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Cost of healthcare rehabilitation 
services following road traffic injuries: 
Results from a Level‑I trauma center in 
Saudi Arabia
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Abstract:
BACKGROUND: Road traffic injuries (RTIs) are the second leading cause of mortality in Saudi Arabia. 
The high rate of RTIs puts a strain on rehabilitation services. Yet, little is known of the economic 
burden of nonfatal RTIs and rehabilitation services. This study, therefore, aims to describe the annual 
rehabilitation costs associated with RTIs at a local trauma center.
MATERIALS AND METHODS: This study was conducted among all the 17 years or older patients 
hospitalized at King Abdulaziz Medical City in Riyadh following RTIs and required rehabilitation care. 
We included 299 patients who met the inclusion criteria and were followed for one year after discharge 
from the index hospital. The data was abstracted through retrospective review of patients' medical 
records. All rehabilitative services utilized by the healthcare system were recorded. To describe 
the economic burden, the mean, median, standard deviation, and interquartile range (IQR) were 
calculated. Total costs were aggregated for all patients to estimate overall costs.
RESULTS: The study population was relatively young (31 years ± 14.4). The total annual rehabilitation 
cost of patients was Saudi Riyals (SAR) 6,113,781 (IQR: 20,589.3 − 3,125 = 17,464.3), and the 
average for each patient was SAR 20,447 (median = 7875). Patients aged 40–59 years and ≥60 years 
accounted for the highest average rehabilitation cost of SAR 31,563.99 and 32,639.21, respectively. 
Rehabilitation visits incurred the highest cost (mean SAR 1,494,124), followed by bed utilization which 
cost SAR 1,311,972 and radiology examination at SAR 1,032,261. The cost of motorcycle injuries 
was relatively higher (SAR 44,441.0) than other injury mechanisms.
CONCLUSION: This study underlines the economic burden of rehabilitation services resulting 
from RTIs. Public health interventions are needed to reduce the burden of RTIs by dealing with 
their preventable causes and improving road safety measures. These findings may be useful to 
policymakers and researchers to support and improve rehabilitation services in Saudi Arabia.
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Introduction

Road traffic injuries (RTIs) are one of the 
leading causes of injury and mortality 

globally.[1] This threat to global health 
accounts for more than 1.3 million deaths 

annually and up to 50 million injuries. 
The burden represents more than five 
times the death caused by the 2004 Indian 
Ocean tsunami, one of the deadliest natural 
disasters ever known.[2] Moreover, RTIs are 
a significant cause of disability, the ninth 
leading cause for adjusted life years.[3] The 
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burden of RTIs is even more significant in the Eastern 
Mediterranean Region, of which Saudi Arabia is a part.[4] 
As alarming as these road traffic injury (RTI) rates are 
in the region, experts project that the prevalence of RTI 
would rise to the second highest cause of disability in 
the developing world and worldwide.[5]

In Saudi Arabia, RTIs are the second leading cause of 
mortality, representing 12% of overall deaths.[6] In 2016, 
the country was rated one of the countries with the 
highest RTIs death rates globally, with an estimated 
28 deaths/100,000 population. Fatality rates in 
developed countries such as the United States (US), 
United Kingdom (UK), and Australia are lower than 
2%, while it is 4.7% in Saudi Arabia.[3,7] Late in 2016, 
Saudi Arabia initiated Vision 2030, an ambitious initiative 
which introduced significant changes in governmental 
and health sectors.[8] One of the priorities of the Saudi 
Vision 2030 was to reduce RTIs to improve population 
health. Therefore, initiatives adopted to achieve that 
goal included the implementation of strict traffic safety 
interventions such as the use of monitoring cameras 
to (1) reduce over‑speeding, (2) reduce the use of mobile 
phones while driving, and (3) improve compliance with 
the use of seatbelts. As a result, the latest estimates put 
the traffic‑related mortality rate at 13/100,000, more than 
half of what it used to be 4 years previously.[9]

Similar to what had been observed in developed 
countries, a reduction in trauma mortality may lead 
to an increased burden of nonfatal injuries.[10] This is 
because severely injured patients, who survive death, 
may sustain temporary or permanent disabilities. 
Consequently, they may require intensive follow‑ups 
to regain prior levels of health or cope with existing 
disabilities. This burden is exacerbated if the treated 
individuals are young, as in the case of Saudi Arabia. In 
fact, 40% of all reported disabilities resulting from RTIs 
in 2016 were of those aged between 10 and 24 years.[11] 
Therefore, this high prevalence of RTIs in the young 
population can significantly impact population health 
and prosperity.[12]

The high rate of RTIs in Saudi Arabia is likely to be 
associated with high demand for rehabilitation services. 
More than 1.5 million individuals seek medical care after 
injuries every year.[13] Furthermore, Al‑Zamanan et al., 
reported that RTIs are the primary cause of disability in 
young adults.[14] Permanent disabilities over the past two 
decades are estimated at around 7% of overall injuries 
resulting from RTIs in Saudi Arabia.[15] As a result, 
patients who have disabilities as a result of injuries 
sustained in severe RTIs create considerable demand for 
health and rehabilitation services.[16] Victims are likely 
to need rehabilitation services that are not limited to 
physical therapy and occupational therapy[17] but which 

also involve professionals from multiple disciplines, 
including orthopedics, neurosurgery, general surgery, 
prosthetics/orthotics, psychology, and speech therapy.[18]

RTIs have adverse health and economic consequences. 
These explored extensively in developed countries, 
have helped to further plans for primary and secondary 
prevention.[19,20] However, the actual economic cost 
is difficult to estimate because it involves various 
components such as property damage, medical treatment, 
rehabilitation services, and the loss of productivity owing 
to disability or absenteeism.[21] Little is known about 
specific components of the overall economic burden. 
One recent study estimated the annual cost of RTIs of 
hospitalized patients as 77,657 Saudi Riyals (SAR) on 
average. However, the study focused only on the initial 
medical encounter without rehabilitation costs after the 
initial hospitalization.[22]

Estimates from other countries of annual rehabilitation 
costs of RTI patients can inform efforts to reduce their 
economic burden. An extensive report published by the 
US National Highway Traffic Safety Administration 
estimated that in the year 2000, around $128 million (480 
million SAR) was spent on inpatient rehabilitation 
for RTIs.[23] Although the economic costs attributed to 
RTIs put the total costs between four to eight billion 
SAR, an estimated cost of rehabilitation services for 
RTI patients in Saudi Arabia has not yet been made.[24] 
Understanding the cost of rehabilitation services will 
facilitate quantifying the burden of nonfatal RTIs, which 
will then inform public health initiatives and traffic 
safety interventions under Vision 2030.[25] Therefore, this 
study’s aim was to estimate the annual rehabilitation 
services costs associated with RTIs in Saudi Arabia.

Materials and Methods

This was a retrospective chart review study conducted 
at King Abdulaziz Medical City (KAMC) in Riyadh, 
Saudi Arabia. KAMC has a capacity of over 1501 beds 
and another 132 beds in the emergency department. 
The hospital is one of the country’s most advanced and 
specialized trauma centers, which serves mainly the 
eastern part of Riyadh’s metropolitan area. KAMC’s 
capacity and standards make it comparable to a Level‑I 
trauma center in the US.[26]

The study utilized the hospital’s trauma registry to 
identify the study population. This registry records 
traumatic injuries admitted to the hospital for at least 
24 h and those who died before reaching the hospital. The 
study included patients aged 17 years and older who were 
admitted following RTIs requiring any rehabilitation 
care. We defined rehabilitation services as those related 
to any medical care that aims to regain health status 
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prior to the injury (secondary prevention). These services 
include, but not limited to physiatrist consultation, acute 
inpatient and outpatient physiotherapy and occupational 
therapy. Patients who had RTIs between 2017 and 
2018 were included. Upon reviewing the registry data, 
299 patients met the inclusion criteria and were covered 
in the analysis. We retrospectively followed each patient 
from discharge from the index hospitalization for 1 year, 
documenting subsequent healthcare utilization of 
rehabilitative services.

Trained research coordinators recorded data regarding 
demographics, injury details, length of stay, medical 
investigations and interventions (laboratory tests, 
radiology exams, medications, healthcare providers’ 
visits, physiotherapy, occupational therapy, physiatrist 
consultation, prosthetics and orthotics, restorative 
surgeries for rehabilitation), and health outcomes for 
all those who met the inclusion criteria. In addition, the 
recorded data included measures for injury severity 
such as Glasgow Coma Scale (GCS) and Injury Severity 
Scale (ISS). GCS is a measurement standard of the level of 
consciousness of injured patients.[27] ISS is an anatomical 
measurement of the severity of the injury characterizing 
the trauma patients with multiple injuries.[28]

Pricing for healthcare expenditure was obtained 
from three sources. First, the cost of radiology 
examinations, laboratory tests, healthcare  providers’ 
visits, rehabilitation services, and restorative surgeries 
for rehabilitation were obtained from the pricing list 
of the KAMC hospital’s business center. Second, the 
cost of medications was calculated from the Saudi 
Food and Drug Authority. Third, the cost of prosthetics 
and orthotics was taken from three local rehabilitation 
hospitals in Saudi Arabia.

The primary outcome variable was total direct 
rehabilitation services’ cost following RTIs for 1 year. 
The total cost was computed as the aggregate of 
multicategories of charge, including healthcare 
providers’ visits, medical exams, rehabilitation visits, 
rehabilitation‑related surgical procedures, medications, 
and any admissions and follow‑up visits related to the 
injury after the first admission. The study focused on 
the mechanism of injury (motor vehicle, motorcycle, and 
pedestrian injuries) as the baseline for financial burden 
in the medical sector.

STATA® version 15 for mac (STATA Cooperation, TX) 
was used in all analyses. For quantitative variables such 
as total cost, age in years, gender, body mass index 
(BMI) categorized as obese or nonobese, GCS, and ISS, 
the mean, median, standard deviation, and interquartile 
range (IQR) were calculated and presented. Total costs 
were estimated for various groups such as age groups, 

severity measure, or cause of injury (occupants or 
driver, motorcycle, or a pedestrian). Total costs in SAR 
were aggregated for all patients to estimate overall 
institutional costs.

All patients’ data were gathered according to ethical 
guidelines and confidentiality of patients’ identifiers was 
maintained throughout the study. Ethical approval was 
obtained from the Institutional Review Board vide Letter 
No. RC20/526/R dated 01/10/2020 with a waiver of 
informed written consent since this was a retrospective 
chart review study.

Results

Table 1 presents the descriptive characteristics of the 
study population by mechanism of injury. One hundred 
ninety‑two patients were injured as occupants or drivers, 
79 were involved in motorcycle injuries, and 28 sustained 
pedestrian injuries. The study population was relatively 
young (30.9 years ± 14.5), and the motor vehicle occupants 
were the youngest age group (29.7 years ± 13.2). BMI was 
within the overweight category (18.5–24.9). Pedestrian 
victims were more overweight (28.6 on average). GCS 
was similar to all mechanisms of injury. However, the 
median of ISS was higher in those who sustained injuries 
as pedestrians (10.5) than in other situations.

Table 2 shows the cost of different rehabilitation 
services. The mean cost of the annual rehabilitation 

Table 1: Distribution of  the patients with  road  traffic 
injuries (RTIs) according to the mechanism of 
injury (n=299)
Variable Mean Median SD
All injury mechanisms (n=299)

Age 30.9 26 14.5
BMI 25.6 25 7.6
GCS 13.0 15 3.8
ISS 12.6 9 10.4

Motorcycle injury (n=79)
Age 31.4 26 15.6
BMI 25.3 24.4 6.2
GCS 13.2 15 3.6
ISS 11.7 8 9.2

Pedestrian injury (n=28)
Age 37.3 31 18.1
BMI 28.6 27.0 8.4
GCS 12.3 15 5.1
ISS 12.9 10.5 10.5

Motor vehicle injury (n=192)
Age 29.7 25 13.2
BMI 25.3 24.9 7.1
GCS 13.1 15 3.7
ISS 12.9 9 10.9

BMI=Body mass index, GCS=Glasgow Coma Scale, ISS=Injury Severity 
Scale, SD=Standard deviation
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services for each patient was SAR 20,447 (± 37,834.7). 
The total cost of patients was SAR 6,113,781 
(IQR: 20,589.3 − 3,125 = 17,464.3). Rehabilitation visits 
constituted the highest cost (mean SAR 1,494,124) 
followed by bed utilization (SAR 1,311,972) and 
radiology exams (SAR 1,032,261). Compared to other 
categories, laboratory cost and bed utilization accounted 
for the highest median cost (SAR 2654 and SAR 5,779.5, 
respectively).

Table 3 represents the average cost of annual  
rehabilitation services by age group, GCS, and ISS in 
different mechanisms of injury. Most injured patients 
aged between 20 and 39 years (n = 223), and those aged 
40–59 years and ≥60 years accounted for the highest 
average annual rehabilitation services cost SAR (31,564 
and 32,639, respectively). In GCS, those who had severe 
GCS had the highest average rehabilitation services 
cost of SAR 37,039. Of the severely injured patients, 
motorcycle injuries were associated with higher 
rehabilitation services costs (SAR 44,441 and 35,239 for 
those aged 16–25 years and >25 years categories) than 
other mechanisms of injury.

Discussion

The aim of this study was to estimate the annual 
rehabilitation services costs associated with RTIs in 
Saudi Arabia. We found that RTIs placed a significant 
economic burden on the provision of healthcare. Of 
particular interest was that patients aged 40 years or 
older, with severe GCS, and/or with ISS >25 accounted 
for the highest average annual rehabilitation services 
costs.

This study demonstrated that the total cost of the 
annual rehabilitation services for the study sample 
was SR 6,113,781 ($ 1.6 million). The high cost of 
rehabilitation services of RTIs patients revealed in 
this study is consistent with the existing literature. 
For example, a previous report published by the US 
Department of Transportation, National Highway 
Traffic Safety Administration, demonstrated that $127.46 
(477.98 million SAR) million was spent on inpatient 

rehabilitation of RTIs patients in 2000.[23] Another study 
conducted in Italy found that the annual rehabilitation 
service costs for nonfatal RTIs are as high as $18 
million (67.5 million SAR).[29]

The results provided by this study are of great value as 
the cost of rehabilitation services of RTI patients in this 
report can inform the efforts to reduce the burden of 
RTIs.[15] According to the Ministry of Health’s national 
survey, 3% of Saudis sustained an RTI in a single year.[30] 
This represents over 400 thousand individuals in a single 
year. Of those, it is likely that at least 20% of this number 
would have required rehabilitation. As a result, the 
aggregated expenditure may reach 1.6 billion SAR in 
annual rehabilitation services. Our estimate was only 
based on following patients for a single year. Therefore, 
it is likely that the total economic burden would be 
staggering as many of these patients will require further 
treatment beyond the 1st year.

According to the Global Burden Disease report in 
2017, transportation injuries have been found to be 
one of the top leading causes of disability in Saudi 
Arabia.[26] Consequently, many patients are likely to 
require long‑term rehabilitation services after discharge 
from hospital. Therefore, effective strategies, including 
population education, law enforcement, and provision 
of optimal hospital and rehabilitation services, are 
necessary for the management of the burden of disability 
and its associated consequences. In addition, ways to 
reduce the length of hospital stay after RTIs and lower the 
care cost by referring patients to outpatient rehabilitation 
clinics should be explored to bring down the cost of 
rehabilitation services.

Our results showed that most of the injured were aged 
20–39 years. This concurs with the existing literature, 
showing that young individuals were more likely to be 
involved in RTIs.[31] However, patients aged 40–59 years 
and ≥60 years accounted for the highest average annual 
rehabilitation services cost of SAR 31,564 and SAR 
32,639.2, respectively. This might be explained by the 
age‑related issues (e.g., chronic diseases) which tend to 
worsen RTIs, and thus delay the recovery time, increase 

Table 2: Annual  cost  for  rehabilitation of patients with  road  traffic  injuries  (RTIs)  (n=299)
Variable Total N Mean±SD Median 25th percentile–75th percentile IQR
Laboratory cost 942,739.4 140 6733.9±11,706.1 2654 1162–5962.2 4800.3
Radiology cost 1,032,261 213 4846.3±15,892.9 1586.25 520–4871.6 4351.6
Health‑care provider cost 916,507 267 3432.6±6702.1 1350 600–3300 2700
Rehabilitation visits 1,494,124 272 5493.1±10,236.1 2235 1110–5260 4150
Prosthetics/orthotics cost 280,192.9 56 5003.5±7489.9 1426.5 436.3–7750 7313.8
Medication cost 135,863.2 171 794.5±4028.3 660 26.8–271.5 244.7
Bed utilization cost 1,311,972 96 13,666.4±27,172.5 5779.5 1922.5–11,382.5 9460.0
Overall cost 6,113,781 299 20,447.4±37,834.8 7875.2 3125–20,589.3 17,464.3
IQR=Interquartile range SD=Standard deviation
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Table 3: Total rehabilitation cost for patients with 
road  traffic  injuries  (RTIs) by mechanism of  injury, 
age,  and severity of  injury  (n=299)
Variable N Total cost (SAR)

Mean Median SD
All injury

Age group, mean (30.85)
<20 27 13,783.6 7638.7 16,983.3
20-39 223 18,939.7 6878.6 38,535.7
40‑59 22 31,564 11,878.3 46,452.3
≥61 22 32,639.2 16,886.6 40,269.7

Gender
Male 264 20,071.1 7859.6 38,869.6
Female 35 23,286.3 9096.1 29,158.1

BMI categories
Obese 65 22,478.2 9325.1 36,250.2
Nonobese 234 19,883.3 7582.9 38,319.6

GCS
Mild 235 16,756.1 6692.9 27,899
Moderate 15 24,075.5 4247.6 48,140.3
Severe 49 37,039.9 13,002 63,755.4

Injury severity score
0‑15 201 15.646.4 6278.8 31,555.9
16‑25 64 29,581.9 12,738.1 50,034.9
>25 34 31,635.8 12,763.5 41,000.6

Motor vehicle injury
Age group, mean (29.68)

<20 19 15,479.3 10,604 18,297.3
20-39 145 18,293.1 7788.4 35,856.5
40‑59 14 34,686.2 9666.7 54,548.3
≥61 11 37,282.9 22,776.4 37,690.6

Gender
Male 168 19,526.5 7952.6 37,101.4
Female 24 27,105.2 18,803.46 31,014.9

BMI categories
Obese 41 27,532.1 10,044.4 43,274.9
Nonobese 151 18,557.4 7788.4 34,225.0

Glasgow coma score
Mild 150 18,075 8189.9 30,389.3
Moderate 11 22,508.0 4120 55,762
Severe 31 31,359.5 10,550 51,617

Injury severity score
0‑15 133 17,826.1 6878.6 37,219.8
16‑25 37 23,586.7 8763.2 31,527
>25 22 31,245.8 19,257.5 38,248.2

Motorcycle injury
Age group, mean (31.41)

<20 6 12,748.5 7786.1 14,654.1
20-39 61 21,924.6 6180 47,602.1
59‑40 5 22,891.5 12,120 29,241.6
≥61 6 35,592.1 12,252.5 58,452.9

Gender
Male 71 22,539.8 7843.1 46,906.6
Female 8 18,677.5 5288.2 27,352.3

BMI categories
Obese 16 12,614.4 7165 12,712
Nonobese 63 24,570.2 7638.7 50,018.1

Table 3: Contd...
Variable N Total cost (SAR)

Mean Median SD
GCS

Mild 63 16,803.7 6048.4 25,564.8
Moderate 3 28,730.3 33,362.8 24,980.6
Severe 13 46,532.7 20,568.8 94,838.5

Injury severity score
0‑15 51 11,353.2 5571.2 13,476.2
16‑25 20 44,441.0 18,684.8 77,279.5
>25 8 35,239.1 9682.3 52,855.5

Pedestrian injury
Age group, mean (37.25)

<20 2 778.85 778.85 29.91
20-39 17 13,744.4 5209.5 21,665.3
59‑40 3 31,447.1 18,635.1 36,740.1
≥61 5 18,879.6 10,508.8 19,550.6

Gender
Male 25 16,718.9 6356.4 22,998.6
Female 3 5025.1 3194.3 3529.2

BMI categories
Obese 8 16,304.9 8,678.1 23,479.8
Nonobese 20 15,130.6 5158.2 22,027.2

Glasgow coma score
Mild 22 7627.8 4429.7 9555.5
Moderate 1 27,353.9 27,353.9 -
Severe 5 47,576.8 49,200 33,614.7

Injury severity score
0‑15 17 11,473.1 5209.5 18,277.3
16‑25 7 18,816.1 9615 17,842.5
>25 4 26,573.9 7807.8 40,773.6

SAR=Saudi Riyals, SD=Standard deviation, BMI=Body mass index, 
GCS=Glasgow Coma Scale

Contd...

hospital stays, and consequently swell the healthcare 
costs.[32] Furthermore, existing studies have demonstrated 
that older adults become physically inactive during 
hospitalization, a situation associated with a significant 
decrease in functional ability.[33,34] Therefore, structured 
strategies for incorporating interventions of physical 
activity into the rehabilitation programs are essential to 
help improve patients’ overall health status and reduce 
overall healthcare costs.[35]

Patients who had severe GCS incurred the highest 
average rehabilitation services costs. Other studies have 
reported similar findings showing that healthcare costs, 
including rehabilitation services for those with GCS 
13–15 (mild brain injury), were less than those who had 
GCS 3–8 (severe brain injury).[36,37] This is understandable 
because patients with severe injuries usually need to stay 
longer in rehabilitation units with higher levels of care.

In terms of ISS, rehabilitation services following 
motorcycle injury cost more (SAR 44,441.0 and 35,239.1 
for those who scored 16–25 and >25, respectively, on 
the scale) compared to other mechanisms of injury 
(i.e., pedestrian and motor vehicle injuries). A previous 
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study utilized a major trauma registry in Riyadh, 
Saudi Arabia, and found that 2.1% of injuries were 
related to motorcycle accidents.[38] The severity of injury 
resulting from motorcycle accidents might be higher than 
other mechanisms of injury because of lower protection 
afforded by motorcycles;[39] and the most injured sites 
of the body from motorcycle accidents in Saudi Arabia 
were the extremities followed by the head.[40] Thus, 
implementing protective strategies for motorcyclists such 
as rider training, speed limit, use of headlights, wearing 
of helmets and special clothing, and taking pre‑specified 
roads are required to reduce RTIs of motorcycle riders 
or drivers.

There were several limitations in our study. First, this 
study focused on direct medical costs for rehabilitation 
services following nonfatal RTIs for 1 year only. As a 
result, the actual economic cost of rehabilitation services 
may have been underestimated, since rehabilitation 
services go beyond mere physiotherapy, occupational 
therapy, or prosthetic and orthotic provision. Second, 
our study did not assess the long‑term rehabilitation 
services costs beyond 1 year for patients with RTIs. 
A previous review concluded that injured persons had an 
increased use of long‑term health services compared with 
the general population.[41] Therefore, it is recommended 
that future studies provide a comprehensive overview 
of the overall rehabilitation services costs over a long 
period. Third, the findings of this study were based on 
data collected from a single hospital in Riyadh; therefore, 
the generalizability of these results is unknown. Fourth, 
since the data were collected retrospectively from 
the hospital’s registry, the burden might have been 
underestimated since patients who dropped out for 
nonadherence or were referred to other institutions 
to get the rehabilitation services may have been left 
out. Therefore, the results should be interpreted with 
caution. Fifth, this study did not collect data on a specific 
breakdown of the costs of rehabilitation services for each 
injured region. However, existing literature shows that 
the rate of healthcare use by patients with spinal cord 
injury was twice that of those without injury.[41] Sixth, 
the cost includes only direct costs and estimates were 
based on the hospital’s business center’s pricing list and 
public hospital system and may not reflect private sector 
costs. Despite the limitations mentioned above, to our 
knowledge, this is the first study to estimate the overall 
rehabilitation services costs of patients with nonfatal 
RTIs in Saudi Arabia.

Conclusion

This study found the cost of rehabilitation services 
associated with nonfatal RTIs high. The findings may 
be useful for policymakers and researchers to reduce the 
burden of rehabilitation services for RTIs in Saudi Arabia. 

Public health interventions are needed to reduce the 
burden of RTIs in terms of prevention and improvement 
of road safety. It will also be useful for policymakers 
to support rehabilitation services and improve access 
to care and insurance coverage for RTI patients in the 
future planning of the national health insurance scheme.
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