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Purpose: Prolonged sitting during driving is linked to neck pain, uncomfortable body positions, and repetitive motions. Recognizing
these challenges, this study aimed to investigate Cervical Health Parameters in Car Drivers.

Methods: The sample consisted of 160 car drivers between 25 and 45 years. This subject was then divided into two groups based on
neck pain. Participants met the required criteria, such as being between 25-45 years of age, maintaining a BMI of 18-24, and driving
for at least 2 hours each day for at least 3—5 years. To evaluate the results, we employed a clinometer and compass app on
a smartphone to measure the Cervical Range of Motion (CROM). We used Surgimap software to estimate the Craniovertebral
Angle (CVA), and a (Cervical range of motion) CROM device was used for proprioception assessment.

Results: The result shows the participants in neck pain group displayed lower Cervical Range of Motion (CROM) values than without
neck Pain Group. Similarly, the Craniovertebral Angle (CVA) was smaller in the neck Pain Group (mean difference of —6.3°),
indicating a more forward head posture. Neck pain resulted in a mean difference of —4.5° in proprioception accuracy. This indicates
that neck pain affects CROM, CVA, and proprioception in car drivers.

Conclusion: Car driving significantly impacts cervical parameters in individuals with neck pain, reducing cervical range of motion,
altered craniovertebral angle, and diminished proprioceptive accuracy. These findings emphasize the need for ergonomic interventions
and proprioceptive training tailored for drivers. Future research should broaden demographic parameters and consider potential
confounders to provide a holistic understanding of the relationship between car driving and neck health.
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Introduction

Neck pain is a common musculoskeletal issue affecting a significant proportion of the global population, with lifetime
occurrences reaching up to 71%.' This condition results in considerable disability, diminished quality of life, and
increased healthcare expenses.” Neck pain is caused by various factors, including individual, physical, and psychosocial
factors.” Evidence shows that occupational activities, such as driving, can cause or aggravate neck pain.*

Professional drivers, spanning from taxi drivers to truck drivers, each have unique driving habits and challenges which
may contribute to musculoskeletal discomfort. For instance, taxi drivers may experience frequent starts and stops and short
bursts of driving, whereas truck drivers may engage in prolonged, continuous driving sessions. The nuances in these driving
styles could influence the development and severity of neck pain and its associated biomechanical alterations.

Car driving entails prolonged sitting, uncomfortable postures, and repetitive movements, which may contribute to
musculoskeletal discomfort and disorders.” A high incidence of neck pain has been reported among professional drivers,
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particularly those driving for extended periods.® While some studies have touched upon the occupational health impacts
of prolonged driving, the specific effects of car driving on the cervical range of motion (CROM), craniovertebral angle
(CVA), and proprioception within the context of professional drivers have not been comprehensively explored. This fault
presents a critical gap in our knowledge, which this study aimed to address by providing detailed insights into these key
cervical health parameters.

CROM refers to the cervical spine’s ability to move in various directions, including flexion, extension, lateral flexion,
and rotation.” CROM is an essential outcome measure for evaluating intervention strategies targeted at individuals with
neck pain and has been linked to neck pain.® The Craniovertebral Angle (CVA) reflects the sagittal orientation of the
cervical spine in the sagittal dimension. This is determined by the intersection of the C7 spinous process and a line
extending from the ear tragus to this point.” A diminished CVA often signifies a forward-leaning head posture and
possible cervical malfunctions.'”

Proprioception, the ability to sensing the position and movement of body parts in space, is crucial for maintaining
postural stability and coordinating movements.'' Those suffering from neck pain have been reported to exhibit impaired
proprioception, which may contribute to persistent and recurring symptoms.'> Consequently, understanding car driving’s
influence on these factors is vital for developing effective preventive and management strategies for neck pain. The
objective of this study was to determine the influence of driving on neck pain, mobility, proprioception, and the
craniovertebral angle. This study aimed to describe the relationship between prolonged driving and its potential contributory
role in the onset and progression of musculoskeletal discomfort and disorders in the cervical region in drivers.

Prior research has highlighted the importance of ergonomic interventions in preventing and managing neck pain
among car drivers."> The research methodology included recruiting participants with and without neck pain, assessing
their CROM, CVA, and proprioception, and evaluating the impact of car driving on these parameters. In previous studies,
researchers observed notable gap in the cervical range of motion (CROM), craniovertebral angle (CVA), and propriocep-
tion among individuals with and without neck pain, tentatively associating these variances with the negative impacts of
car driving. However, it is necessary to emphasize that these associations do not inherently establish causal links. Our
study’s design and analytical approach have set the groundwork for identifying correlations; however, they are not
sufficiently equipped to definitively prove causality.

Materials and Methods
Study Design and Participants

This study, of observational design, enlisted a total of 160 individuals. The individuals for the study were selected using
a convenience sampling method. The sample size was determine using formula, n = z2p(1 — p)/d?, where, p= 50.0%
using Z (1.65) at 90% confidence interval, error (7%), non-response (15%). It comprises of 160 participants, falling
within the age bracket of 2545, possessing a BMI between 18-24, with 3—5 years of driving experience, and who drive
at least 2 hours per day. These participants were carefully selected using a purposive sampling method. They were
subsequently segmented into two groups: those grappling with neck pain for more than three months and those without
any neck pain history. Exclusion criteria include any history of cervical surgery, fracture, systemic disease, or neurolo-
gical disorder affecting the cervical spine.

This study was approved by the Institutional Review Board (IRB) (IEC/IIMS&R/2022/70), adhering to standard ethical
procedures for human subject’s research. Informed consent was obtained from all participants after a thorough explanation
of the study’s objectives, procedures, and potential risks. The study adhered to the ethical standards as prescribed in the
1964 Helsinki Declaration. Essential demographic information, including age, gender, and driving duration, was gathered
through a self-administered questionnaire to provide context for data interpretation and analysis. Uniform verbal instruc-
tions were given to all subjects, and measurements were taken by the same examiners using identical instruments.

Measurement of Cervical Range of Motion
Cervical range of motion (CROM) was assessed using a smartphone equipped with a clinometer and compass application,
following the procedure recommended by Khan AR et al (2023).'* The smartphone applications demonstrated a high level
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of reliability, as indicated by their Intraclass Correlation Coefficients (ICC) of 0.80. In comparison to a universal
goniometer, these applications presented good to excellent validity, as indicated by their intraclass correlation coefficients
of 0.65, for all six cervical ranges of motion in both participants with and without neck pain. This method offered an
inventive and dependable way to quantify cervical ROM, guaranteeing the collection of precise data. As instructed,
participants were 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.
For every cervical movement, three evaluations were undertaken, and the average score was employed for the assessment

Measurement of Craniovertebral Angle

A lateral-view photograph was used to calculate the craniovertebral angle (CVA). For this purpose, participants were
photographed standing on a plumb line. This is the angle created by a horizontal line intersecting the C7 spinous process
and a line that links the ear’s tragus to that same spinous process. In this assessment, the participant’s neck and head
posture was numerically assessed. In this study, CVA was calculated precisely with Surgimap software. When the CVA is

diminished, it suggests a forward head posture, which is typically linked with cervical pain.'

Assessment of CJPE

To evaluate neck proprioception, the Cervical Joint Position Error (CJPE) test was used, focusing on the right and left
cervical rotations. Subjects were instructed to sit upright on a stool, their feet firmly on the ground. Test administrators
affixed CROM devices to the participants’ heads and asked them to determine their neutral head position.'® 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.'”'®

Statistical Analysis
The data was analysed comprehensively using SPSS 24. Content validity was evaluated as a validation method. A group
of experts in the field assessed the significance and suitability of the questionnaire items to estimate content validity.
Their knowledge was contributory in checking that the questionnaire sufficiently taken the proposed constructs and
content areas. Moreover, we evaluated reliability by calculating internal consistency. Cronbach’s alpha value was
assessed to estimate internal consistency, ie, 0.79, which is suggestive of adequate internal consistency

The CROM, the CVA, and the proprioception of groups with and without neck pain were compared using
independent #-tests. A multivariate analysis, including MANOVA, revealed relationships between variables, accounting
for potential confounders. The results of the Hosmer-Lemeshow test contribute significantly to the overall validity of the
model. A non-significant result (p > 0.05) indicates good model fit, suggesting that our logistic regression model
accurately predicts the probability of the outcome variable. Any result with a p-value <0.05 was statistically significant.

Results
As outlined in Table 1, the characteristics of participants varied slightly between the Neck Pain Group and the Non-Neck Pain
Group. The participants in the Neck Pain Group exhibited a mean age of 34.5 £5.0 years, while their counterparts in the Non-
Neck Pain Group averaged 33.8 +4.7 years. However, this difference was not statistically significant (t=—0.456, p=0.650).
Both groups maintained an almost identical mean BMI near 22 (t=0.342, p=0.734). Gender distribution indicated a higher
male predominance in the Neck Pain Group at 60%, as opposed to even gender distribution in the Non-Neck Pain Group.
Moreover, the Neck Pain Group reported a marginally longer average driving experience of 4.1 +0.8 years compared to the 3.9
+0.7 years in the Non-Neck Pain Group, but the difference remained non-significant (t=—0.841, p=0.405).

Regarding cervical range of motion (CROM) comparisons in Table 2, individuals in the Neck Pain Group consistently
demonstrated reduced CROM across all directions compared to the Non-Neck Pain Group. Significant deficits were
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Table | Characteristics of Participants

Characteristics Neck Pain Non-Neck Pain | Chi- square | p-value
Group (n=80) Group (n=80) or t value

Mean age (years) 345 £5.0 33.8 4.7 —0.456 0.650

Mean BMI (kg/m?) 22.1 1.9 223 £1.8 0.342 0.734

Gender (M/F) 48/32 (60%/40%) | 40/40 (50%/50%) 0.404 0.525

Driving experience (years) 4.1 £0.8 3.9 +0.7 —0.841 0.405

Abbreviations: BMI, Body Mass Index; M, Male; F, Female.
Table 2 Cervical Range of Motion (CROM) Comparisons Between Groups
Direction Neck Pain Non-Neck Pain Mean 95% Confidence | t value | p-value
Group (n=20) | Group (n=20) | Difference Interval

Flexion 32.2+6.5 414 £ 4.1 -9.2° —12.5° to —5.9° 5.35 0.00
Extension 312+ 7.1 388+74 —7.6° —12.2° to —2.9° -3.31 0.00
Right Lateral Flexion 304 £ 8.1 36845 —6.4° —10.5°t0 —2.2° 3.08 0.00
Right Lateral Flexion 322+54 38.8 +4.1 —6.6° —9.6° to —3.5° 435 0.00
Right Rotation 464 £ 7.3 55.1 + 64 -87° —13.1° to —4.3° 4.00 0.00
Left Rotation 484 £ 54 56.5 + 4.1 -8.1° —11.1° to =5.0° 5.34 0.00

particularly notable in flexion (—9.2°), left rotation (—8.1°), and right rotation (—8.7°), all of which were statistically
significant with p-values registering at 0.00.

Transitioning to craniovertebral angle (CVA) observations (Table 3), the Neck Pain Group showed a smaller CVA
measurement (42.4 = 3.3°) when juxtaposed against the Non-Neck Pain Group (48.7 £2.1°). The resultant mean
difference was —6.3°, which was statistically significant within a 95% confidence interval of —8.1° to —4.5° (p=0.01).

Further, proprioceptive evaluations (Table 4) revealed that the Neck Pain Group had a diminished proprioceptive
accuracy, measuring at 5.9 + 1.2, in contrast to the Non-Neck Pain Group, which acted as the reference group with an
accuracy of 1.4 + 1.1. This significant mean difference of —4.5° was confirmed with a 95% confidence limit ranging from
—5.2° to —3.7° (p=0.00).

Logistic Regression Analysis (Table 5) The logistic regression model evaluated various factors influencing the
incidence of neck pain among car drivers, considering CROM, CVA, and proprioception. Flexion, extension, and
rotations (both left and right) were found to be significant predictors, with p-values less than 0.05. “Flexion” and

“Extension” show statistically significant associations with the outcome, with odds ratios of 0.820 and 0.960, suggesting

Table 3 CVA Comparisons Between Groups

Group CVA | Mean £ SD Mean 95% Confidence | p-value
Difference Interval
Neck Pain Smaller 424 + 33
Non-Neck Pain | Larger 487 12.1 —6.3° —8.1° to —4.5° 0.01
Abbreviation: CV, Craniovertebral Angle.
Table 4 Proprioceptive Comparisons Between Groups

Group Proprioceptive Accuracy | Mean = SD | Mean Difference 95% CL p-value
Neck Pain Decreased 5912 —52°to -3.7°
Non-Neck Pain Reference Group 14+ 1.1 —4.5° 0.00

https:
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Table 5 Logistic Regression Analysis

Variable Coefficient | Standard | Odd Ratio | 95% Confidence Interval | p-value
Error
Lover Upper

Flexion —0.0743 0.3495 0.820 —0.889 0.491 0.001
Extension 0.2094 0.3108 0.960 —0.640 0.558 0.012
Right Lateral Flexion 0.0827 0.1195 0912 —0.329 0.140 0.000
Right Lateral Flexion 0.1876 0.3507 10.123 -0.572 0.806 0.001
Right Rotation 0.1595 0.2950 0.978 —0.598 0.554 0.023
Left Rotation 0.1334 0.4097 1 0.111 0.105 0.907 0.014
CVA —0.7662 0.4900 0.624 —1.438 0.495 0.000
Proprioceptive Accuracy | 1.0117 0.4494 1 0.323 -0.293 1.414 0.080
Constant —24.018

decreased odds of the outcome with increased flexion and extension, respectively. “Right Lateral Flexion” is highly
statistically significant, indicating 8.8% reduced odds of the outcome with each unit increase in right lateral flexion. “Left
Lateral Flexion” and “Left Rotation” have anomalous odds ratio values that require validation, but the latter is likely not
statistically significant given its high p-value. “CVA” is statistically significant, indicating 37.6% decreased odds of the
outcome. The Hosmer-Lemeshow test affirmed the appropriateness of our logistic regression model.

Discussion

This study investigated the Influence of Driving on Neck Pain, Mobility, Proprioception, and Cranio Vertebral Angle.
A significant reduction in CROM, a smaller CVA, and a decrease in proprioceptive accuracy were observed in
participants with neck pain compared with those without.

In previous studies, individuals with neck pain had reduced CROM in all directions of movement compared to those
without neck pain.'*** CROM may be reduced due to muscle stiffness, pain, and joint restrictions associated with neck
pain.?' For car drivers, these conditions may be associated with limited range of motion and neck pain, though our
observational study design does not allow for the establishment of a causal link.*?

In previous research, forward head posture was linked to neck pain and a smaller CVA in the neck pain group.**?*
Evidence suggests that forward head posture may increase the load on cervical spine structures, potentially leading to
muscle imbalances, joint restrictions, and neck pain; however, causality cannot be inferred from our data.?® In ergonomic
interventions for car drivers with neck pain, it is important to address head posture.®®

Moreover, the current study found a decreased proprioceptive accuracy in subject with neck-pain as compared to without neck
pain. Researchers have previously found impaired proprioception in people suffering from neck pain.>’*® As a result of neck pain,
muscle spindle sensitivity, and joint mechanoreceptor function may be altered.”” Motor control and muscle activation patterns can
be affected by poor proprioception, further aggravating neck pain.*® Incorporating proprioceptive training in the treatment of neck
pain in car drivers may be beneficial, though the effectiveness of such interventions needs further investigation.*'

Researchers found that ergonomic interventions and awareness programs can prevent and manage neck pain in car
drivers. CROM, CVA, and proprioception should be studied in future research to see if such interventions improve
CROM, CVA, and proprioception among car drivers with neck pain.

This study had several limitations that should be acknowledged. Given our study’s observational design and the cross-
sectional nature of the data, we highlight the associations observed rather than implying causation between driving and
neck pain. There is a potential limitation to the generalizability of the findings in a larger population of car drivers with
and without neck pain due to the relatively small sample size of 160 participants, with 80 in each group. The results need
to be confirmed and enhanced with larger sample sizes in future research. Additionally, a cross-sectional study design
only provides a snapshot of the participant’s condition at a single point in time, making it impossible to determine if car
driving causes neck pain or if neck pain progresses. It is necessary to conduct longitudinal studies in order to elucidate
the causal relationship and identify potential factors that may contribute to neck pain development.
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Additionally, the study relied on self-reported driving experience data, recall or social desirability bias may be present
in this study. Objective measures of driving experience, such as vehicle data recorders or driving logs, could improve
data accuracy. Moreover, the study included only participants aged 25-45, with a BMI of 18-24, and 3-5 years of car
experience, driving at least 2 hours per day. These inclusion criteria may limit the generalizability of the findings to car
drivers with different age ranges, BMlIs, driving experiences, or driving durations. Future studies should consider
including a more diverse population to evaluate the impact of car driving on neck pain across a broader demographic.

In addition, potential confounding factors were not taken into account, such as occupation, physical activity levels,
car ergonomic adjustments, or other musculoskeletal disorders. Results may be influenced by these factors and inter-
preted differently. To better understand how car driving affects neck pain, future studies should control potential
confounders. Lastly, this study did not investigate the effectiveness of specific interventions, such as ergonomic
adjustments or proprioceptive training, in improving outcomes among car drivers with neck pain. In the future research
should explore the impact of targeted interventions on CROM, CVA, and proprioception in this population.

Conclusion

The study conclusively highlights the implications of car driving on cervical parameters, including CROM, CVA, and
proprioception, especially in subjects with neck pain. Our findings solidify that neck pain in car drivers can lead to
marked reductions in cervical range of motion, alterations in craniovertebral angle, and decreased proprioceptive
accuracy. Aspects such as forward head posture associated with a diminished CVA and the resultant biomechanical
stresses on the cervical spine underline the need for improved ergonomic considerations in occupational health frame-
work for drivers. This research underscores the importance of integrating proprioceptive training and ergonomic
interventions tailored specifically for car drivers to address and ameliorate these issues, marking a crucial step in
enhancing their health and wellness. Emphasizing the occupational health perspective, our study advocates for the
implementation of targeted interventions based on our findings. Future studies are encouraged to delve deeper, expanding
the sample size and demographic diversity while considering potential confounders to understand the nexus between car
driving and neck pain comprehensively. Implementing targeted interventions to improve CROM, CVA, and propriocep-
tion in drivers with neck pain is an invaluable strategy to promote occupational health and wellness.
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