muscles have changed with 

the intensification of the neck arch and joint and muscle receptors 
are not able to transmit correct information (M.-Y. Lee et al., 2014). 

With deviations and deformities of the spine, the muscles on one 

side become tight and the other side becomes weak. Based on this, 
it leads to lack of coordination between these muscles and muscle 

imbalance. The neck region also significantly affects posture control 
and maintaining stability against gravity (Swait, Rushton, Miall, & 

Newell, 2007). Also, the neck region has a specialized 

proprioceptive system, which means they are probably related to the 
visual and vestibular systems due to the abundance of muscle 

spindles and mechanical receptors in this area. Proprioception also 

affects visual neck reflexes and tonic neck reflexes, that is, they are 
vital in regulating head, eye and body posture stability (Swait et al., 

2007). During continuous movements of the neck, visual, vestibular, 

and depth senses are altered based on the continuous alternation of 
muscle length, visual field, and multilevel interaction of the 

vertebrae. On the other hand, forward head position is associated 

with pain, fatigue, joint erosion, spasm, muscle tension, muscle 
imbalance and decreased proprioceptiveness (Koseki, Kakizaki, 

Hayashi, Nishida, & Itoh, 2019). All these cases can be among the 

possible factors for the occurrence of postural stability disorders in 
FHP people. 
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Other results of the present study showed that the implementation 

of dual tasks (equilibrium-cognitive) had a significant effect on the 

dynamic balance of the participants with FHP and normal 
participants and statistically weakened the dynamic balance in the 

participants with FHP. FHP and the participants were normal. 

However, consistent with the present study, Bayon et al. (2021) 
showed that performing cognitive tasks that require attention causes 

disturbances in the postural control of patients with cervical 

dystonia (Baione et al., 2021). In addition, Crisafoli et al. (2021) 
showed that performing a dual task worsens walking performance 

in cervical dystonia patients (Crisafulli et al., 2021). Some theories 

have been presented to explain the problems in performing dual 
tasks. The most common of them are capacity sharing, bottleneck 

and mutual dialogue (Pashler, 1994). 

According to the theory of capacity sharing, which is the most 
accepted theory, doing two tasks at the same time reduces the 

performance capacity of each task due to the capacity sharing for the 

tasks. In the bottleneck (task-switching) model, parallel processing 
may be impossible for some mental operations. Some operations 

may simply require a single mechanism to be dedicated to them for 

a period of time. When two tasks require the mechanism 
simultaneously, a bottleneck occurs and one or both tasks are 

delayed or otherwise disrupted (Pashler, 1994). 

Talley et al. (2008) suggested that differential activation of the 
cerebral cortex in higher neural centers can influence task 

prioritization, further enhancing conscious attention while 

performing cognitive or motor tasks (Talelli, Ewas, Waddingham, 
Rothwell, & Ward, 2008). Therefore, it can be said that attention is 

an important variable to maintain postural stability in dual task 
conditions in individuals with FHP and a sufficient attention 

function is needed to establish postural control and balance in such 

patients under dual task conditions. During the assessment of dual 

tasks, the two tasks that are performed simultaneously in a dual task 

pattern can be two cognitive, motor, or motor and cognitive tasks 

(Saxena, Cinar, Majnemer, & Gagnon, 2017). Impaired 
performance of dual tasks, i.e. reduction in performance of one or 

both tasks, can be due to age or conditions related to people's illness 

(Bekkers et al., 2018). Hence, individuals with FHP may experience 
reduced functional capacity when performing two activities that 

require simultaneous attention, such as subtracting three units of 

numbers from each other and maintaining postural stability, 
resulting in impaired dual-task performance (Krampe, Schaefer, 

Lindenberger, & Baltes, 2011). They may have a tendency to 

prioritize the performance of a motor task, which is postural 
stability, in the presence of a cognitive or other challenging motor 

task (Doumas, Rapp, & Krampe, 2009). 

In this research, we tried to gain a better understanding of the 
relationship between the neural activity related to the 

musculoskeletal system and the performance of dual tasks in normal 

and postural impaired individuals. But this study is limited to a 
specific test measurement device and protocol. Therefore, the use of 

apparatus or laboratory tests of balance or another form of dual-task 

implementation may provide similar or completely different 
findings. This study was only conducted on male students aged 19-

28, and therefore the generalization of the results of this study to 

other factors such as gender, age, occupation may be dependent, so 
that the level of activity and balance may be relatively lower or 

higher. They give, it will be a difficult task. Also, this study only 

used the cognitive task to create a dual task, it is possible that the 
motor dual task has different results compared to the current results. 

Therefore, it is suggested that in future research, in addition to using 

more reliable laboratory tools (force plate, Biodex balance meter, 
posteurography), a dual task with a movement nature should be 

applied, and the postural stability and brain activity of people with 

an FHP and normal posture should be measured. to be It will also be 

interesting to examine the variables of gender and athletes in 

different sports. Finally, we came to the conclusion that FHP 
reduces and creates weakness in postural stability, and on the other 

hand, the implementation of dual tasks in both control and 

experimental groups causes people to decrease postural stability. 
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