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Introduction 
 
Increase in life expectancy and quality of life 
means a growth in older adults driving around ur-
ban areas (1). This also means higher number of 
vehicles on roads and traffic congestion. Study by 

Sarker (2) observed that traffic congestion, rising 
at an alarming rate, is a national predicament in 
cities. This situation has imposed various adverse 
health effects in drivers, including musculoskeletal 
problems. 

Abstract 
Background: Musculoskeletal problems among drivers sourced from severe traffic congestion have become a 
substantial public health issue. Prominent driving risk exposures were deemed to inflict symptoms such as 
discomfort and ache among drivers that subsequently contribute to fatigue. This study aimed to investigate the 
relationship between frequency and period of getting stuck during driving through stop-go motion towards the 
prevalence of musculoskeletal problems. Moreover, several combined effects of parameters were investigated 
towards the experience of knee pain among drivers. 
Methods: This study adopted a cross-sectional questionnaire survey method. The survey conducted in 2021 was 
randomly sampled among 18-year-old and above Malaysian drivers with valid driving license and the survey 
conducted through social media via an online Google form. To analyse the association and outcomes of the 
survey, Chi-Square and Binary Logistic Regression tests were used respectively. 
Results: Overall, 320 drivers were recruited in this study. Data of 180 drivers who frequently stuck during peak 
hours in congestion was analysed with chi-square test that showed no significant relationship for both the driving 
exposure variables with the prevalence of knee pain during stop-go motion. Nevertheless, 92 (51.11%) drivers 
reported commonly experiencing knee pain symptoms from prolonged repetitive driving motion. The total 
sample of this study tested using regression analysis for combined effects of the parameters showed a significant 
(P<0.05) correlation of the drivers’ experience of knee pain while driving in heavy traffic.  
Conclusion: Generally, there are combined variables that contributed towards the occurrence of knee pain 
during stop-go driving in this study. 
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The World Bank, 2015 reported that Kuala Lum-
pur dwellers tend to travel at slower pace 
(29km/h) during the day peak time and spend on 
average of 250 million hours annually in the road 
congestion (3). The duration spent commuting 
amidst traffic congestion was considered long, in 
which longer period will result in repetitive motion 
of the lower limb. 
Long durations of traffic jams require lower ex-
tremities to carry out motion that has been associ-
ated with varieties of musculoskeletal conditions 
including back and knee deformities. A study by 
Punnett discussed the prevalence of musculoskel-
etal inflammation and degeneration as results of 
frequent repetitive behavior (4). Similar activities 
may even cause ligament damages if carried out in 
an active manner as observed in past studies (5-7). 
In addition, the occurrence of knee pain is associ-
ated with the duration of driving. A secondary 
analysis study (8) stated that a driving duration of 
approximately 6 h is vastly linked to the occur-
rence of patellar pain. A study among taxi drivers 
for musculoskeletal disorders (9) reported a driv-
ing duration of more than 10 h for the same prev-
alence. Thus, an exact driving duration associated 
with musculoskeletal problems among drivers 
cannot be deduced owing to the different demo-
graphic and other independent variables. 
Previous studies mainly researched the downside 
of driving activity related to traffic jams. Research 
by Khamis studied the drivers’ engagement with 
the cars’ pedals under a virtual traffic jam condi-
tion using a simulator (10). In a cross-sectional 
survey (11), the impairment of knee osteoarthritic 
drivers’ performance during traffic congestion was 
emphasized. Several other cross-sectional studies 
(12-14) highlighted the relationship for drivers’ fa-
tigue condition with their safety of driving, by tak-
ing drivers’ time of exposure into account. In this 
study, we aimed to bridge the gap by emphasizing 
the physiological effects in regard to knee pain 
symptoms. This study aimed to investigate the role 
of frequency and period of getting stuck during 
driving through stop-go motion that were ex-
pected to have most weightage and contribution 
towards the prevalence of musculoskeletal prob-
lems.  

Materials and Methods 
 
Questionnaire Development and Distribution 
This cross-sectional study used questionnaire sur-
vey investigated the various driving exposure pa-
rameters, conditions towards the prevalence of 
musculoskeletal problems and the impact of opti-
mum driving posture among drivers. The ques-
tionnaire prepared by adapting some relevant in-
sights from Nordic Musculoskeletal Question-
naire such as identification of lower limb associ-
ated with musculoskeletal problems, the period of 
engagement and body’s postural when carrying 
out activities as observed in Crawford’s study (15). 
The questionnaire comprised of 28 questions in 5 
different sections. 
In the first section, the respondents’ information 
form included a brief introduction, objectives, and 
the participants’ eligibility criteria. Second section 
covered the participation consent ensuring they 
understood the scope of the research survey and 
voluntarily agreed to participate. Third section was 
the demographic particulars such as age, gender, 
weight, height, and type of car driven. 
Next was the driving exposure, such as tendency 
of driving during peak hours, frequency stuck in 
congestion, car driven speed, phase of the day 
stuck in congestion and the location of musculo-
skeletal pain symptoms. In the final section, on re-
spondents’ health overview, the survey focused on 
the diagnosis of knee osteoarthritis and the effects 
experienced from driving in traffic congestions. 
This questionnaire structured with simple bino-
mial or categorical responses. 
A random sampling method utilized to distribute 
the questionnaire survey through social media 
(Emails, WhatsApp, and Telegram), via an online 
Google form. The inclusion criteria were Malay-
sian driver aged 18 yr and above with valid driving 
license. The study developed using a preliminary 
survey that was carried out to comprehend the 
level of understanding and time taken by the re-
spondents to successfully answer all the questions. 
The respondents did not take more than 15 min to 
complete the questionnaire. None of the respond-
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ents are truck or lorry drivers, most of the re-
spondents are driving sedan cars, multi-purpose 
vehicles or sports utility vehicle cars. 
 
Population Sample Size and Statistical Design 
This study attained 320 responses. Incomplete or 
double responses were excluded. The amount of 
raw data obtained was sufficient based on Sud-
man’s study (16) that highlighted responses for 
surveys to have at least 100 components from 
every prime group classification. This study has 14 
predictors fulfilling Pallant’s criteria for sample 
size with a minimum of 15 responses for every 
predictor intended for logistic regression analysis 
(17). The sample size calculation performed using 
G*Power 3.1.9.7 software considering the F-test 
statistical analysis with a power density of 95%, ef-
fect size of 0.15, 5% alpha error and 14 predictors, 
that suggested a minimum sample size of 194 par-
ticipants for this study. The scale of data used were 
nominal and ordinal. 
The data obtained analyzed statistically using SPSS 
ver. 5 (Chicago, IL, USA). The analyses divided 
into two groups: the targeted drivers’ group and 
the total sample size. Drivers who regularly drive 
through traffic congestion during peak hours were 
regarded as the targeted drivers’ group. Pearson’s 
Chi Square test was used to evaluate the associa-
tion (P<0.05) of the categorical parameters (fre-
quency and period stuck in traffic congestion) to-
wards the onset of knee pain for targeted drivers’ 
group. Phi and Cramer’s V values with the degree 

of freedom of 3 were used to study the effect size 
of the tested categorical variables.  
For the total sample size group, 14 predictors were 
used in binomial logistic regression to find the col-
linearity of the various cumulative variables of in-
terest with the prevalence of knee pain among 
drivers during stop-go motion. The dependent 
variable was the knee pain while the independent 
variables being the age, height, body mass, body 
mass index(BMI), tendency of driving during peak 
hours, frequency of getting stuck in traffic conges-
tion, experiencing traffic congestion during week-
end, experiencing traffic congestion during festive 
seasons, experiencing foot pain while/after driv-
ing through traffic congestion, experiencing calf 
pain while/after driving through traffic conges-
tion, experiencing thigh pain while/after driving 
through traffic congestion, diagnosed with knee 
osteoarthritis (kOA), type of diagnosis and stages 
of kOA. 
 
Participants’ Demographic 
The total sample size of the questionnaire was 320 
(Male=140; Female=180). The respondents’ mean 
height was 1.63 ± 0.09m, mean weight 64.14 ± 
14.30kg, and mean BMI 24.13 ± 5.20kg/m2. Out 
of 320, 180 (56.25%) respondents answered as 
“usually drives through traffic congestion during 
peak hour”, and they were regarded as targeted 
drivers’ group for this study. Table 1 showed the 
demographics. 
  

 
Table 1: The age categories for the total sample size and targeted drivers’ groups 

 
Age Categories (years old) Total Sample Size, n (%) Targeted Drivers’ Group, n (%) 
20 – 24 189 (59.1) 97 (53.9) 
25 – 29 50 (15.6) 29 (16.1) 
30 – 39 35 (10.9) 23 (12.8) 
40 – 44 4 (1.3) 2 (1.1) 
45 – 49 7 (2.2) 6 (3.3) 
50 – 54 23 (7.2) 15 (8.3) 
55 - 59 12 (3.8) 8 (4.4) 
Total, n 320 (100) 180 (100) 

 
The demographics for the targeted drivers’ group 
of 180 respondents (Male=76; Female=104) were: 
mean height=1.63 ± 0.10m, mean weight=64.23 
± 14.98kg, and mean BMI=24.15 ± 5.57kg/m2.  

Responses for kOA with clinical diagnosis re-
ported 55 respondents to be normal (kOA stage 
0), 14 stage 1, 8 stage 2, and 1 stage 4. 
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Ethics Approval and Consent to Participate 
The study has acquired research ethics approval 
from University of Malaya Research Ethics Com-
mittee (UMREC) (UM.TNC2/UMREC – 208). 
The participation was voluntary, and all the partic-
ipants read, confirmed, and provided their written 
informed consent in the questionnaire prior to an-
swering questions. All particulars obtained from 
participants were held in strict confidentiality. 
 
Results 
 

Frequency Stuck 
The frequency of getting stuck in traffic conges-
tion was categorised into everyday (n=7), a few 
times per week (1≤ n ≤ 5), a few times per month 
(n > 1) and a few times per year (seldom getting 
stuck). From the targeted drivers’ group, the fre-
quency stuck in traffic congestion a few times per 
week showed the highest (48.3%) percentage of 
respondents, followed by getting stuck everyday 
with 45 (25%) respondents, a few times per month 
with 35 (19.4%) respondents and lastly, a few 
times per year with 13 (7.2%) respondents (Fig.1).  

 

 
 

Fig. 1: The number of times targeted drivers’ group stuck in traffic congestion 
 
Period Stuck  
The targeted drivers’ group were asked about the 
average duration they get stuck in traffic conges-
tion. The period stuck variable was calculated as: a 
person usually leaves their place at 8.00 am and 
reaches their destination at 8:30 am. If due to traf-
fic congestion, the person reaches at 9.00am, the 
extra 30 min is considered as ‘period stuck’. 

From Fig. 2, 56.7% of the targeted respondents 
answered to have been stuck in traffic congestion 
for less than 1 hour. Only 39.4% respondents an-
swered to be stuck for 1-2 h, 3.3% respondents 
answered to be stuck for 2-3 h and 0.6% respond-
ent answered to be stuck for more than 3 h. 
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Fig. 2: The different period of targeted drivers’ groups stuck in traffic congestion 
 
Statistical Analysis of Driving Exposure 
Categorical Parameters 
The driving exposure categorical parameters such 
as frequency stuck, and period stuck in traffic 
congestion were statistically tested using chi-
square test to evaluate the significance of 
association for the targeted drivers’ group 
experiencing knee pain symptoms while/after 
driving through traffic congestion. The 
significance determined was α=0.05. The test’s 
null hypothesis (H₀) would indicate the absence of 
significant relationship between the categorical 

parameters and drivers experiencing knee pain 
symptoms. While, the test’s alternative hypothesis 
(Ha) would indicate presence of significant 
relationship between the variables. The Phi and 
Cramer’s V values from 2×4 table were used to 
indicate the strength of the association. 
 
Relationship of frequency stuck and knee pain 
Table 2 showed cross tab outcome for the targeted 
drivers’ group when tested to evaluate their 
frequency stuck in traffic congestion with knee 
pain symptoms. 

  
Table 2: The frequency stuck in traffic congestion and drivers experience of knee pain 

 
Frequency stuck in traffic vs experience of knee pain symptoms 
Cross tabulation 

Count  
 Experience of knee pain 

symptoms 
Total 

No Yes 
Frequency 
stuck in 
traffic 

A few times per year 9 4 13 
A few times per 
month 

16 19 35 

A few times per week 43 44 87 
Everyday 20 25 45 

Total 88 92 180 
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Pearson chi-square test revealed that the 
asymptotic significance (2-sided) value was 0.447 
(P>0.05), whereas the symmetric measures for 
Cramer’s V significance was 0.122 (showed below 
medium effect size) as medium effect size for df 
=3 is 0.17. Hence, analysis showed frequency 
stuck in traffic congestion has no statistical 
significance with experiencing knee pain 
symptoms among drivers.  
However, a statement question ‘driving in 
prolonged repetitive stop-go motion in heavy 
traffic can enhance the occurrence of knee pain’ 

was asked and the majority of the respondents 
agreed to the statement. Overall, 128 (92.1%) 
respondents answered that prolonged repetitive 
motion can contribute to knee pain symptoms 
while 11 (7.9%) answered otherwise. 
 
Relationship of period stuck and knee pain 
Table 3 showed the crosstab outcome for the 
targeted drivers’ group when tested to evaluate 
their period stuck in traffic congestion leading to 
knee pain symptoms. 

  
Table 3: The period stuck in traffic congestion and drivers experience of knee pain 

 
Period stuck in traffic vs experience of knee pain symptoms 
Cross tabulation 

Count  
 Experience of knee pain 

symptoms 
Total 

No Yes 
Period stuck 
in traffic 

Less than 1 hour 51 51 102 
1 - 2 h 32 39 71 
2 - 3 h 5 1 6 
More than 3 h 0 1 1 

Total 88 92 180 
 
Table 3 showed the crosstab outcome for the 
targeted drivers’ group when tested to evaluate 
their period stuck in traffic congestion leading to 
knee pain symptoms.  
Pearson chi-square test revealed that the 
asymptotic significance (2-sided) value was 0.234 
(P>0.05), whereas the symmetric measures for 
Cramer’s V significance was 0.154 (showed below 
medium effect size) as medium effect size for df=3 
is 0.17. Hence, analysis showed the period stuck in 
traffic congestion has no statistical significance 
with the experience of knee pain symptoms 
among drivers. 
However, a statement question ‘long duration 
drive in traffic congestion can enhance/increase 
the occurrence of knee pain’ was asked and 

majority respondents agreed to the statement. 
Totally, 176 (97.8%) respondents who usually 
drive in traffic congestion agreed on the 
prevalence of knee pain due to prolonged driving 
based on their own experience of knee pain 
symptoms during the prolonged driving.  
 
Variables of Interest 
Since the targeted drivers’ group who usually drive 
through traffic congestion during peak hours 
showed statistically non-significant correlation for 
the two categorical parameters, an overall total 
sample size of 320 was selected to interpret the 
possible contribution of independent variables to-
wards the experience of knee pain symptoms 
while/after driving through traffic congestion. A 
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binary logistics regression was carried out for this 
purpose. 
The overall observed data against predicted data 
classification accuracy was 78.1%. Hosmer-Leme-
show statistics showed 0.6 (P>0.05), non-signifi-
cant value that indicated good fit of the model. 
There were many parameters included in the 
model to test the independent variables. The vari-
ables that showed statistical significance (P<0.05) 
were the tendency of driving during peak hours 
(P=0.030), experiencing thigh pain while/after 
driving through traffic congestion (P=0.008), type 
of diagnosis (P=0.040), and stages of kOA 

(P=0.047). The remaining 8 variables showed sta-
tistical insignificance (P>0.05). 
 
Musculoskeletal Pain and Driving in Traffic 
Congestion 
Driving through traffic congestion with repetitive 
stop-go motion can contribute to various pain 
symptoms. In Fig. 3, the 180 respondents who 
usually drive through traffic congestion have re-
ported experiencing foot pain (64.44%) as the 
most common pain symptom, followed by knee 
pain (51.11%). 

 

 
 

Fig. 3: The different types of pain symptoms during/after driving in traffic 
 
Discussion 
 
The purpose of this study was to evaluate the driv-
ing exposure parameters’ association with the 
prevalence of musculoskeletal problems while 
driving through traffic congestion. The driving ex-
posure parameters tested in this study comprised 
of mainly the frequency and period of getting 
stuck in traffic congestion.  
The study carried out using an online question-
naire survey, as these studies (18, 19) suggested the 
usage of web-based questionnaires raise data qual-
ity. This study garnered a total sample size of 320 
respondents and a targeted drivers’ group of 180 

respondents, where both the respondents’ BMI 
groups classified into normal BMI (18.5–24.9 
kg/m2) in corroboration with Shafer’s validity 
study (20).  
48.3% of targeted drivers were stuck a few times 
per week, while 25% of the targeted drivers were 
stuck in traffic congestion on a daily basis. 
Laflamme (21) reported that despite the conges-
tion surges from a.m. to p.m. rush hours, the pe-
riod of traffic still relied on the day of the week as 
well, in which heavier congestion was observed 
from Monday to Thursday. Meanwhile, 56.7% of 
targeted drivers reported getting stuck in traffic 
congestion for less than 1 hour besides 39.4% 
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drivers experienced getting stuck for at least 1-2 h. 
Drivers get stuck during peak morning and even-
ing, in agreement with previous studies (21, 22).  
An occupational driving study among police offic-
ers has (23) reported that driving exposures such 
as the period and distance travelled had contrib-
uted to significant repercussion on the musculo-
skeletal pain. Fatigue-inducing driving conditions 
due to frequent and prolonged traffic congestion, 
likewise, can result in harmful effects to the mus-
culoskeletal (8, 9, 18, 23, 24-28). Thus, the driving 
exposures in this study were statistically investi-
gated with the prevalence of knee pain symptoms 
as the primary musculoskeletal pain. The knee 
pain symptoms comprised of numbness or ache 
when the knee was kept in prolonged active state. 
Contrary to the prediction, the frequency of tar-
geted drivers stuck in traffic congestion showed 
no statistical significance in their experience of 
knee pain symptoms. Nevertheless, Szeto (29) dis-
cussed that the drivers’ frequent motion can be as-
sociated to the knee/thigh pain based on the load-
ing forces. From this study, 92.1% respondents 
agreed that prolonged repetitive motion can con-
tribute to knee pain symptoms.  
Binomial logistic regression of the total sample to 
compute combined contribution of the independ-
ent variables towards knee pain yielded 78.1% 
Hosmer-Lemeshow accuracy with significant as-
sociation (P<0.05) for the tendency of driving dur-
ing peak hours, experiencing thigh pain while/af-
ter driving through traffic congestion, type of di-
agnosis for kOA and stages of kOA. The tendency 
of drivers driving during peak hours constituted 
both the discussed driving exposures. This closely 
correlated with the prevalence of knee pain ac-
cording to the previous studies. Prolonged and 
frequent driving exposures may lead to fatigue 
condition (24), and this was often experienced by 
the actively participated quadriceps or thigh mus-
cles. Active repetitive joint motion may cause 
muscle acidosis that is linked with muscle fatigue 
and deterioration of proprioception (5). Thigh 
muscle fatigue and reduction of strength near pa-
tella may subsequently result in knee stiffness and 
debilitation/weakness (30). This later translates 
into knee pain. Additional determinants such as 

the diagnosis and stages of kOA made the drivers 
more susceptible to experiencing knee pain ac-
cording to this study’s finding. However, there are 
no past studies that researched the contribution of 
kOA towards the prevalence of knee pain among 
drivers through stop-go motion. Incidentally, a 
study on the prevalence of knee osteoarthritis (31) 
reported that the duration variable and kOA crep-
itus symptom during motion were associated with 
knee pain. Thus, combined variables contributed 
towards the prevalence of knee pain among driv-
ers during stop-go motion. 
The proportion of musculoskeletal pain experi-
enced by drivers through stop-go motion was also 
studied in this cross-sectional survey. Majority of 
the targeted respondents reported foot pain 
(64.44%) as the most common pain, followed by 
knee pain (51.11%) due to prolonged driving. Sev-
eral similar knee pain/discomfort prevalences due 
to driving were found in past studies (18, 26, 29, 
32, 33). The reported knee pain in this study varied 
slightly from the past investigations. This could be 
due to the decision of selectively choosing only 
drivers who usually drive in prolonged stop-go 
condition. Such selective decision deemed im-
portant as to precisely address the consequences 
of prolonged frequent stop-go driving towards the 
prevalence of knee pain. 
Although this study has garnered considerably 
large amount of data for analysis, some possible 
biases could present with the nature of the survey, 
such as the potential deviation in the self-reported 
responses, adopted drivers’ knee posture and an-
gle which could not be further explored. Despite 
the data reported anonymously, the scientific val-
ues provided were guaranteed, and scales of 
measures were recommended to use in order to 
limit the potential biases especially for the self-re-
ported responses (12).  
 
Conclusion 
 
The period and frequency of repetitive driving 
exposures among 180 targeted drivers who usually 
drive during peak hours in traffic congestion 
showed no statistically significant effects on 
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experiencing knee pain. However, when an overall 
of 320 drivers were tested with logistic regression 
for a combined model of 14 variables, 4 variables 
showed significant contribution towards the 
occurrence of knee pain. This study is 
fundamental to evaluate the contribution of 
various parameters towards the prevalence of 
musculoskeletal problems among drivers. 
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