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Purpose: Neck pain is a prevalent musculoskeletal issue among bike drivers, often resulting from extended static postures, repetitive
head movements, and exposure to vibrations. This study aims to assess the connection between cervical ROM, neck proprioception,
CVA, and QOL in bike drivers with neck pain compared to those without neck pain so that the targeted interventions can be developed
to enhance their well-being.

Methods: A cross-sectional study involving 100 bike drivers aged 20—50 years was conducted, split into two groups: those with neck
pain (n=50) and those without neck pain (n=50). Cervical ROM was measured using a smartphone, neck proprioception was assessed
through a head repositioning test, and CVA was determined using lateral-view photographs with a plumb line. The Short Form-36 (SF-
36) questionnaire was employed to evaluate QOL. Data analysis was conducted using independent #-tests and Pearson’s correlation
coefficient.

Results: Bike drivers with neck pain exhibited significantly reduced cervical ROM (p-value=<0.001), impaired neck proprioception
(p-value=<0.001), and decreased CVA (p-value=<0.001) compared to their counterparts without neck pain. A strong negative
correlation was found between neck pain and QOL, with lower scores in all eight domains of the SF-36. Cervical ROM, neck
proprioception, and CVA showed moderate correlations with various QOL domains (p-value=<0.05).

Conclusion: Neck pain in bike drivers is linked to decrease cervical ROM, compromised neck proprioception, and reduced CVA.
These factors correlate with a lower quality of life, both physical and mental domains. Interventions addressing these aspects may
enhance the quality of life for bike drivers experiencing neck pain.
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Introduction

Neck pain, a prevalent musculoskeletal issue among professionals whose jobs require extended periods of static postures,
is particularly common among bike drivers." This condition in bike drivers is often a result of various occupational
factors such as prolonged static postures, repetitive head movements, and continued exposure to whole-body vibrations.”
Notably, these factors influence the crucial aspects of neck health, namely the cervical range of motion (ROM), neck
proprioception, and craniovertebral angle (CVA).?> Our study aims to quantify these effects and establish the extent to
which they contribute to the incidence and severity of neck pain in bike drivers.

The cervical ROM is a measure of the flexibility and mobility of the neck, which is essential for performing daily
tasks and activities. Any reduction in cervical ROM can lead to discomfort, limitations in activity, and may contribute to
the development and persistence of neck pain.® It is, therefore, necessary to assess cervical ROM in bike drivers, as it
provides an insight into the physical capacity of the neck and the potential risk of neck-related issues.
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Neck proprioception, another crucial aspect of neck health, refers to the body’s ability to perceive the position and
movement of the neck.” This sensory feedback mechanism is vital for maintaining balance, coordinating movements, and
preventing injuries. Any impairment in neck proprioception can lead to a lack of precision in movements, increase the
risk of injury, and exacerbate existing neck pain.’ Considering the demanding nature of bike driving, where precise head
and neck movements are required, evaluating neck proprioception is of considerable importance.

The CVA, a measure of the alignment between the head and the neck, is another factor that is affected by the
occupational demands of bike driving.” It is an indicator of the posture of the head and neck, with a decrease in CVA
often associated with a forward head posture, a common postural deviation seen in individuals with neck pain.® This
deviation not only increases the strain on the neck muscles but also leads to musculoskeletal pain and discomfort over
time.” Therefore, assessing CVA can offer valuable information about postural habits and their potential role in the
development of neck pain.

The presence of neck pain and the associated limitations in physical activity can significantly impact the quality of
life (QOL) of bike drivers.'” QOL, a comprehensive measure of an individual’s physical, psychological, and social well-
being, tends to be lower in individuals experiencing chronic pain conditions.'' Chronic neck pain, for instance, can lead
to functional impairments, reduced productivity, increased healthcare utilization, and psychological distress, all of which
can severely compromise an individual’s QOL.'? As such, it is crucial to evaluate QOL in bike drivers with neck pain, to
understand the broader impact of this condition on their overall well-being.

In light of the above, this study aims to provide a comprehensive assessment of the cervical ROM, neck propriocep-
tion, CVA, and QOL in bike drivers with neck pain as compared to those without neck pain. Our objective is to highlight
not only the occupational risks but also the more comprehensive health and economic implications of neck pain among
bike drivers, offering a foundation for subsequent interventions and policy-making.

In conclusion, neck pain in bike drivers is a complex issue that demands a holistic approach for its management.
Through this study, we aim to shed light on the multifaceted nature of neck pain among bike riders, its occupational
origins, and its pervasive effects on everyday life, thereby justifying the need for our focused research on this group. By
examining the relationship between neck health metrics and QOL, this study hopes to contribute to a better understanding
of this condition and pave the way for more effective strategies to improve the well-being of bike drivers.

Methods
Study Design and Participants

This study was a cross-sectional study conducted from September to December 2022, within the physiotherapy division
of the Integral Hospital and Research Centre, a constituent of Integral University, located in Lucknow, Uttar Pradesh,
India that aimed to investigate the relationship between neck pain and various factors such as cervical range of motion
(ROM), neck proprioception, craniovertebral angle (CVA), and quality of life (QOL) in bike drivers. The Institutional
Ethical Committee of Integral University, Lucknow, India provided the ethical authorization for this study (reference
number: IEC/IIMSR/2022/70). The study was conducted in accordance with the 1964 Helsinki Declaration,'® and all
participants provided written consent before taking part in the study.

To determine the appropriate sample size for our study, we conducted a power analysis using G*Power software
(version 3.15). This analysis was grounded on the criteria of achieving a minimum acceptable intraclass correlation
coefficient (ICC) of 0.60, with a power (1-B) set at 0.80 and an alpha level (o) of 0.05, considering a 95% confidence
interval. The outcome of the power analysis suggested that a minimum of 90 participants was necessary to detect
a statistically significant difference within our study parameters.

To enhance the robustness of our study and to mitigate the potential for type II errors, we elected to include 100
participants, and they were split evenly into two groups (group A and group B).

Group A consisted of 50 bike riders who had experienced non-specific neck pain for a minimum of three months,
while Group B was made up of 50 generally healthy bike riders without neck pain in the previous 12 months.'* Both
male and female riders were represented in each group. Participants had to be aged between 20 and 50 and ride bikes for
a minimum of two hours daily to qualify for either group. Inclusion in Group A was possible regardless of prior
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professional treatment for neck pain, provided that the individual’s self-reported neck pain intensity, as rated on a 0—10
spinal numerical pain scale (0: no pain; 10: worst pain imaginable), did not increase by more than two points during data
gathering.'?

Measurement of Cervical Range of Motion
The range of motion (ROM) in the cervical region was evaluated using a smartphone that had a clinometer and compass
application installed, following the technique suggested by Khan et al.'"® This method offered an inventive and
dependable way to quantify cervical ROM, guaranteeing the collection of precise data.

The smartphone app used to measure the cervical range of motion in the frontal and sagittal planes are Clinometer
(Peter Breitling, Version 3.3, http://www.plaincode.com/products), an app designed using the three inbuilt accelerometers

(LIS302DL accelerometer). This app uses the internal three-axis linear accelerometers to measure the direction of
gravity’s pull. For this, the gyroscope stays in one position, regardless of orientation. When placed against a solid
surface, the inclinometer compares the object’s angle to the gyroscope and displays the results using the software
interface. The app used to measure the cervical range of motion in the horizontal plane was the compass, software that
was already integrated with the smartphone. In order to locate the orientation of the smartphone, the app uses the built-in
magnetometer, which senses its orientation relative to the Earth’s magnetic field using the Hall effect. The chip (AKM
AKS8975) senses the field in three directions and locates the magnetic field pointing north. It also uses the accelerometer
that tracks the movement of the device to measure orientation changes. The magnetic north was chosen to obtain the
results for this study.

Participants were instructed to execute a set of movements such as flexion, extension, and rotation of the neck. The
angle of the neck during each motion was recorded by the smartphone application, providing an accurate assessment of
cervical ROM. Each movement was trialed three times, and the mean value was used for analysis.'®

Assessment of Neck Proprioception

The proprioception of the neck, essentially the awareness of joint positioning, was assessed using a head reposi-
tioning examination. For this assessment, participants were blindfolded and instructed to return their heads to
a neutral stance following active cervical flexion, extension, and rotation. The disparity from the neutral stance was
noted, giving a quantifiable measure of the participant’s neck proprioception.* The CROM device was then set to
zero. During the testing procedure, participants were directed to close their eyes while their heads were moved by
the examiner to a target position, representing 50% of their maximum range of motion. They were asked to hold
this position for five seconds and to memorize it. Afterwards, the examiner directed the participant to return their
head to the position they remembered. The CJPE was assessed based on the degree of precision in head
repositioning. Each cervical movement tested three times, and the mean of these movements was calculated for
analysis.

Determination of Craniovertebral Angle

The craniovertebral angle (CVA) was gauged using Surgimap, specialized software for evaluating spinal alignment and
posture. Participants were side-photographed in their natural stance, with Surgimap analyzing the cervical spine’s
horizontal alignment, quantifying the craniovertebral angle (CVA). A smaller CVA implies a more pronounced forward
head posture (FHP). An image of the sagittal plane for each subject was captured with objective access to the CVA, the
digital camera was positioned at 1.5 m and fixed with a camera stand without any rotation or tilt. In order to standardize
the subject’s head and neck position, the level of the camera was set to the height of the subject’s shoulder and the image
obtained was analyzed using the Surgimap system software. If an individual’s CVA is less than 48c, they are classified as
having FHP, whereas a CVA greater than 48° indicates a normal craniovertebral posture. It has been stated that this
procedure is very reliable (ICC = 0.88)."7
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Evaluation of Quality of Life
The Short Form-36 (SF-36) questionnaire was utilized to evaluate Quality of Life (QOL). The SF-36 is a commonly
employed health survey that assesses how health influences a person’s daily activities. It has two important summary
measures, namely, the Physical Component Score (PCS) and the Mental Component Score (MCS). The raw scores for
each of the eight SF-36 dimensions, namely vitality (VT), physical functioning (PF), bodily pain (BP), general health
perceptions (GH), role physical (RP), role emotional (RE), social functioning (SF), and mental health (MH), were
obtained by totalling the item scores and transforming them into a range of 0 to 100.'®

The Neck Disability Index (NDI) comprises 10 items, each with a maximum score of 5, resulting in a total score of
100 (50 x 2). A higher score indicates more significant neck disability as reported by the patients. Unless patients
indicated that one or two items were not relevant to their situation, we calculated the instrument’s maximum potential
score as 45, which we then converted to 100% and divided by 2. The minimum clinically meaningful difference ranged
from 5% to 10% for each patient.'®

Data Analysis

IBM SPSS Statistics software (version 26.0) was utilized for the statistical analysis. Descriptive statistics offered
a summary of the data. Independent #-tests were employed to analyse the discrepancies between the two groups. The
correlation between Neck Disability Index (NDI) and the evaluated variables (cervical ROM, neck proprioception, CVA,
and QOL) was determined using Pearson’s correlation coefficient. To assess the relationship between the SF-36
questionnaire and NDI scores, correlation analysis (scatter diagram) was performed. Internal consistency reliability for
multi-items sub-scales (taking at least three items) was evaluated using the coefficient of Cronbach’s alpha. Alpha
coefficient > 0.7 was considered acceptable. The significance threshold was established at a p-value < 0.05.

Results

Table 1 provides an overview of the demographics for two separate groups: those experiencing neck pains (n=50) and
those not experiencing neck pains (n=50). The information presented includes the average age, gender distribution, and
the average length of time spent daily on bike riding for both groups.

Table 2 details the statistical description of the cervical range of motion (ROM) for two distinct groups: those with
neck pain and those without. The ROM metrics examined include flexion, extension, and both left and right rotations.
These values are denoted as mean + standard deviation (SD).

It was observed that the group with neck pain exhibited a significantly diminished cervical ROM across all metrics
when compared to the group without neck pain. Particularly, the average flexion was lesser in the neck pain group (32.3°
+ 5.6) than in the group without neck pain (45.2° £ 5.1). The t-test result (T-value = 12.04, p-value = < 0.001) confirms
that this difference holds statistical significance.

Likewise, the neck pain group had less extension (35.2° & 6.1) compared to the group without neck pain (48.5° + 6.2).
The t-test result further supports the statistical significance of this difference (T-value = 10.22, p-value =< 0.001).

Table | Descriptive Statistics for Subjects Characteristics

Demographic Characteristic Neck Pain No Neck Pain Chi Mean 95% P value
Group (n=50) Group (n=50) Square/t difference Confidence
value Interval
Age (Mean * SD, years) 35+7 33+8 —-1.33 —2.00 —4.98 to 0.98 0.186
Gender (M/F) 30/20 25/25 1.0l - - 0.314
Height (cm) 155.4 + 8.05 155.9 + 7.36 0.32 —0.50 —3.56 to 2.56 0.7465
Weight (Kg) 61.3 = 10.07 60.1 + 7.6l 0.67 1.20 —2.34 to 4.74 0.503
BMI (kg/m2) 252 + 354 247 + 328 0.73 0.50 —0.85 to 1.85 0.465
Daily Bike Riding (Mean * SD, hours) 51 5+1 0.00 0.00 —0.39 to 0.39 1.000
Experience of biking (years) 152 + 3.1 149 + 3.8 0.43 0.30 —1.07 to 1.67 0.666
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Table 2 Descriptive Statistics for Cervical Range of Motion, Craniovertebral Angle, Neck Proprioception, Physical Functioning and
General Health

Variable Neck Pain Group No Neck Pain Group | t-value Mean 95% P-value
(Mean £ SD) (Mean £ SD) Difference Confidence
Interval

Cervical Range of Motion

Flexion (°) 32.3 £5.6 45.245.1 12.04 12.9 10.77 to 15.02 <0.001
Extension (°) 35.2 £6.1 48.5%6.2 10.22 13.3 10.85 to 15.74 <0.001
Left Rotation (°) 39.6+7.8 52.1%7.6 8.09 12.5 9.44 to 15.55 <0.001
Right Rotation (°) 40.2+7.3 52.9+47.1 8.42 12.7 9.84 to 15.55 <0.001

Craniovertebral Angle

CVA () 48.5 +5.3 54.61+4.2 6.89 6.1 420 to 7.99 <0.001

Neck Proprioception

Neck Proprioception (°) 48 +1.2 2.6 +0.9 —10.47 -22 —2.62 to —1.77 <0.001
SF-36

Physical Component Score (PCS) 394 7.1 47.1+7.8 5.16 7.70 4.73 to 10.66 <0.001

Mental Component Score (MCS). 40.8+14.8 49.5£6.9 3.76 8.70 4.11 to 13.28 <0.001

In terms of rotation, the neck pain group exhibited significantly lesser left and right rotations than the group without
neck pain. Specifically, for left rotation, the average ROM was 39.6° + 7.8 in the neck pain group and 52.1° + 7.6 in the
group without neck pain (T-value = 8.09, p-value= < 0.001). For right rotation, the average ROM was 40.2° £ 7.3 in the
neck pain group and 52.9° + 7.1 in the group without neck pain (T-value = 8.42, p-value= < 0.001).

These findings demonstrate that individuals suffering from neck pain have a notably reduced cervical range of motion
in flexion, extension, and both left and right rotations compared to individuals without neck pain.

Moreover, in observing the craniovertebral angle, the group with neck pain exhibited a notably smaller angle (48.5° +
5.3) than the group without neck pain (54.6° + 4.2, t=6.89, p-value=<0.001), suggesting a more compromised neck
posture in the group suffering from neck pain.

Regarding neck proprioception, the group with neck pain showed significantly inferior proprioception (4.8° + 1.2)
compared to the group without neck pain (2.6° £ 0.9, t=10.47, p-value=<0.001).

When assessing physical functionality and overall health, the group with neck pain registered significantly lower
scores than the group without neck pain. Specifically, the mean score for physical functionality was 64.8 + 10.4 in the
neck pain group, compared to 83.6 £ 9.1 in the group without neck pain (t=9.62, p-value=<0.001). Similarly, the average
overall health score was lower in the neck pain group (62.1 + 11.3) compared to the group without neck pain (78.3 £
10.2, t=7.99, p-value=<0.01).

In summary, these findings suggest that neck pain is linked to decreased cervical range of motion, compromised neck
posture, poor neck proprioception, and diminished physical functionality and overall health.

Table 3 depicts the correlation coefficients between neck pain and several variables under study. These coefficients
quantify the strength and directionality of the relationship between neck pain and each study variable.

The inverse correlations between neck pain and the cervical range of motion (ROM) in flexion (—0.47), extension
(—0.46), left rotation (—0.44), and right rotation (—0.45) suggest that an increase in neck pain corresponds to a decrease in
cervical ROM across all these motions. The moderate magnitudes of these correlations imply that while the relationship
between neck pain and cervical ROM holds statistical significance, it is not overwhelmingly strong.

The direct correlation between neck pain and neck proprioception (0.41) suggests that an increase in neck pain
corresponds to an increase in neck proprioception. However, since proprioception is typically associated with the body’s
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Table 3 Correlation Coefficients Between Neck Disability Index
(NDI) and the Evaluated Variables (Cervical ROM, Neck
Proprioception, CVA, and QOL) Was Determined Using Pearson’s
Correlation Coefficient

Variable Correlation P value
with Neck
Pain
Cervical ROM - Flexion —0.47 <0.001
Cervical ROM - Extension —0.46 <0.001
Cervical ROM - Left Rotation —0.44 <0.001
Cervical ROM - Right Rotation —0.45 <0.001
Neck Proprioception 0.41 <0.001
Craniovertebral Angle —0.40 <0.001
Physical Component Score (PCS) —0.65 <0.001
Mental Component Score (MCS). —0.60 <0.001

capacity to sense movement and position, an increase in neck proprioception might signify deteriorated proprioception
(ie, a higher value indicating a greater degree of impairment).

The inverse correlation between neck pain and the craniovertebral angle (—0.40) implies that an increase in neck pain
corresponds to a decrease in the craniovertebral angle, which suggests a more forward-leaning neck position.

In the context of quality of life, both Physical Component Score (—0.65) and Mental Component Score (—0.60)
demonstrate inverse correlations with neck pain, suggesting that as neck pain increases, scores in these domains of
quality-of-life decrease, indicating a decline in quality of life.

In conclusion, all variables examined exhibit a significant correlation with neck pain. Specifically, an increase in neck
pain is linked with decreased cervical ROM, compromised neck proprioception, a reduced craniovertebral angle, and
a decline in quality of life in terms of both physical functioning and general health.

SF-36 physical and mental status of the patient was significantly correlated with NDI, and found that a significant
indirect correlation between both the PCS and the MCS scores and the NDI (Figures 1-3).

Table 4 illustrates that the comparison of mean difference eight SF-36 dimensions among with pain and without neck
pain groups. All SF-36 domain scores were statistically significantly lower than the without neck pain groups values.

Surgimop@ : 8 mporT £ DATABASE w

Figure | Measurement of Craniovertebral Angle (CVA) with Surgimap Software.

3580 e Journal of Multidisciplinary Healthcare 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Aafreen et al

55

50 @

NDI

45 : :
0 T Lo

35

30

SF-36 (PCS)

Figure 2 Correlation between NDI and SF-36 (PCS).
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Figure 3 Correlation between NDI and SF-36 (MCS).

Discussion

The present study revealed several significant relationships among neck pain, cervical range of motion (ROM), neck
proprioception, craniovertebral angle (CVA), and quality of life (QOL) in bike drivers. These findings are consistent with
previous research that identified a decrease in cervical ROM and neck proprioception and an alteration in CVA among
individuals with neck pain.?® The significant reduction in cervical ROM observed in the neck pain group aligns with prior
studies that found similar results among patients with chronic neck pain.> This reduction can be explained by muscle
spasm or fear of pain, leading to limitation of neck movements.?' Further research is needed to clarify the direct
mechanism behind this observed limitation. Neck proprioception was also found to be impaired in the neck pain group.
This is in line with research by Revel et al, who suggested that neck pain could lead to a deficit in proprioceptive
feedback, which might be due to changes in muscle spindle sensitivity.”> However, it should be noted that an increase in
neck proprioception score in our study corresponds to an increase in proprioceptive error, indicating poorer

proprioception.
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Table 4 Comparison of Mean Difference Eight SF-36 Dimensions Among with Pain and Without Neck Pain Groups

Eight SF-36 Neck Pain Group No Neck Pain Group t-value Mean 95% Confidence P value
Dimensions (Mean £ SD) (Mean £ SD) Difference Interval

Physical Function 64.8+10.4 83.69.1 9.62 18.8 14.92 to 22.67 <0.001

General Health 62.1x11.3 78.3%10.2 7.99 16.22 11.92 to 20.47 <0.001

Role physical 16.3£22.3 77.1x 16.2 15.59 60.80 53.06 to 68.53 <0.001

Bodily pain 373213 724223 8.04 35.10 26.44 to 43.75 <0.001

Vitality 43.1 £21.1 69.1£20.3 6.27 26.00 17.78 to 34.21 <0.001

Social functioning 56.1+22.7 79.2+ 235 4.99 23.10 13.93 to 32.26 <0.001

Role emotional 56.5+44.4 81.4+ 30.1 3.28 24.90 9.84 to 39.95 0.0014

Mental health 66.1x 19.7 779 £18.1 3.1 11.80 4.29 to 19.30 0.0024

Our study demonstrated a smaller CVA in the neck pain group, suggesting a forward head posture. This finding is
consistent with Szeto et al, who identified a significant association between neck pain and forward head posture in
computer workers.> A forward head posture might be a compensatory mechanism to reduce neck pain, but it could also
contribute to the development of neck pain due to increased stress on the cervical spine.”

The negative correlations observed between neck pain and QOL domains (physical functioning and general health)
are consistent with the findings of a study by Nolet et al that reported decreased QOL scores in individuals with neck
pain.?* This could be due to the discomfort and limitation in activities associated with neck pain, which may negatively
impact individuals’ overall health and functioning.

Our findings suggest that neck pain among bike drivers is associated with decreased cervical ROM, impaired neck
proprioception, altered CVA, and decreased QOL. These findings highlight the need for interventions focusing on these
aspects to improve the QOL of bike drivers experiencing neck pain.

Despite the valuable insights generated by this study into the connection between neck pain and various health metrics
among bike drivers, certain limitations should be noted. The cross-sectional design of the study precludes the determination of
causality between the examined variables. The small sample size and the inclusion of only bike drivers aged between 20 and
50 years may limit the generalizability of the results. Potential bias could have been introduced through the use of self-report
measures like the SF-36 questionnaire, due to individual perceptions and interpretations. Additionally, the study did not
consider potential confounding factors such as occupational history, physical activity level, or other health conditions.

Future research should take these limitations into account. Longitudinal studies could be designed to examine the
causal relationships among neck pain, cervical ROM, neck proprioception, CVA, and QOL. The inclusion of a larger and
more diverse age group of bike drivers could enhance the generalizability of the findings. Objective measurement tools
for neck proprioception and CVA would further strengthen the reliability of results. Moreover, incorporating potential
confounding factors in future analyses would contribute to a more comprehensive understanding of the relationship
between neck pain and the examined variables.

The findings of this study, however, bear significant implications for the health and well-being of bike drivers. The
association between neck pain and decreased cervical ROM, impaired neck proprioception, a forward head posture, and
decreased QOL underscores the importance of comprehensive assessments and interventions in this population.
Clinicians and health professionals may utilize these findings to develop targeted rehabilitation programs, focusing on
improving cervical ROM, proprioception, and posture. The results also emphasize the need for preventive strategies
against neck pain among bike drivers. These could potentially include ergonomics education, regular breaks, and
exercises designed to maintain proper neck function and posture. Addressing these aspects could significantly enhance
the quality of life of bike drivers.

Conclusion
In conclusion, this study has highlighted the significant associations between neck pain and decreased cervical range of
motion, impaired neck proprioception, a forward head posture, and lower quality of life in bike drivers. These findings
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gain added significance considering our methodological rigor in participant selection, underscoring the study novelty in
targeting non-professional bike Drivers, a largely understudied population. Despite the limitations of a cross-sectional
design and a relatively small, narrow age range sample, the findings provide important preliminary insights that can be
used to develop targeted interventions for this population. The results underscore the potential value of comprehensive
assessments, rehabilitation programs, and preventive strategies in improving the health and well-being of bike drivers.
Future research should aim to address the limitations of this study, expanding the sample size and age range,
incorporating objective measurement tools, and considering potential confounding factors to provide a more compre-
hensive understanding of the relationship between neck pain and the examined variables. Longitudinal studies are
particularly warranted to investigate the causal relationships among these variables. Ultimately, these research efforts
could lead to enhanced quality of life and occupational health outcomes for bike drivers.

Registration
The study is registered under Clinical Trial Registry India (CTRI) with registration number CTRI/2022/11/047689.
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