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Abstract
Background. Helmet use is become mandatory by the Indian 
govt. in the year of 2016.After the helmet law the prevalence of 
helmet users increased up to 80%. Other 20% populations re-
fused to wear helmet while riding due their own reasons such as 
some founds wearing of helmet causing suffocating, heaviness 
over neck muscles or some feels headache too. Among various 
postural disorders, forward head posture (FHP) has found to 
be commonest. It occurs when position of the head is forward 
to a plumb line passing over the centre of gravity. The good 
posture could be present, as the external auditory meatus allied 
with the plumb line. FHP can be assessed by using various as-
sessment methods and Cranio-vertebral angle (CVA) method is 
highly reliable method to measure FHP, which indicates smaller 
the angle greater the FHP. The aim of the study was to evaluate 
the postural changes in cervical spine and presence of neck 
pain among helmet users riding motor bike. 
Method. Total 300 subjects participated in the study and were 
assessed by self- made questionnaire, out of which 260(Male= 
189, Female= 71) subjects were taken in the study as they were 
fulfilling the inclusion criteria. Then dividing them into two groups 
based on complaining of pain on neck (with neck pain and with-
out neck pain) using Numeric pain rating scale (NPRS). CVA was 
measured using MB-Ruler software for both the groups. 
Result. The results shows CVA has a significant correlation 
with helmet weight (p value=0.000), BMI (p value=0.04), years 
of riding (p value=0.037) and days of riding per week (p val-
ue=0.031). NPRS showed to have significant correlation with 
helmet weight (p value=0.046) and weight of the bag (p val-
ue=0.012). 45% of study populations were having FHP and 66% 
populations were having neck pain. 
Conclusion. The study concludes that helmet weight has sig-
nificant impact on both neck pain and forward head posture. 

The incidence rate of forward head posture was greater among 
with neck pain populations. 
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Introduction
In India Musculoskeletal disorders (MSDs) are 

widespread, with large costs and impact. Various sur-
veys on employees have reported the prevalence of up-
per extremity symptom to be 20 to 30% or more [1]. In 
the year of 2014, the driving and road related accidents 
claimed to be 13, 787 motor bike rider’s lives in accor-
dance to National Crime Records Bureau (NCRB) of 
India [2]. Recent studies commented that road traffic 
injuries will become the fifth foremost cause of death 
by 2030 [3].

According to Indian motor vehicle act, while rid-
ing the motor cycle, wearing of helmet is mandatory. 
Wearing helmet is chiefly liable to acceleration/decel-
eration and rotational forces as it is voluntarily move-
able in three dimensions and inhabits a reasonably un-
stable position, and is being secured only by the neck 
[4]. 

Cranio-vertebral region has a two atlanto-occipital 
joints and atlanto-axial joint. Of the cervical rotations 
50% occurs at the atlanto-axial joint whereas 10% to 
20% flexion and 25% extension of the occiput occurs 
at the atlas. Only 10° flexion and 5° extension occurs at 
the atlanto axial joint. The lower cervical region com-
prises of five vertebral bodies exhibiting a modified 
block like quality which reflects its ability to bear and 
transmit loads [5]. In overall health care, importance 
of posture is frequently studied [6]. A study found that 
there is an increased in cervical lordotic curve among 
bike riders due to prolong riding time and faulty sit-
ting posture [7]. Forward head posture (FHP) is con-
sidered as one of the most frequently observed pos-
tural disorder, occurs when the head shifts anteriorly 
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from the line of gravity. In good posture, the head 
must be situated directly on the neck and shoulders, 
alteration of this ideal orientation put pressure on up-
per back muscles and on neck muscles, that could lead 
towards recurrent neck pain and tiredness of muscles 
as take place in FHP [6]. Smaller Cranio-vertebral an-
gle (CVA) is indicative of FHP [8, 9]. Cranio-vertebral 
angle is trustworthy index for identifying the posture 
of head and neck [9]. The re-alignment of the head’s 
ideal posture on the cervical spine in the direction of 
extension, was highly effected by helmet’s mass [10]. 

There have been studies concluding co-relation be-
tween limited ROM and work related postural changes, 
which are quite evident nowadays. However postural 
changes arising due to wearing of helmets among the 
motor bike riders are yet to be explored. Understanding 
the relation of helmet wearing with neck pain and cer-
vical postural changes may help us to consider various 
ergonomic options to prevent the later. Thereby arising a 
need to evaluate the cervical postural changes and pres-
ence of neck pain due to wearing of helmet for longer 
period of time. The objectives of the study were 1) to find 
out neck pain among helmet users and 2) to evaluate the 
postural changes in cervical spine among helmet users. 

Methodology
This cross sectional study was accepted and con-

ducted in congruence with the guiding principle of the 
ethical Committee of Krupanidhi College of physio-
therapy, Bangalore, Karnataka. The purpose and pro-
cedure of the study were described individually to the 
subjects. On their approval, a signed formal consent 
was attained from the interested participants. 

Study was conducted in the OPD of Krupanidhi 
College of physiotherapy, Bangalore, Karnataka for 
duration of 8 weeks (from 23rd December 2019 to 10th

February 2020). A total of 300 subjects volunteered, 
of which 260 healthy male and female aged between 
20- 30 years were included in the study as they fulfilled 
the selection criteria. Subjects riding motorbike with 
wearing helmet at least for six months were recruit-
ed for the study. Subjects with cervical rib, fracture 
or injury of cervical column, cervical fusion; history 
of cervical surgery or facial trauma; cervical congen-
ital anomalies, thoracic, lumbar spine eg. Scoliosis, 
thoracic kyphosis; repeated middle ear infection; any 
neurogenic conditions eg. Cervical radiculopathy, im-
pingement, cervical spondylosis conditions were ex-
cluded [11] from the study. 

Materials used for the study were Digital camera 
(Sony cyber shot DSC- WX220/B 21.2MP), Adhesive 
marker, Tripod, MB ruler software, Paper, Pen, Lap-
top, weighing machine. 

Numeric pain rating scale(NPRS) [12] which is a 
highly reliable scale to grade neck pain was used in 
our study to identify the presence and absence of neck 
pain in the subjects. Then the subjects were divided 
into two groups, with neck pain and without neck 
pain. 

After dividing the participants into two groups of 
with neck pain and without neck pain, CVA was mea-
sured for them using the MB ruler software. CVA is 
the angle formed at the insertion of a horizontal line 
through the spinous process of C7 and a line through 
the tragus of the ear. For measuring CVA, participants 
were instructed to stand in erect position. Then they 
were examined for forward head posture in sagittal 
plane by using digital camera with tripod. The camera 
was adjusted and raised to a height of 1.5m above the 
ground level till the examiner visualizes the partici-
pant precisely. Examiner asked the subject to do cer-
vical flexion and extension for three times to achieve 
a natural position. Then the photo was taken from lat-
eral view and uploaded in the MB ruler software for 
measurement of CVA [13]. CVA was analysed in MB 
ruler software for each group. CVA less than 48 degree 
indicates a forward head posture (FHP) [13, 14]. 

Fig 1: Photogrammetric method, measuring CVA in MB ruler 
software

Where, α – Measured angle, d – Measured distance. 

Statistical Analysis
Cranio-vertebral angle (Degree) and Numeric pain 

rating scale (NPRS) were considered as outcome vari-
ables. Age, BMI, Helmet weight, years of bike riding 
with helmet, Riding hours per day, Distance of riding 
bike per week (km), were considered as explanatory 
variables. P value <0.05 was considered statistically 
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significant. Pearson’s correlation was done between 
explanatory variable and outcome variables. Crosstab 
analysis was done to assess relationship between neck 
pain and forward head posture changes. IBM SPSS 
version 22 was used for statistical analysis. 

Results 
Majority of riders in the study were male (N = 189) 

compare to smaller sample of female rider (N = 71). 
Out of 71 female subjects, 50(70%) subjects were hav-
ing neck pain and 21(30%) subjects were not having 
neck pain. Out of 189 male subjects, 122(65%) sub-
jects were having neck pain and 67(35%) subjects were 
not having neck pain. 

Table 1
Cross-tabulation between gender and neck pain in the study 
population (N= 260). 

Gender Neck pain Total 
Present Absent

Female 50 (70%) 21 (30%) 71 (100%) 
Male 122 (65%) 67 (35%) 189 (100%) 
Total 172(66%) 88(34%) 260 (100%) 

Majority of riders in the study were male (N = 189) 
compare to smaller sample of female rider (N = 71). 
Out of 71 female subjects, 35(49%) subjects were hav-
ing Forward head posture and 36(52%) subjects were 
not having Forward head posture. Out of 189 male 

subjects, 83(44%) subjects were having Forward head 
posture and 106(56%) subjects were not having For-
ward head posture. 

Table 3 reveals that Helmet weight (p value= 0.046), 
weight of the bag (p value = 0.012) had a significant 
impact on Neck pain. BMI (p value = 0.04), helmet 

 

A brief explanation was given about the research topic, purpose of the study and signature 
was taken on the consent form from all the participants. 

 

 

 

 

 

 

Total 300 subjects were participated in the study. 

Subjects were assessed using self-made questionnaire 

Total 260 (Male:189 and female: 71) participants were added to the study and on the basis of 
NPRS, participants were divided into two groups (with neck pain and without neck pain)  

Subjects with neck pain(N = 174) Subjects without neck pain(N= 86) 

Subjects were assessed for postural change in cervical region by analysing CVA in MB ruler 
software. 

Fig 2: Flow chart describing the selection of study populations. 
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Fig 3: Presence of neck pain between female (F) subjects (70%) 
were found to have neck pain more than that of male (M) sub-
jects (65%). 

Table 2
Cross-tabulation between gender and Forward head posture in 
study population (N= 260). 

Gender FHP Total 
Present Absent

Female 35 (49%) 36 (51%) 71 (100%) 
Male 83 (44%) 106 (56%) 189 (100%) 
Total 118 (45%) 142 (55%) 260 (100%) 



Issue 26. February 2023 | Cardiometry | 433

weight (p value 0.000), years of riding (p value 0.037), 
days of riding per week (p value = 0.031) were signifi-
cantly impacting FHP. 

Out of 260, 153 subjects were using light weighted 
helmet, whereas 90 were using medium weighted hel-
met and 17 were using heavy weighted helmet. The 
incidence rate of FHP was 10% among light weighted 
helmet users; 94% among medium weighted helmet us-
ers and 100% among heavy weighted helmet users. This 
revealed that heavy weighted (over 2kg) helmet users 
has greater incidence rate of forward head posture. 
Table 4
Cross-tabulation of neck pain and forward head posture in the 
study population (N =260). 

Neck pain Forward head posture Total 
Present Absent 

Without neck pain 38 (43%) 50 (57%) 88 (100%) 
With neck pain 80 (47%) 92 (53%) 172 (100%) 
Total 118 (45%) 142 (55%) 260 (100%) 

The table shows incidence rate of FHP (47%) 
among population with neck pain was more than that 
of without neck pain population. 
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Fig 5: Presence of Forward Head Posture between with neck 
pain and without neck pain. 

Out of 260, 153subjects were using light weighted 
helmet, whereas 90 were using medium weighted hel-
met and 17 were using heavy weighted helmet. The in-
cidence rate of Neck pain was 64% among light weight-
ed helmet users; 70% among medium weighted helmet 
users and 65% among heavy weighted helmet users. 
This revealed that heavy weighted (over 2kg) helmet 
users has greater incidence rate of having Neck pain. 

Table 5
Cross-tabulation of helmet weight and forward head posture in 
the study population (N=260). 

Helmet weight Forward Head Pos-
ture

Total 

Present Absent
Low weight (1-1.49kg) 16 (10%) 137 (90%) 153 (100%) 
Medium weight (1.5-2kg) 85 (94%) 5 (6%) 90 (100%) 
Heavy weight (over 2kg) 17 (100%) 0 17 (100%) 
Total 118 (45%) 142 (55%) 260 (100%) 

Table 6
Cross tabulation of helmet weight and neck pain in the study 
population (N= 260). 

Helmet weight Neck pain Total 
Present Absent

Low weight (1-1.49kg) 98 (64%) 55 (36%) 153 (100%) 
Medium weight (1.5-2kg) 63 (70%) 27 (30%) 90 (100%) 
Heavy weight (over 2kg) 11 (65%) 6 (35%) 17 (100%) 
Total 172 (66%) 88 (34%) 260 (100%) 

Discussion
Vehicle discomforts are a localized and transient 

type discomforts. Commonly, only the body parts 
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Fig 4: Presence of Forward head posture between female (F) 
subjects (49%) were found to have Forward head posture more 
than that of male (M) subjects (44%). 

Table 3
Correlation of all parameters with Numeric pain rating scale 
and Cranio-vertebral angle in the study population (N= 260) 

Parameters Pearson correla-
tion

P value

NPRS CVA NPRS CVA
BMI(kg/m2) -0.009 -0.127 0.885 0.040
Helmet weight(kg) 0.124 -0.552 0.046 0.000
Years of riding motor 
bike

-0.015 -0.129 0.808 0.037

Riding hours (per day) 0.068 -0.077 0.274 0.215
Days of riding bike (per 
week) 

0.059 -0.134 0.340 0.031

Distance covered per 
week (km) 

0.006 -0.026 0.917 0.680

Weight of the bag (kg) 0.155 -0.049 0.012 0.435
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which have the highest frequency of usage are affect-
ed and the discomfort diminished after a few hours or 
days (less than 3 days after operating the vehicle for 
prolonged sessions i. e. more than 2 hours) [15]. Fur-
thermore, vehicular discomfort could be the result of 
various independent or dependent variables such as 
working posture, workstation design, the work; and 
even other means such as vibration, shocks and jerks 
which originated from the external environment. It was 
also reported that prolonged exposure to the source 
of vehicular discomfort could lead to musculoskeletal 
disorders [15]. When using helmet while driving, the 
muscles are less able to deal with the improved stabili-
ty and posture demands, which accelerate fatigue [16]. 
The mass of the helmet increases spinal compression, 
as well as cervical instability, requiring increased ster-
nocleidomastoid activity to stabilize the head-neck 
joint [17]. The motorbike riders are often exposed with 
vibration and have high risks to expose the work related 
musculoskeletal disorders (WMSDs) [18]. 

Neck pain and forward head posture are a common 
disorder prevailing among individuals of different 
population. This study has hypothesized that there is 
presence of neck pain cervical postural changes among 
motorbike riders due to weight of helmet. The result 
showed that female subjects (70%) were having higher 
incidence rate of neck pain than that of male subjects 
(65%). We also found that female (49%) subjects were 
also having higher incidence rate of FHP than that of 
man (44%) subjects. Based on NPRS, 66% of popula-
tion had neck pain. Comparing NPRS with the oth-
er variables that helmet weight (p value= 0.046) and 
weight of the bag (p value= 0.012), they were found 
to have significant correlation. This could be possibly 
due to over use of neck muscle and thus causing neck 
muscles weakness and creating neck pain among sub-
jects [19]. Comparison of CVA with various variables 
showed that helmet weight (p value= 0.000), BMI (p 
value= 0.04), years of riding (p value= 0.037) and days 
of riding per week (p value= 0.031) were significant-
ly impacting CVA. Poor driving posture with head 
load could be possible reason for the decrease in CVA 
and thus causing forward head posture. CVA with 
was found significant with helmet weight (p value = 
0.000), BMI (p value = 0.04), years of riding (p value = 
0.037) and days of riding per week (p value = 0.031). A 
previous study done on Prevalence and Risk Factors of 
Musculoskeletal Disorders of Motorcyclists also have 
found that relatively high levels of musculoskeletal 

diseases (MSDs) among motorcyclists are endorsed 
to the fact that riding involves excessive use of body 
parts (Such as neck, shoulder, upper back and lower 
back and legs) to maintain stability while riding. Also 
while riding, they have to maintain sitting and fixed 
the posture for long, which results in muscular fatigue 
and discomfort [20]. 

A study done to find out the occurrence and in-
tensity of spina pain in motorcyclists revealed that 
sitting more than 20 minutes accelerate in decreased 
of muscle rigidity and causes non contractile tissues 
(ligaments, joint capsules) forcibly hold the functions 
of stabilizers. Deep rooted pressure of ligaments leads 
to structural disorders thus lessening the flexibility 
and competence. In such condition human body stim-
ulates pain which effects cervical positional change by 
26.8% [21]. 

Indian government has made an act to compulso-
rily wear helmets while driving two wheelers as it’s a 
life-saving tool for motor bike riders. Study had found 
wearing helmet decreases the risk of head injury and 
risk of severity of injury too [22]. A study done to iden-
tify the effects of isometric neck exercises in improv-
ing cervical range of motion in long time helmet wear-
ers revealed that wearing helmet for longer duration 
produces fatigue in the para-spinal muscles, which 
may lead to weakness and pain. Helmet also causes 
restriction on neck movements which could influence 
the neck and produce pain over the neck region. The 
neck muscles works against gravity will undergo un-
due tension which could results in early fatigue of the 
muscles and leads to neck injuries [23]. 

In our study, subjects with neck pain have 47% of 
incidence rate of FHP. A previous study was done on 
the relationship between head posture and severity 
and disability of patients with neck pain, revealed that 
CVA was lesser among neck pain population [24]. The 
neck pain can significantly stimulate FHP. The results 
of the current study also revealed that populations us-
ing helmet weight over 2kg, has higher chances to have 
both pain on neck and FHP. Pawaria S et. al (2019) 
had found on their study that the forward translation 
of the head due to forward head posture, causing con-
striction of dorsal structures of spine via zygapophyse-
al facet joints and intervertebral discs [25]. It further-
more causes decreasing of zygapophyseal joint capsule 
size and lessening of the intervertebral foramina, 
brings about compression of nerve root. Sometimes 
upper back muscles and lower cervical muscles be-
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comes ischemic due to over load and continuous work 
to neutralize the gravity pull and thus resist the stan-
dard lateral flexion movement [26]. 

Present study shows that helmet weight has signif-
icant impact on neck pain, whereas weight of the bag 
act as a confounding factor for the same. Present study 
has also exposed the noteworthy effect on posture of 
cervical spine due to prolong wearing of helmet. Years 
of riding, days of riding per week and BMI works as 
confounding factors for the postural change in cer-
vical spine among motorbike riders. This can further 
cause severe nerve compression, muscle fatigue over 
neck muscle and also can lead to limitation in neck 
movement. The incidence rate of FHP (47%) among 
with neck pain population was more than that of with-
out neck pain population. 

To avoid getting neck pain and forward head pos-
ture it is thus advisable to take some precautions to-
wards cervical region. They should follow ergonomic 
advice for motor riding [26, 27] and should do regular 
cervical exercises to strengthen the muscles, to main-
tain rage of motions of cervical joint. If a person feels 
neck pain while riding motorbike, they should visit to 
a physiotherapist for proper assessment and treatment. 

Future studies on detailed evaluation type of hel-
met uses, type of bike, functional limitations can be 
done on large number of volunteers to get better in-
sight on musculoskeletal issues in motor bike riders. 

Limitations 
Our study was conducted on relatively smaller 

sample size. The types of bike, helmet type was not 
considered during the study. 

Conclusion
The conclusion of the study revealed the presence 

of significant correlation between helmet weight and 
neck pain; FHP and helmet weight. With neck pain 
populations has greater incidence rate of FHP (47%) 
than that of without neck pain population. 
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