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abstract: Objectives: Road traffic injuries (RTIs) are considered a major public health problem worldwide.
In Oman, high numbers of RTIs and RTI-related deaths are frequently registered. This study aimed to evaluate
the distribution of trauma care facilities in Oman with regards to their proximity to RTI-prevalent areas.
Methods: This descriptive pilot study analysed RTI data recorded in the national Royal Oman Police registry from
January to December 2014. The distribution of trauma care facilities was analysed by calculating distances between
areas of peak RTI incidence and the closest trauma centre using Google Earth and Google Maps software (Google
Inc., Googleplex, Mountain View, California, USA). Results: A total of 32 trauma care facilities were identified.
Four facilities (12.5%) were categorised as class V trauma centres. Of the facilities in Muscat, 42.9% were ranked
as class IV or V. There were no class IV or V facilities in Musandam, Al-Wusta or Al-Buraimi. General surgery,
orthopaedic surgery and neurosurgery services were available in 68.8%, 59.3% and 12.5% of the centres, respectively.
Emergency services were available in 75.0% of the facilities. Intensive care units were available in 11 facilities, with
four located in Muscat. The mean distance between a RTI hotspot and the nearest trauma care facility was 34.7
km; however, the mean distance to the nearest class IV or V facility was 83.3 km. Conclusion: The distribution and
quality of trauma care facilities in Oman needs modification. It is recommended that certain centres upgrade their
levels of trauma care in order to reduce RTI-associated morbidity and mortality in Oman.
Keywords: Traffic Accidents; Motor Vehicles; Trauma Centers; Public Health; Emergency Medical Services; Oman.

 يتم ت�سجيل العديد. تعترب الإ�صابات الناجمة عن حوادث الطرق �أحد امل�شاكل ال�صحية الرئي�سية يف جميع �أنحاء العامل: الهدف:امللخ�ص
 هدفت هذه الدرا�سة �إىل تقييم توزيع مرافق الرعاية ال�صحية مل�صابي.من حاالت الإ�صابة و الوفيات الناجمة عن حوادث الطرق يف عمان
 ت�شمل هذه الدرا�سة: الطريقة.حوادث الطرق يف عمان فيما يتعلق بقربها من املناطق التي بها ن�سب عالية من �إ�صابات حوادث الطرق
التجريبية الو�صفية حتليل بيانات �إ�صابات حوادث املرور امل�سجلة يف ال�سجل الوطني ل�رشطة عمان ال�سلطانية يف الفرتة من كانون
 وقد مت حتليل توزيع مرافق الرعاية ال�صحية مل�صابي احلوادث عن طريق ح�ساب.2014 دي�سمرب من العام/يناير �إىل كانون الأول/الثاين
امل�سافات بني مناطق الذروة يف �إ�صابات حوادث الطرق و�أقرب مرفق �صحي لرعاية امل�صابني با�ستخدام برنامج جوجل �إيرث وبرنامج
 ا�شتملت الدرا�سة على ما: النتائج.) الواليات املتحدة الأمريكية، كاليفورنيا، ماونتني فيو، جوجلبليك�س، (�رشكة جوجل.جوجل ماب�س
) كمرافق من الدرجة اخلام�سة لرعاية م�صابي12.5%(  مت ت�صنيف �أربعة مرافق. مرفق ًا �صحي ًا لرعاية م�صابي احلوادث32 جمموعه
 مل تكن هناك �أي مرافق من الدرجة.) من املرافق املوجودة يف حمافظة م�سقط �ضمن الدرجة الرابعة واخلام�سة42.9%(  مت ت�صنيف.احلوادث
 توفرت �أق�سام اجلراحة العامة وجراحة العظام وجراحة املخ والأع�صاب يف.الرابعة �أو اخلام�سة يف حمافظات م�سندم والو�سطى والربميي
. منها75.0%  ويف املقابل توفرت خدمات الطوارئ يف ما ن�سبته. من املرافق ال�صحية على التوايل12.5%  و59.3% ،68.8% ما ن�سبته
 متو�سط امل�سافة بني. �أربعة من هذه املرافق تقع يف حمافظة م�سقط،ً مرفق ًا �صحيا11 �أما بالن�سبة خلدمة العناية املركزة فتوفرت فقط يف
 غري �أن متو�سط امل�سافة �إىل �أقرب مرفق،ً كيلومرتا34.7 نقاط الذروة يف �إ�صابات حوادث الطرق و�أقرب مرفق �صحي لرعاية امل�صابني كانت
 حتتاج مرافق الرعاية ال�صحية مل�صابي: اخلال�صة.َ كيلومرتا83.3 �صحي لرعاية م�صابي احلوادث من الدرجتني الرابعة واخلام�سة كان
 ومن هذا املنطلق نو�صي برفع م�ستويات.احلوادث يف عمان �إىل تعديالت من ناحية التوزيع اجلغرايف وتوافر نوعية اخلدمات ال�صحية
.بع�ض مرافق الرعاية ال�صحية مل�صابي احلوادث من �أجل احلد من الإ�صابات الناجمة عن حوادث الطرق والوفيات املرتبطة بها يف عمان
. حوادث الطرق؛ ال�سيارات؛ مرافق الرعاية ال�صحية مل�صابي احلوادث؛ ال�صحة العامة؛ خدمة الإ�سعاف الطبي؛ عمان:الكلمات املفتاحية
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Advances in Knowledge
- The current study found that the mean distance between a road traffic injury (RTI) hotspot and the nearest trauma care facility in
Oman was 34.7 km; moreover, RTI hotspots were a mean distance of 83.3 km away from the nearest class IV or V facility.
- The majority of class IV and V trauma care facilities in Oman were found to be located in Muscat, with such facilities entirely lacking
in certain other governorates.
Application to Patient Care
- The findings of the current study suggest that the distribution and quality of trauma care facilities in Oman is inadequate. Upgrading
existing trauma care facilities in certain locations and building new trauma centres closer to known RTI hotspots may help to decrease
morbidity and mortality associated with RTIs.

T

rauma represents a major yet preventable
health burden worldwide; in particular, the
World Health Organization (WHO) identifies
road traffic injuries (RTI) to be a major public health
problem, with over a million people killed due to
RTIs annually.1 By 2020, this number is expected to
increase by 65% and 80% in higher- and lower-income
countries, respectively.1,2 A major factor in preventing
RTI-related deaths is the rapid transfer of victims to a
trauma care centre within 60 minutes of the incident,
also known as the “golden hour”.3–5 Therefore, ensuring
the regional availability of trauma care facilities can be
tremendously beneficial. Many methods have been
suggested to identify shortcomings in national trauma
care systems and their structure in order to improve
survival for trauma victims, including estimating the
distance between high-incidence RTI sites and trauma
care centres, which can help in the planning of future
trauma centres and when improving the existing
infrastructure.4,6
In Oman, RTIs account for high mortality and
morbidity; in 2013, the Ministry of Health (MOH)
reported 646 RTI-related deaths on arrival (DOAs)
to hospitals or prior to admission.7 In addition, 68.4%
of inpatient deaths at MOH-affiliated hospitals were
attributed to RTIs in 2013, with more than twothirds of the deaths occurring among individuals aged
15–44 years old.7 Geographically, Oman is divided
into 11 administrative governorates extending over an
area of 309,500 km2, with each governorate subdivided
into smaller wilayats [Figure 1]. The governorate with
the highest population density is Muscat, the capital
city; however, only 7.3% of RTI-related DOAs in
2013 were reported to have occurred in this region.7,8
In contrast, Al-Batinah North and Al-Dakhiliyah
accounted for the highest number of DOAs (18.7%
each); these governorates have estimated populations
of 772,590 and 336,651 individuals, respectively. The
lowest number of DOAs was reported in Musandam
(0.2%), which has an estimated population of 31,425
individuals.7,8
According to the WHO, Oman is considered a
high-income country with good death registration
data.1 In 2010, the WHO reported 820 RTI-related

deaths in Oman, with estimates of permanent disability
set at 1.4%.1 To the best of the authors’ knowledge, no
study has yet evaluated the accessibility and quality of
trauma care facilities in Oman with regards to known
sites of RTIs. Therefore, the purpose of this pilot study
was to evaluate the distribution of trauma centres in
Oman and their proximity to RTI-prevalent areas in
order to lay the groundwork for future analyses.

Methods
This descriptive pilot study was performed between
January and December 2014. Existing healthcare
facilities in Oman which provided care to trauma
victims during this period as well as the number of
victims presenting to different healthcare facilities by
governorate were identified from multiple sources at
the MOH.7,9 Identified trauma centres were broadly

Figure 1: Geographical map of Oman showing the
administrative division of governorates.
Map created using Scribble Maps software (52 Stairs Studio Inc.,
Windsor, Ontario, Canada).
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Table 1: Classification of trauma care facilities based on
service availability
Class

Available services
General
surgery

CT

ICU

Orthopaedic
surgery

Neurosurgery

I

No

No

No

No

No

II

Yes

No

No

No

No

III

Yes

Yes

Yes

No

No

IV

Yes

Yes

Yes

Yes*

Yes*

V

Yes

Yes

Yes

Yes

Yes

CT = computed tomography; ICU = intensive care unit.
*One or the other, but not both.

categorised based on the classifications of the
American College of Surgeons Committee on Trauma
(ACSCOT), which classifies trauma care facilities
based on their capacity to treat trauma patients, the
volume of cases they can accommodate and their
educational and research commitments in the field
of trauma.10 Unfortunately, it was not possible to
utilise the exact ACSCOT classifications as certain
prerequisites were not applicable to trauma care
facilities in Oman. Instead, the trauma care facilities

were similarly divided into five classes based on the
provision of various surgical and medical services,
with class V indicating the highest level of care offered
and class I the lowest [Table 1].
Subsequently, data on all RTIs occurring in
Oman during the study period were obtained from
the Royal Oman Police registry, which keeps track of
the geographical locations where RTIs occur and the
overall number of RTIs which occur at certain RTIprevalent locations known as hotspots, where RTIs
are known to have resulted in death or serious injury.
Google Earth and Google Maps software interfaces
(Google Inc., Googleplex, Mountain View, California,
USA) were then used to obtain the coordinates of
RTI sites and the closest trauma care facilities and to
calculate distances between the two locations.
The results were displayed on maps created
using Scribble Maps software (52 Stairs Studio Inc.,
Windsor, Ontario, Canada). Data were analysed using
the Statistical Package for the Social Sciences (SPSS),
Version 23.0 (IBM Corp., Armonk, New York, USA).
Administrative approval was obtained from all of the
concerned authorities for use of the secondary data
utilised in this study.

Table 2: Distribution of trauma care facilities in Oman according to governorate, class and distance to road traffic
injury hotspots (N = 32)
Governorate

Population density in
people/km2

Number of
facilities per class

Mean distance
from RTI hotspot
to nearest facility
in km

Mean distance from
RTI hotspot to nearest
class IV or V facility
in km

Muscat

300.8

Class V
Class IV
Class III
Class I

2
1
1
3

4.1

22.4

Al-Batinah South

80.5

Class IV
Class I

1
1

35.9

35.9

Al-Batinah North

83.0

Class V

1

30.0

30.0

Musandam

21.4

Class III
Class II

1
1

4.7

304.0

Al-Sharqiyah South

22.2

Class IV
Class II
Class I

1
2
1

5.7

5.7

Al-Sharqiyah North

10.0

Class IV
Class III
Class I

1
1
4

4.8

4.8

Al-Buraimi

12.4

Class III

1

39.6

85

Al-Dhahirah

5.2

Class IV

1

9.0

9.0

Al-Dakhiliyah

12.6

Class IV
Class II
Class I

1
3
1

3.0

3.0

Al-Wusta

0.5

Class I

1

3.5

374.0

Dhofar

3.8

Class V
Class III

1
1

3.7

14.9

RTI = road traffic injuries.
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(374.0 km) and Musandam (304.0 km) had the greatest
mean distances [Table 2]. Mapping the distribution of
RTI hotspots and available trauma care facilities showed
a dense clustering of trauma centres around Muscat in
comparison to other governorates [Figure 2].

Figure 2: Distribution map of available trauma care
facilities in Oman in relation to road traffic injury
hotspots (N = 32).
Map created using Scribble Maps software (52 Stairs Studio Inc.,
Windsor, Ontario, Canada) and Google Maps software interface
(Google Inc., Googleplex, Mountain View, California, USA).

Results
A total of 32 trauma care facilities were identified,
of which 11 (34.4%) were class I centres. Only four
centres (12.5%) were categorised as class V facilities;
these were located in Muscat, Al-Batinah North and
Dhofar. Muscat had the largest overall number of
trauma care facilities, with 42.9% of its facilities ranked
as class IV or V. In contrast, Musandam, Al-Wusta and
Al-Buraimi lacked class IV or V facilities entirely. The
overall mean distance between RTI hotspots and the
nearest trauma care facility was 34.7 km, while the
mean distance to a class IV or V trauma facility was
83.3 km. The governorate with the shortest mean
distance between RTI hotspots and class IV or V
centres was Al-Dakhiliyah (3.0 km), whereas Al-Wusta

A total of 22 (68.8%) and 24 (75.0%) of the
trauma facilities had general surgery and emergency
services, respectively. Neurosurgery and orthopaedic
surgery services were available in four (12.5%) and 18
(59.3%) centres, respectively. Ventilation support was
only available in 15 facilities (46.9%). General surgery
services were available in all governorates apart from
Al-Wusta, which had no special services available at all;
however, neurosurgery services were only available
in three governorates (Muscat, Al-Batinah North
and Dhofar). In total, only 11 centres (68.8%) had an
intensive care unit (ICU), of which four were located
in Muscat (12.5%), while Al-Sharqiyah South and
Al-Wusta completely lacked any type of ICU services
[Figure 3].

Discussion
In this pilot study, the application of non-ACSCOT
classifications to Omani trauma care facilities enabled
the identification of centres which lacked definitive
trauma services but nevertheless contributed to
trauma management by allowing the early stabilisation
and transfer of the patient to other centres. In
Oman, although major trauma centres have both
surgeons and emergency physicians who can provide
resuscitation and management procedures, certain
strict requirements for certification as a trauma centre
by the American College of Surgeons are not met
(e.g. the admission of ≥1,200 trauma cases annually).10
As such, a broader classification was devised based
on the availability of those specialty services most
commonly required when managing trauma cases.

Figure 3: Availability of various services in trauma care facilities in Oman according to governorate (N = 32).
ICU = intensive care unit; CT = computed tomography.
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Trauma usually involves multiple systems,
particularly the nervous and musculoskeletal systems.
Traumatic brain injuries are the most common cause
of death in trauma cases, highlighting the necessity of
providing neurosurgery services.11 Musculoskeletal
injuries are also frequent and most trauma causes
therefore require consultation with an orthopaedic
surgeon.2 Additionally, a dedicated ICU facility is
integral in reducing preventable deaths.12 According
to the American College of Surgeons, computed
tomography imaging modalities are also deemed
mandatory for large trauma centres; moreover, a
general surgeon—either as a leader or member of the
trauma team—should represent the cornerstone of a
trauma system.10 Finally, the emergency department
is usually the site of the initial encounter between
the trauma team and victim; thus, the involvement of
emergency physicians is vital.10,13
According to the findings of the current pilot
study, the distribution of high-class trauma care
facilities in Oman seems to correspond with population density. Muscat appears to be the best-equipped
governorate in Oman for the management of trauma
cases, particularly those that might require specialised
services like general surgery, orthopaedic surgery or
neurosurgery; this is fitting in view of its position as
the most densely-populated governorate in Oman.8
On average, RTI victims in Muscat were only 4.1 km
away from the closest trauma facility where initial
resuscitation and preparation for transfer could take
place; moreover, definite management at a IV or V
trauma care facility, of which 27.3% were based in
Muscat, was also highly accessible at a mean distance
of 22.4 km away.
Other relatively densely-populated governorates
such as Al-Batinah North and Al-Batinah South also
had facilities where initial trauma care could be
delivered; in addition, definitive care at a VI or V
trauma centre was usually available within 36 km. This
is particularly important as Al-Batinah North has one
of the highest numbers of RTI-related DOAs in the
country.7 Al-Dakhiliyah, which has a similarly high
level of RTI-related DOAs, has a lower population
density but was found to have both initial management
facilities and transfer capabilities to a high-level facility
within 3.0 km of RTI hotspots.7,8 Although this was the
shortest mean hotspot-to-facility distance recorded in
the current study, the governorate nevertheless lacked
specialised neurosurgery services, which therefore
necessitates the transfer of trauma cases involving
head injuries to other governorates.
As the least densely populated governorate,
Al-Wusta was correspondingly found in the present
study to lack any kind of high-level trauma facilities.8

Although initial management and resuscitation was
on average accessible within 3.5 km of an RTI hotspot,
definitive trauma care was over 370 km away, in
the separate governorate of Al-Dakhiliyah. As with
Al-Wusta, trauma cases in Musandam had to be
transported an average of 304 km away to North
Al-Batinah for definitive care. It is therefore clear
that both air and land transportation infrastructure
constitute an important part of the trauma system
in Oman due to the potentially lengthy distances
between known RTI hotspots and definitive trauma
care facilities. As such, certain regions in Oman need
to upgrade their available trauma care facilities and
potentially build entirely new trauma facilities so as
to reduce RTI-associated morbidity and mortality in
the country.
To the best of the author’s knowledge, this pilot
study is the first of its kind to evaluate the accessibility
of trauma care health facilities in Oman in relation to
known RTI-prevalent sites, with most existing studies
targeting preventative aspects or focusing purely on
the management of trauma cases. However, this study
is not without its limitations and could not fully address
the relationship between RTI sites and trauma care
facilities. Given that Oman has no nationwide trauma
registry, multiple variables could not be included,
including modifiable factors associated with morbidity
and mortality and data related to pre- and in-hospital
management.

Conclusion
The findings of this pilot study indicate that certain
areas in Oman need to upgrade available trauma care
facilities or build entirely new trauma centres. This
may help to improve identified gaps in the existing
trauma care infrastructure and reduce RTI-associated
morbidity and mortality in the country.
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