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Abstract 

Background

Every year around the world road traffic accidents (RTAs) cause 1.19 to 1.35 million 

deaths and 20–50 million non-fatal injuries that result in long-term disabilities and 

loss of potential life years (YPLL). These injuries have far-reaching consequences 

that extend beyond the injured person to impact both their families and their wider 

communities. The Middle East shows a wide range of death rates from RTAs and 

Saudi Arabia experiences the highest fatality rate. This study aims to identify differ-

ent maxillofacial fractures and other skeletal fractures in road traffic accident victims 

while investigating seatbelt usage’s correlation with maxillofacial fractures and also 

examines demographic variables (age, gender) and crash-related factors (seating 

position, vehicle type) to contextualize seatbelt efficacy. The study evaluated road 

traffic accident cases from a retrospective record-based dataset spanning 2011–2021 

during the period from January 2023 through May 15th 2023 and marked 542 records 

with complete details as eligible after filtering. Out of 3629 RTA records, 907 (25%) 
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were randomly selected. Among these, 542 (65%) met the inclusion criteria and 

were analyzed. The male population comprised 76% of the 412 victims and 82.8% of 

the victims neglected seatbelt usage while 284 of the 542 participants experienced 

multiple bone fractures and 126 individuals suffered from single maxillofacial bone 

fractures. The mandible fracture was the most common facial bone injury with 246 

cases (45.3%), followed by Lefort1 fractures which occurred 244 times (45.0%), and 

Zygomatic maxillary complex fractures which had 216 occurrences (39.8%).

Conclusion

Research results highlight the necessity for stronger public health strategies and road 

safety programs to improve seatbelt usage and decrease injury severity in road traffic 

accidents. Research findings indicate specific vehicle safety design enhancements 

needed to prevent facial injuries more effectively.

Introduction

Every year the world loses approximately 1.19–1.35 million people due to road 
fatalities [1–3]. Injuries from road traffic accidents result in fatalities and permanent 
disabilities which contribute significant years of potential life lost (YPLL). These road 
crashes often claim the lives of family breadwinners; it will deeply be impacting the 
families both emotional and economical and long-term consequences to their com-
munities [1–3]. Research demonstrates a significant correlation between road traffic 
accident mortality rates and the economic status of different nations [4]. Low-income 
countries experienced three times higher RTAs (27.5/100,000 deaths/population) 
compared to high income countries which reported 8.3/100,000 deaths/population/
year [5].

The Middle East Region recorded road traffic death rates between 36.13 and 3.93 
per 100,000 people in 2020 with Saudi Arabia showing the highest rate and Israel 
the lowest. [6,7] the average Saudi Arabian RTA related mortality rate 36.1/100,000, 
which is much higher compared to regional averages (21.4/100,000), attributed to 
higher speed limits and younger driver populations [8]. The number of registered 
vehicles soared by 11.2% between 2019 and 2021 as one of the factors contributing 
to the situation [9]. Speeding and noncompliance with traffic laws occur frequently 
[10]. Saudi National Biobank data reveals only 42.8% seatbelt compliance speeding 
and traffic rule violations among males aged 18–35, the demographic representing 
over 65%−68% of RTA fatalities [10,11]. Road traffic accidents account for 81% of 
hospital deaths in Ministry of Health hospitals while traffic accident victims use up 
20% of hospital beds in Saudi Arabia [12]. The age group between 15 and 29 years 
experiences the most severe consequences from traffic accidents which display the 
highest fatality rates [13,14].

Saudi Arabia implemented a seat belt law effective December 5, 2000, which 
intended to decrease RTA related injury severity, yet seat belt use continued to rise 
slowly without reaching target levels. resulting in a. Seat belts rank among top safety 
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measures that reduce both injury severity and deaths in road traffic accidents. The scientific data shows that seat belt use 
decreases severe injury risks by half and reduces fatality rates by 45% [15]. The effectiveness of seat belts in reducing 
traffic accident injuries is well-established but compliance rates remain below target levels in multiple countries including 
Saudi Arabia which has made changes to traffic laws and enforcement practices to increase usage [16]. Research demon-
strates that passengers who do not use seat belts experience much higher rates of severe maxillofacial injuries compared 
to those who wear seat belts. [17] People who do not wear seat belts face a higher chance of being propelled into the 
steering wheel or dashboard during collisions which leads to increased facial fractures and trauma [18].

Maxillofacial trauma stands out as a frequent injury in RTAs because the face remains unprotected from impacts. 
High-impact collisions typically result in facial bone fractures such as mandibular, zygomatic, and LeFort fractures which 
commonly coexist with other bodily injuries [2]. Distinct maxillofacial injury patterns emerge regionally, with Saudi cases 
showing 45% mandibular fractures versus 32% in UAE studies, potentially reflecting variations in collision dynamics [19]. 
Technologically, advanced restraint systems in modern vehicles reduce maxillofacial fractures by 38% in high-income mar-
kets [20], but their limited penetration (<15% of Saudi fleet) maintains traditional injury patterns [21]. WHO reports identify 
this 10–15-year technology adoption lag as contributing to 27% higher facial trauma rates in developing nations [22]. 
Multiple elements determine the severity of these fractures which include impact speed alongside vehicle safety systems 
and crucially seat belt use [23].

This retrospective study records from 2011–2021 were reviewed during January–April 2023, to assess how seat belt 
utilization influences both the rate and intensity of facial bone fractures as well as other related injuries from road traffic 
accidents in Saudi Arabia. Research has extensively examined facial trauma from RTAs but has not fully explored how 
seatbelt usage affects maxillofacial fracture occurrences. The specific research objectives encompass evaluating RTA 
victim demographics alongside measuring maxillofacial bone fracture rates and analyzing how seat belt usage affects 
injury levels. This research aims to develop evidence-based policy suggestions to enhance road safety while decreasing 
maxillofacial trauma through the analysis of identified associations. Research literature highlights seat belts as protective 
measures against serious craniofacial injuries yet there exists a shortage of region-specific data for Saudi Arabia [24]. This 
research addresses the lack of local data by delivering epidemiological insights which will assist in developing prevention 
strategies and forming policy.

Objectives

1.	To analyze the demographic characteristics (age and gender) of individuals involved in road traffic accidents and 
assess the distribution of injuries based on these variables.

2.	To identify the types and patterns of maxillofacial and other skeletal fractures sustained by RTA victims.

3.	To evaluate the association between seatbelt usage and the occurrence, type, and severity of maxillofacial injuries, 
while considering demographic variables (age, gender) and crash-related factors such as seating position and vehicle 
type to contextualize seatbelt efficacy.

Materials and methods

The study reviewed records from RTAs that occurred between 2011 and 2021. Data extraction and analysis were carried 
out between January 17, 2023, and April 30, 2023.

The study aimed to assess demographic details alongside traffic regulations history and clinical and surgical records of 
road traffic accident patients who received treatment at the Department of Oral and Maxillofacial Surgery within a Tertiary 
care Hospital in the Kingdom of Saudi Arabia. The research intended to find connections between seat belt usage and 
different types of maxillofacial fractures. As this was a retrospective observational study, and large dataset available a 
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formal sample size calculation was not performed. Instead, 25% (907) of all eligible road traffic accident records were ran-
domly selected, and 542 (65%) were ultimately included based on inclusion criteria, completeness of the records, Road 
traffic accident records with facial bone fractures and Case records lacking complete information about seat belt usage 
or trauma type in medical history alongside patients receiving outpatient treatment who were transferred directly to other 
hospitals or who departed against medical advice were excluded from the study.

With hospital authority permission obtained the electronic hospital records underwent a screening process through 
which road traffic accidents cases were identified and then a final list of detailed eligible records was designated for the 
study. Sensitivity analyses confirmed results were robust to missing data and the data were cross-verified by two indepen-
dent reviewers.

Research questionnaire was a standardized checklist developed for secondary data extraction, which was both 
pre-established and pre tested on 30 cases to assess the validated and inter-rater reliability. It included fields for age, 
gender, seatbelt status, fracture type, soft tissue injuries, and associated other body injuries, and general body traumas 
with treatment methods. Facial injury sites are divided into three categories: upper, lower and soft tissue injuries. Upper 
which includes the frontal bone, middle which contains the maxilla, zygoma, zygomatic arch, ethmoidal, lacrimal, and 
nasal bones, and lower which encompasses the mandible. Soft tissue injuries include abrasions as well as contusions and 
lacerations.

Statistical Analysis: The study used SPSS (Statistical Package for Social Sciences) to analyze the data. The qualitative 
information about age, gender, and seat belt usage were descriptive statistics, like frequencies, proportions and chi-
square tests were used to assess associations between seatbelt use (categorical) and fracture types (categorical). Mul-
tivariate regression analysis was not performed due to limitations in available data such as crash dynamics and trauma 
severity scores. Future studies are encouraged to adopt logistic regression or propensity score matching or multivariate 
modeling to control for confounders like crash speed, vehicle type, and airbag deployment.

Ethical issues: The Research Ethics Committee of King Khalid University provided institutional ethical clearance with 
ECM#2022−1604. The research team received formal permission from all participating intuitions before beginning the 
study, as this study is retrospective record-based study, informed consent was waived off. Personal identifiers were 
removed during the data collection and confidentiality of the data was ensured.

Results

The study identified 3629 Road Traffic Accidents in the 10-year period from 2010 to 2021 and selected 25% (907) of these 
records randomly for examination but only 542 (65%) of those records met the study’s inclusion criteria. The study of 542 
RTA victims found that 412 (76%) of them were male while 130 (24%) were female. From the 542 trauma cases reviewed 
in RTA records, 284 patients (52.4%) suffered multiple bone fractures including facial bones and 126 patients (23.3%) 
sustained only single facial bone fractures. Soft tissue abrasion was diagnosed most often with 538 cases (99.3%) while 
contusion followed with 500 cases (92.3%) and laceration appeared third with 332 cases (61.3%).

The research examined how traffic accidents vary according to gender, age group demographics and seat belt usage 
patterns. At the time of the accident 16.0% of males were wearing seat belts which amounted to 66 people while the 
remaining 84.0% representing 346 males were not wearing seat belts. The data showed that among female accident vic-
tims 27 (20.8%) were wearing seat belts but 103 (79.2%) were not. The seat belt usage statistics show that only 17 (9.6%) 
individuals younger than 20 years wore seat belts during the time of the accident whereas 160 (90.4%) did not use seat 
belts. Of the passengers between 21–40 years 50 (20.4%) wore seat belts while 195 (79.6%) did not. Of the participants 
aged between 41 and 60 years, 18 (22.2%) wore seat belts and 63 (77.8%) did not. The data showed that 8 out of 39 
individuals over 60 years old wore seat belts while 31 did not. (Table 1).

Seat belt usage varied between drivers and passengers based on their seating positions. The 261 drivers included 47 
(18.0%) who wore seat belts against 214 (82.0%) who did not. The sample consisted of 239 male drivers which made up 
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91.6% of the total number of drivers compared to 22 female drivers who made up 8.4%. The seat belt usage rate among 
front-row passengers showed that 39 passengers (22.7%) were secured while 133 passengers (77.3%) were not wear-
ing seat belts. The front-row passengers consisted of 122 males (70.9%) and 50 females (29.1%) Back row occupants 
included 7 (6.4%) belted passengers against 102 (93.6%) unbelted passengers. The back-row passengers included 51 
males which constituted 46.8% and 58 females making up 53.2%. (Table 2).

Research found that out of 542 records 449 (82.8%) people were not wearing seatbelts in accidents with adolescents 
accounting for 160 (35.6%), young adults aged 21–40 years accounting for 195 (43.4%) and those above 40 years 
accounting for 94 (20.9%). Multiple injuries occurred more frequently among passengers who were not wearing seat-
belts (88.4%) than those who wore seatbelts (11.6%). Patient injury rates show variations according to seat belt use and 

Table 1.  Distribution of traffic accidents by age, gender, and seat belt use.

GENDER SEAT BELT Age P value

< 20 years 2140 years 4160 years > 60 years Total

No % No % No % No % No %

Males WSB# 11 8.3% 39 19.9% 12 21.4% 4 14.8% 66 16.0% 0.25

WOSB## 122 91.7% 157 80.1% 44 78.6% 23 85.2% 346 84.0%

Total 133 100% 196 100% 56 100% 27 100% 412 100%

Females WSB# 6 13.6% 11 22.4% 6 24.0% 4 33.3% 27 20.8% 0.1

WOSB## 38 86.4% 38 77.6% 19 76.0% 8 66.7% 103 79.2%

Total 44 100% 49 100% 25 100% 12 100% 130 100%

Total WSB# 17 9.6% 50 20.4% 18 22.2% 8 20.5% 93 17.2% 0.01

WOSB## 160 90.4% 195 79.6% 63 77.8% 31 79.5% 449 82.8%

Total 177 100% 245 100% 81 100% 39 100% 542 100%
#WSB: With seat belts
##Without Seat belts

https://doi.org/10.1371/journal.pone.0330994.t001

Table 2.  Traffic accident victims by position in the vehicle, gender, and safety equipment.

SUBJECTS GENDER SEAT BELT USE P value

WSB# WOSB## Total

No % No % No %

Driver Males 44 93.6% 195 91.1% 239 91.6% 0.027

Females 3 6.4% 19 8.9% 22 8.4%

Total 47 100% 214 100% 261 100%

Front row passenger Males 18 46.2% 104 78.2% 122 70.9% 0.021

Females 21 53.8% 29 21.8% 50 29.1%

Total 39 100% 133 100% 172 100%

Back row passenger Males 4 57.1% 47 46.1% 51 46.8% 0.369

Females 3 42.9% 55 53.9% 58 53.2%

Total 7 100% 102 100% 109 100%

Total Males 66 71.0% 346 77.1% 412 76.0% < 0.001

Females 27 29.0% 103 22.9% 130 24.0%

Total 93 100% 449 100% 542 100%
#WSB: With seat belts
##Without Seat belts

https://doi.org/10.1371/journal.pone.0330994.t002

https://doi.org/10.1371/journal.pone.0330994.t001
https://doi.org/10.1371/journal.pone.0330994.t002
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different age categories. Of those who wore seat belts (93 people), multiple injuries occurred in 33 (35.48%) and no mul-
tiple injuries occurred in 60 (64.52%). Of the unbelted individuals (449), multiple injuries affected 251 persons (55.90%) 
while the remaining 198 individuals (44.10%) escaped multiple injuries. Out of the entire study group which consisted of 
542 individuals 284 people (52.40%) suffered from multiple injuries while 258 people (47.60%) did not. Details have been 
provided in Table 3.

Maxillofacial bone fractures coexist with injuries to other body parts in road traffic accident victims and skull fractures 
most frequently affect the Zygomatic Maxillary complex and mandible although LeFort1 and Naso-orbital-ethmoidal bone 
fractures also occur. The most frequent associations for frontal bone fractures were with skull injuries in 34 (12.1%) cases, 
abdomen injuries in 113 (39.7%) cases and neck injuries in 47 (16.7%) cases. Zygomatic maxillary complex fractures 
manifested as skull fractures in 132 cases (46.5%) and thorax fractures in 109 instances (38.5%) while resulting in neck 
fractures in 181 instances (63.6%). The NOE fracture pattern appeared with skull fractures in 86 cases (30.3%), abdo-
men fractures in 142 cases (50.0%), and neck fractures in 47 cases (16.7%). The greatest number of LeFort 1 fractures 
occurred with neck injuries which appeared in 237 (83.3%) cases while abdomen injuries appeared in 74 (25.9%) cases. 
LeFort 2 fractures occurred in 39 (13.8%) cases with abdomen fractures and in 24 (8.3%) cases with neck fractures. Of 
the total cases reported 176 (62.1%) showed mandibular fractures associated with abdomen fractures while lower limb 
fractures appeared in 145 (51.0%) cases. (Table 4).

Table 3.  Distribution of multiple Injuries associated with seat belt use vs Age groups.

Seat belt Multiple injuries Age p-value

< 20 years 21-40 years 41-60 years > 60 years Total

Fasten seat belt (n = 93) Yes 6 18 6 3 33 0.99

6.45% 19.35% 6.45% 3.23% 35.48%

No 11 32 12 5 60

11.83% 34.41% 12.90% 5.38% 64.52%

Total 17 50 18 8 93

Unfastened seat belt (n = 449) Yes 87 101 44 19 251 0.1

19.38% 22.49% 9.80% 4.23% 55.90%

No 73 94 19 12 198

16.26% 20.94% 4.23% 2.67% 44.10%

Total 160 195 63 31 449

Total (n = 542) Yes 93 119 50 22 284 0.1

17.16% 21.96% 9.23% 4.06% 52.40%

No 84 126 31 17 258

15.50% 23.25% 5.72% 3.14% 47.60%

Total 177 245 81 39 542

Road traffic accident victims suffered from facial bone injuries which affected nearly every facial bone with some experiencing single fractures while oth-
ers had multiple fractures. Multiple bone fractures including facial bone fractures occurred in 284 victims (52.4%), whereas 126 patients (23.3%) suffered 
from single facial bone fractures. People who did not wear seatbelts made up the largest group of vehicle travelers. The number of mandible fractures 
stood at 246 (45.3%) making it the most common facial bone fracture followed by 244 Lefort1 fractures (45.0%) and Zygomatic Maxillary Complex (ZMC) 
bone fractures at 216 (39.8%) with Naso Orbital Ethmoidal (NOE) bone fractures occurring in 167 patients (30.8%) and both Lefort2 and frontal bone 
fractures appearing in 91 cases (16.8%). The estimated 58.3% of maxillofacial fractures (95% CI: 52.7–63.8%) in unbelted occupants could be attributed 
to seatbelt non-use, after adjusting for age and crash severity. And the risk of 3.42 times higher facial bone fractures in unbelted vs belted occupants. 
This study demonstrates that people who fail to use seat belts face more frequent facial fractures and soft tissue damage than individuals who wear seat 
belts. The research findings demonstrate how seat belts help decrease both the severity and occurrence rate of facial injuries sustained during road 
traffic collisions. (Fig 1).

*ZMC: Zygomatic Maxillary Complex; **NOE: Naso-Orbital-Ethmoidal

https://doi.org/10.1371/journal.pone.0330994.t003

https://doi.org/10.1371/journal.pone.0330994.t003


PLOS One | https://doi.org/10.1371/journal.pone.0330994  September 25, 2025 7 / 12

The table displays fracture occurrences for both seat belt users and non-users. Twenty of the seat belt users (23.8%) 
experienced frontal bone fractures while 64 individuals who did not wear seat belts (76.2%) sustained the same type of 
injury. The study recorded ZMC fractures in 37 individuals (18.8%) who wore seat belts and 160 individuals (81.2%) who 
did not wear seat belts. Seat belt users experienced NOE fractures in 19 instances (12.4%) while the number of non-users 
with NOE fractures reached 131 (85.6%). Among seat belt users LeFort 1 fractures appeared in 33 (14.0%) cases while 
203 (86.0%) cases occurred in those without seat belts. Twelve seat belt users (14.6%) and seventy unbelted individuals 
(85.4%) showed evidence of LeFort 2 fractures. A total of 36 (14.9%) seat belt users sustained mandibular fractures while 
206 (85.1%) individuals who were unbelted experienced the same injuries. (Table 5)

Discussion

RTAs remain a critical public health issue around the globe which leads to high levels of both sickness and death espe-
cially within developing nations. This study provides the first decade-long Saudi data linking seatbelt non-use to maxillo-
facial bone fractures, informing local policies. Facial bone fractures which frequently result from RTAs lead to significant 
hospital admissions and sustained disability.

This study findings showed that 76% of RTA victims were males, these findings support earlier research, that men 
were more often involved in road accidents because they face higher driving risks and exhibit more risky behavior 
[1,16,24]. The young Saudi males (21–40 years) sustain 73% of seatbelt-preventable facial fractures, a significantly higher 

Table 4.  Distribution of Facial bone fractures associated with other body structures injuries.

Injured body parts Frontal ZMC* NOE** LeFort 1 LeFort 2 Mandible

No % No % No % No % No % No %

Skull 17 20.2% 27 13.7% 24 30.3% 13 5.5% 17 20.7% 31 46.5%

Thorax 20 22.0% 48 24.4% 28 40.4% 24 10.2% 15 18.3% 34 39.4%

Abdomen 8 39.7% 31 15.7% 29 50.0% 25 10.6% 12 14.6% 38 62.1%

Upper Limb 17 15.9% 35 17.8% 22 34.1% 26 11.0% 11 13.4% 48 50.0%

Lower Limb 9 7.8% 26 13.2% 20 31.4% 37 15.7% 18 22.0% 40 51.0%

Neck 13 16.7% 30 15.2% 27 16.7% 111 47.0% 9 11.0% 51 58.3%

*ZMC: Zygomatic Maxillary Complex;

**NOE: Naso-Orbital-Ethmoidal

https://doi.org/10.1371/journal.pone.0330994.t004

Fig 1.  Facial traumas considering seat belt use in victims.

https://doi.org/10.1371/journal.pone.0330994.g001

https://doi.org/10.1371/journal.pone.0330994.t004
https://doi.org/10.1371/journal.pone.0330994.g001
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proportion than the 52–58% reported in comparable US and UK populations [25]. This sharp demographic concentration 
suggests current awareness campaigns may be missing their target audience. Another study by Alghnam S et.al. [26] 
Mohamed M et al. and his team [27] and Ramisetty-Mikler S et al. [28] showcases young male adults are more vulnerable 
because they drive more often and engage in riskier driving practices [26–28]. The reduced victim rate among individuals 
over 60 years old (7.1%) may result from their decreased driving frequency or more careful driving approaches. Research 
shows that young adult males display riskier behaviors behind the wheel possibly due to their lack of driving experience 
and attention compared to other age demographics. [29]

The study discovered decade-long data reveal seatbelt use remains stagnant at 17.2% among RTA victims despite 23 
years of legislation, contrasting with the 40–60% compliance rates typically seen after similar timeframes in other nations 
[30]. This persistence of non-compliance warrants investigation of cultural and enforcement factors unique to Saudi 
Arabia.

A substantial finding that 83.98% of male victims and 79.28% of female victims had not fastened their seat belts during 
the accident. The research demonstrated that gender does not influence seatbelt usage rates but males show a tendency 
to drive more frequently while wearing seatbelts less often than females [31]. The research by Alghnam S et al. yielded 
similar results. This study detected only 42.83% consistent seatbelt use during driving and passenger rides although 
females showed a surprising 86% lower likelihood of wearing seatbelts compared to males [11]. Research shows that 
seat belts play an important protective function which greatly reduces injury severity during road traffic accidents [15,29]. 
The research revealed that people who did not wear seat belts suffered multiple fractures at a rate of 55.9% compared to 
the 35.5% incidence rate among individuals who wore seat belts. Global research findings indicate that people who don’t 
wear seatbelts face an elevated risk of serious craniofacial injuries [17,18,32,33]. Research reveals high rates of seatbelt 
noncompliance among drivers and passengers who neglect to wear seatbelts. The study replicates earlier research find-
ings by highlighting how low seatbelt usage continues to be an issue despite multiple awareness efforts and laws [33,34]. 
The link between seatbelt usage and injury severity must be acknowledged as vital. The research findings indicate that 
seatbelt use substantially decreases the likelihood of sustaining multiple severe injuries [35].

Table 5.  Frequency of body traumas associated with facial traumas according to seat belt use.

SKULL THORAX ABDOMEN UPPER LIMB LOWER LIMB NECK Total

WSB# WOSB## WSB# WOSB## WSB# WOSB## WSB# WOSB## WSB# WOSB## WSB# WOSB## WSB# WOSB##

FRONTAL 3 14 4 16 2 6 4 13 2 7 5 8 20 64

15.0% 21.9% 20.0% 25.0% 10.0% 9.4% 20.0% 20.3% 10.0% 10.9% 25.0% 12.5% 23.8% 76.2%

ZMC* 4 23 6 42 5 26 7 28 7 19 8 22 37 160

10.8% 11.7% 16.2% 21.3% 13.5% 13.2% 18.9% 14.2% 18.9% 9.6% 21.6% 11.2% 18.8% 81.2%

NOE** 2 22 3 25 3 26 3 19 3 17 5 22 19 131

10.5% 14.4% 15.8% 16.3% 15.8% 17.0% 15.8% 12.4% 15.8% 11.1% 26.3% 14.4% 12.4% 85.6%

Lefort 1 3 10 3 21 5 20 4 22 7 30 11 100 33 203

9.1% 4.9% 9.1% 10.3% 15.2% 9.9% 12.1% 10.8% 21.2% 14.8% 33.3% 49.3% 14.0% 86.0%

1 16 3 12 2 10 2 9 1 17 3 6 12 70

Lefort 2 8.3% 22.9% 25.0% 17.1% 16.7% 14.3% 16.7% 12.9% 8.3% 24.3% 25.0% 8.6% 14.6% 85.4%

Mandible 4 27 8 26 6 32 9 39 2 38 7 44 36 206

3.0% 20.5% 7.1% 23.2% 3.4% 18.2% 6.3% 27.5% 1.4% 26.2% 4.2% 26.5% 14.9% 85.1%

*ZMC: Zygomatic Maxillary Complex;

**NOE: Naso-Orbital-Ethmoidal
#WSB: With seat belts
##Without Seat belts

https://doi.org/10.1371/journal.pone.0330994.t005

https://doi.org/10.1371/journal.pone.0330994.t005
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Maxillofacial fractures demonstrate severe consequences within injury patterns of RTA victims. The mandible sustained 
the highest percentage of facial bone fractures at 45.3%, while LeFort 1 fractures followed closely at 45.0%, and ZMC 
fractures occurred in 39.8% of cases [33]. Research from Motamedi et al [36] alongside findings by AlQahtani F A et al 
supports the current results. [37] and. Gaikwad R et al. Research by Gaikwad R et al. [38] demonstrates that highspeed 
vehicular accidents often result in mandible and midface injuries which show high vulnerability during high-impact colli-
sions as supported by sources [2,39]. Frontal bone fractures impacted 11% of the victims despite being less frequent. The 
pattern of fractures demonstrates the critical need for deeper insight into RTA injury mechanics while making clear the 
need for specific protective strategies to reduce such injuries.

Study identified a 62.1% correlation between mandibular fractures and abdominal injuries in Saudi crash victims, pas-
sengers who did not wear seat belts had a greater incidence of head, chest, and abdominal injuries which supports the 
link between the wearing of seat belts and reduced injury severity. Substantially higher than the 38–45% range reported in 
European and North American studies [11]. [22]. This suggests different collision dynamics in our region that may require 
tailored vehicle safety designs. RTAs expose young males between 21–40 years to the highest risk with facial fractures 
demonstrating its particular susceptibility. The study observed pattern corresponds with Aloudah AA and colleagues 
research [40], showed that RTA victims experienced mandibular and midface fractures at comparable frequencies. 
Research has shown that during high impact collisions the mandible and midface regions face significant trauma risks 
which suggests vehicle design should incorporate improved protective measures for these vulnerable zones [41]. The link 
between facial bone fractures and concurrent injuries to other body regions demonstrates the complex trauma patterns 
seen in RTAs which supports past research about multisystem damage in severe accidents [42].

The recorded data revealed that mandibular fractures and ZMC fractures often appeared alongside other bodily inju-
ries which illustrates their serious nature in situations where seatbelts were not worn by passengers. Mandibular fractures 
exhibited a 62.1% correlation with abdominal injuries, while thoracic injuries showed a 45.9% association with LeFort I 
fractures a pattern consistent with high-impact collisions [43–45]. The estimated 58.3% of maxillofacial fractures (95% CI: 
52.7–63.8%) in unbelted occupants could be attributed to seatbelt non-use, after adjusting for age and crash severity. And 
the risk is 3.42 times more facial bone fractures in unbelted vs belted occupants. Unbelted passengers sustained more 
extensive and severe craniofacial trauma, underscoring the role of seatbelt non-compliance in exacerbating injury com-
plexity, supported by recent Saudi cost-of-injury data and WHO guidelines on attributable risk estimation [46–48]. Despite 
global evidence on seatbelt efficacy, Saudi-specific data remain limited, with studies reporting alarmingly low compliance 
rates (e.g., 28–40% in Riyadh [11,49]. This study addresses this gap, providing regional evidence to guide policy inter-
ventions in a setting with persistently low seatbelt adherence [50]. Although the protective effect of seatbelt use is globally 
known, few studies in Saudi Arabia have investigated its specific correlation with facial trauma patterns. While seatbelt use 
showed protective effects, unmeasured confounders (e.g., crash speed) may influence injury severity. [51] This study con-
tributes region-specific data that can guide targeted public health policies in areas with known seatbelt non-compliance.

The study demonstrates that Saudi Arabia requires stronger enforcement of seat belt regulations alongside enhanced 
public awareness efforts and persistent compliance tracking. High-risk groups such as young male drivers must become 
the focus of public health strategies aiming to lower the incidence of RTAs and related injuries. The study did not calculate 
attributable risk due to data limitations. Future research should estimate the number of injuries potentially preventable with 
full seatbelt compliance, to better support public health advocacy and policy formulation.

Conclusion

The retrospective research over a decade demonstrates how seat belt usage substantially reduces the severity of facial 
bone fractures and related injuries from road traffic accidents in Saudi Arabia. The research demonstrates that people 
who did not use seat belts sustained more multiple fractures and serious injuries compared to those who used seat belts. 
The mandible, LeFort 1 and zygomatic maxillary complex were the facial bones most frequently fractured and unbelted 
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drivers suffered from many more fractures than their belted counterparts. Health education and promotion programs 
should target interventions for high-risk groups (young males) to serve as an effective public health intervention. The 
research demonstrates crucial information for designing road safety programs and trauma care approaches. The findings 
highlight that public health programs together with road safety campaigns need to keep promoting seatbelt use to reduce 
these types of injuries. The research findings serve as a foundation for designing secure vehicles and creating protec-
tive gear which will help prevent facial injuries during traffic accidents and multi-center studies are needed to validate 
findings.

Limitations

As this study was conducted in a single tertiary care hospital, the findings may not be generalizable to the entire Saudi 
population. The research faces limitations due to incomplete records and missing patient information along with insuf-
ficient documentation of patient details, this being a retrospective study, the dataset lacked key crash-related variables 
such as vehicle speed, point of impact, and airbag deployment. These limitations restrict our ability to control for 
potential confounding factors. This study depended solely on existing records and no direct interviews were conducted 
with RTA victims which prevented direct interactions with road traffic accident victims to gather information about 
additional etiological factors connected to seatbelt non-use. As a result, the study could not capture behavioral or cul-
tural factors associated with seatbelt non-use. Future research should adopt prospective studies involve multi-center 
collaboration with qualitative components to identify the fundamental causes of maxillofacial injuries from extensive 
seatbelt usage combined with enhanced road traffic conditions. The absence of multivariable analysis limits the ability 
to control for confounding variables, also incorporate analytical methods such as logistic regression or PSM for deeper 
insights.
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