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Abstract

Background Upper extremity injuries (UEIs) are common in the emergency departments, yet they are under-reported in
developing countries. This study examined the frequency, injury characteristics, and treatment approaches of upper extremity
fractures (UEFs) among hospitalized trauma patients in a nationally representative population.

Methods We conducted a retrospective, observational study including all the hospitalized patients with UEFs in the only
level 1 trauma center in Qatar between July 2015 and August 2020. Comparative analyses were performed according to
injury mechanisms, severity, and management approach.

Results A total of 2,023 patients sustained UEIs with an average age of 34.4 +12.9 years, and 92% were males. Motor vehi-
cle crashes (MVCs; 42.3%) were the primary cause of shoulder girdle injuries in 48.3% of cases. Fractures of the radius,
ulna, and hands occurred in 30.8, 16.5 and 14.5%, respectively. Young adults were more involved in MVCs and motorcycle
crashes (MCCs), while pedestrians who were typically older had a higher rate of humerus fractures. Patients with MCCs had
a higher rate of clavicle and ulna fractures. Pedestrians were at risk of serious injuries, with a higher mean injury severity
score and lower Glasgow Coma Scale.

Conclusion Most UEFs patients were young males and mainly affected by MVCs. Shoulder girdle, particularly clavicle and
scapula/glenoid fractures, emerged as common injury sites. The study highlighted the potential risk of pedestrian injuries, as
reflected in higher injury severity, concomitant injuries, and higher mortality. Future studies are needed to optimize preven-
tive measures by incorporating insights into specific injury mechanisms and patterns of UEIs.

Keywords Upper extremity injury - Mechanism of injury - Trauma - Orthopedics - Qatar

Introduction

Injuries to the extremities continue to be a significant health-
care issue in most countries, which affects the quality of
life (QoL). Therefore, understanding the patterns of upper
limb (UL) injuries is crucial for effective treatment. Upper
extremity injuries (UEIs) are common injuries in the emer-
gency department (ED) across the globe [1, 2]. These may
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vary in severity from simple fingertips to complicated inju-
ries involving several UL structures [3]. Traumatic fractures
of the upper extremities commonly manifest as standalone
injuries; however, in polytrauma patients, up to 30% of cases
had UEIs in the presence of other concomitant injuries [4].
Notably, severe injuries to the upper extremities, such as
amputation, brachial plexus damage, and severely dam-
aged limbs, necessitate a comprehensive, multidisciplinary
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management approach for successful reconstruction [5,
6]. Of note, inadequate handling of injuries to the upper
extremities may lead to significant impairment that affects
the functional outcomes [7]. Complicated fracture patterns,
polytrauma, delayed management, thin layers of soft tissue,
and an inadequate vascular supply are associated with poor
outcomes [8], including the QoL.

The epidemiological characteristics of UEFs differ across
countries and even within regions, which is often influenced
by socioeconomic factors, occupation, and recreational
activities [9]. Karl et al. [10] reported an annual incidence
of 67.6 UEFs per 10,000 individuals in 2009 in the United
States. An Italian report highlighted 201,940 hospitaliza-
tions with an incidence rate of 340 per 100,000 persons/
year [11], while in the Netherlands, the incidence increased
by 13% from 1986 to 2008 [12]. However, in recent years,
there has been a decline in the number of cases in developed
countries.

Contrary to the global trend of decline, the MENA region
(Middle East and North Africa) has shown a 2.3% increase
in the age-adjusted incidence rate of UEFs over the past
three decades, while the disability rate has surged by 15.6%
[13]. Despite the high prevalence of UEIs, most existing
literature focuses on lower extremity trauma, resulting in
a significant gap in understanding the epidemiology and
outcomes of UEFs, particularly among hospitalized trauma
patients in developing countries. Therefore, we aim to out-
line the incidence, injury characteristics, and treatment
approaches of UEFs, considering injury mechanisms and
severity, in a nationally representative population in Qatar.

Methods

We conducted a retrospective, observational study that
included all patients with UEIs admitted to the only level 1
trauma center at Hamad Trauma Center (HTC) in Qatar from
July 2015 to August 2020. The HTC, the sole tertiary facil-
ity in the country, annually admits and treats approximately
2000 patients with moderate-to-severe injuries. Upon arrival
at HTC, patients are evaluated and managed according to the
advanced trauma life support (ATLS) guidelines. Data were
retrieved from the Qatar National Trauma Registry (QNTR)
and the electronic medical records. The QNTR contributes
to the American College of Surgeons (ACS) Committee on
Trauma's National Trauma Databank (NTDB). The trauma
registry undergoes international and local validations with
quarterly reports to the NTDB and ACS-TQIP [14, 15].
Patients with incomplete data, treated and discharged from
the ED, those who were dead on arrival or before manage-
ment, and patients who were transferred to other facilities
were excluded.
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Collected data included patient demographics, mecha-
nism of injury (MOI), ED disposition, vital signs, type of
injury (open/closed), anatomical location of UEIs, associ-
ated injuries, injury severity score (ISS), Glasgow coma
score (GCS), abbreviated injury scores, management (sur-
gical or conservative), blood transfusion, hospital length of
stay, in-hospital complications, and mortality.

Statistical analysis

Data were expressed as numbers, percentages, and
mean =+ standard deviation or medians and ranges, whenever
appropriate. Comparative analyses were performed for sub-
groups according to mechanisms of injury; severity of injury
[mild (ISS <8), moderate (ISS 9-15), severe (ISS 16-25),
and critical (ISS >25)]; and management (conservative vs.
surgical). The chi-square test was performed to analyze dif-
ferences in categorical variables between groups, and the
Fisher exact test was used when cell values n < 5. Continu-
ous variables were analyzed using Student's t-test for two
groups or ANOVA test for > two groups. Mann—Whitney U
and Kruskal-Wallis tests were used for non-parametric data
whenever applicable. Two-tailed p <0.05 were considered
significant. Data was analyzed using the Statistical Package
for the Social Sciences version 22.0 (SPSS Inc. Chicago,
Illinois, USA).

Results

During the study period, 2,023 patients sustained
UEFs requiring hospitalization with an average age of
34.4+12.9 years. The majority were male (92%). The most
frequent MOI was motor vehicle crashes (42.3%), followed
by falls from height (27.1%), pedestrian incidents (12.5%),
and motorcycle crashes (8.5%). From the emergency depart-
ment, less than half of injured patients were transferred to
the ward (46.8%), while 30% required intensive care unit
admission and 17.8% necessitated immediate surgical inter-
vention. Ethanol was positive in 7.2% of cases. Most injuries
were closed (88.3%), with only 11.7% being open fractures
(Fig. 1). Approximately half of the injuries involved the
shoulder girdle (48.3%), including clavicle (23.7%), scapula,
and glenoid (24.6%) fracture or dislocation (Fig. 2). Humeral
shaft fracture accounted for 20.6%, and fracture or disloca-
tion of the elbow was observed in 4%. Fractures of the radius
(30.8%) and ulna (16.5%) were frequent, followed by hand
fractures (14.5%).

Chest injuries were the most associated injury (52.9%),
followed by head injuries (30.4%), lower extremities
(29.3%), abdomen (20.9%) and pelvis injuries (20.3%). The
median ISS was 14 (9-22), with most cases being moderate
(36.6%) to severe (26.7%). The mean upper extremity AIS
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Fig.2 Frequency and types of upper extremity injuries among hospitalized trauma patients over 5 years

was 2.0 +0.9, and the lower extremity AIS was 2.5+0.5.  (1-505) days, respectively. The overall in-hospital mortality
In 33.5% of cases, surgical intervention was required, and  rate was 7.5%, affecting 52 polytrauma patients.

27.8% needed blood transfusion. Few patients developed Table 1 compares demographics, clinical characteristics,
pneumonia (3.9%), sepsis (1.4%), and ARDS (1.3%). The and outcomes based on the MOI. Younger adults were more
median hospital and ICU length of stay were 4 (1-115)and7  frequently involved in motor vehicle and motorcycle crashes,
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Table 1 demographics, clinical characteristics, and outcomes of patients who sustained upper extremity injuries based on the mechanism of
injury

Motor vehicle Fall (n=548) Pedestrian (n=253) Motorcy- Fall of Others (n=111) p value
crash (n=3856) cle crash heavy object
(n=171) (n=84)
Age 32+13 37+13 39+14 31+10 34+8 33+10 0.001
Males 755 (88.2%) 524 (95.6%) 236 (93.3%) 169 (98.8%) 84 (100%) 97 (87.4%) 0.001
Ethanol positive 84 (9.8%) 15 (2.7%) 19 (7.5%) 16 (9.4%) 0 (0.0%) 12 (10.8%) 0.001
Ethanol levels 31.8+14.3 414+143  39.4+20.8 43.1+145 - 20.7+14.7 0.001
Type of injury
Open 88 (10.3%) 74 (13.5%) 20 (7.9%) 20 (11.7%) 10 (11.9%) 24 (21.6%) 0.004 for all
Close 768 (89.7%) 474 (86.5%) 233 (92.1%) 151 (88.3%) 74 (88.1%) 87 (78.4%)
Upper extremity injuries
Clavicle fracture 247 (289%) 72 (13.1%) 72 (28.5%) 55(322%) 23 (27.4%) 10 (9.0%) 0.001
Scapula /glenoid fracture 220 (25.7%) 111 (20.3%) 78 (30.8%) 33(19.3%) 37 (44.0%) 19 (17.1%) 0.001
Shoulder dislocation/ 24 (2.8%) 14 (2.6%) 9 (3.6%) 4(2.3%) 2 (2.4%) 3(2.7%) 0.97
fracture
Humerus fracture 194 (22.7%) 94 (172%) 67 (26.5%) 28 (16.4%) 9 (10.7%) 25 (22.5%) 0.002
Elbow fracture/dislocation 26 (3.0%) 33 (6.0%) 8(3.2%) 5(2.9%) 4 (4.8%) 5 (4.5%) 0.10
Olecranon fracture 20 (2.3%) 26 (4.7%) 4 (1.6%) 1 (0.6%) 1(1.2%) 2 (1.8%) 0.01
Radius fracture 203 (23.7%) 250 (45.6%) 50 (19.8%) 67 (39.2%) 18 (21.4%) 35(31.5%) 0.001
Ulna fracture 139 (16.2%) 84 (15.3%) 28 (11.1%) 37 21.6%) 9 (10.7%) 36 (32.4%) 0.001
Hand fracture 122 (143%) 80 (14.6%) 21 (8.3%) 25 (14.6%) 9 (10.7%) 37 (33.3%) 0.001
Associated injuries
Head 253 (29.6%) 177 (32.3%) 102 (40.3%) 54 (31.6%) 10 (11.9%) 18 (16.2%) 0.001
Chest 511 (59.7%) 241 (44.0%) 151(59.7%) 86 (50.3%) 54 (64.3%) 28 (25.2%) 0.001
Abdomen 200 (23.4%) 94 (17.2%) 68 (26.9%) 31 (18.1%) 18 (21.4%) 12 (10.8%) 0.001
Pelvis 170 (19.9%) 120 21.9%) 71 (28.1%) 25 (14.6%) 17 (20.2%) 7 (6.3%) 0.001
Lower extremity 254 (29.7%) 124 (22.6%) 104 (41.1%) 58 (33.9%) 28 (33.3%) 24 (21.6%) 0.001
Injury severity score 14 (9-22) 14 (9-19) 17 (10-29) 14 (9-22) 14 (9-17) 11 (10-17) 0.001
GCS ED 15 (14-15) 15 (15-15) 15 (3-15) 15 (15-15) 15 (15-15) 15 (15-15) 0.001
Head AIS 34+1.0 39+09 37+1.0 34+09 3.1+07 3.4+0.6 0.03
Chest AIS 2.7+0.7 2.6+0.7 29+0.7 2.7+0.7 2.6+0.7 2.6+09 0.06
Abdomen AIS 2.6+09 25+0.8 26+09 24+0.8 2.6+09 27+1.2 0.84
Pelvis AIS 22+0.6 2.1+05 24+0.8 2.6+09 25+1.0 27+09 0.005
Lower extremity AIS 2.6+0.5 2.6+0.5 24+0.5 2.6+0.5 2.7+0.5 2.6+0.6 0.02
Upper extremity AIS 2.0+0.3 2.0+0.3 1.9+0.2 2.0+0.3 2.0+04 2.1+0.6 0.01
Surgical intervention 266 (31.1%) 223 (40.7%) 56 (22.1%) 70 (40.9%) 18 (21.4%) 45 (40.5%) 0.001
Blood transfusion 262 (30.6%) 109 (19.9%) 93 (36.8%) 42 (24.6%) 22 (26.2%) 34 (30.6%) 0.001
Number of blood units 4(1-41) 4(1-42) 5(1-52) 4 (1-23) 4.5 (1-53) 4.5 (2-32) 0.82
In-hospital complications
Pneumonia 39 (4.6%) 17 (3.1%) 13 (5.1%) 6 (3.5%) 2 (2.4%) 1(0.9%) 0.28
Sepsis 14 (1.6%) 8 (1.5%) 4 (1.6%) 1(0.6%) 1(1.2%) 1(0.9%) 0.92
ARDS 13 (1.5%) 4(0.7%) 6 (2.4%) 1(0.6%) 2 (2.4%) 1(0.9%) 0.37
Ventilatory days 6 (1-115) 5(1-43) 5(1-29) 6 (1-51) 4.5 (1-30) 2 (1-12) 0.12
ICU length of stay 5(1-115) 4 (1-76) 4 (1-45) 4 (1-58) 5(1-74) 3.5(1-32) 0.02
Hospital length of stay 8 (1-169) 6 (1-181) 6 (1-505) 6 (1-122) 5 (1-336) 6 (1-99) 0.002
Mortality 53 (6.2%) 33 (6.0%) 49 (19.4%) 10 (5.8%) 2 (2.4%) 5 (4.5%) 0.001

AIS abbreviated injury score, ED emergency department, GCS Glasgow coma scale, ARDS acute respiratory distress syndrome
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while injuries caused by pedestrian accidents more fre-
quently happened in relatively older individuals (p =0.001).
Notably, open fractures were more frequent among the fall
victims (p =0.001), with specific injuries such as radius
(p=0.001), olecranon (p=0.001), and hand (»p =0.001)
fractures. Humerus fractures were significantly higher in
the pedestrian group (p =0.002). Motorcycle crashes were
associated with an increased likelihood of clavicle and ulna
fractures (p =0.001). In contrast, scapula or glenoid frac-
tures were more prevalent in patients injured by falls of
heavy objects (p =0.001). Pedestrians were at risk of severe
injuries with higher mean ISS, lower GCS (p=0.001), and
a higher need for blood transfusions (p =0.001).

Table 2 demonstrates the characteristics and outcomes
of UEFs based on injury severity, categorized by the ISS.
Patients with moderate-to-severe injuries were, on average,
two years older than those with mild injuries (p =0.001).
Moderate injuries were commonly associated with MVCs,
while pedestrians were more likely to sustain critical inju-
ries. A higher proportion of motorcyclists sustained mild
injuries (p=0.001). The groups with severe and critical
injuries had a significantly higher proportion of clavicle
(»=0.001) and scapula or glenoid (p =0.001) fractures.

In contrast, the mild injury group was more likely to have
elbow fracture or dislocation (p =0.03), radius (p=0.001),
and hand fractures (p =0.001).

Table 3 shows the clinical characteristics based on the
management approach (surgical vs non-surgical). The two
groups were comparable in terms of age and gender. Patients
who underwent surgery had a significantly higher rate of
open fractures (25.8% vs. 4.5%; p=0.001). Clavicle frac-
tures (p=0.001) and scapula or glenoid fractures (p =0.001)
were more commonly treated conservatively. Head and
chest trauma were more common in the conservative group
(p=0.001). The average upper and lower extremity AIS
were higher in the surgical group (p=0.001). The conserva-
tive group had longer ICU stays and higher in-hospital mor-
tality rates (p=0.001).

Discussion

During a 5-year study period, almost a quarter of trauma
hospitalizations involved UEFs, predominantly affecting
young males, who are mainly injured by motor vehicle and
motorcycle crashes. Most patients sustained closed inju-
ries, with shoulder girdle injuries being the most common
(48.3%). Pedestrians were found to have a higher risk of
severe injuries, characterized by higher mean ISS, lower
GCS, and a frequent need for blood transfusions. Fur-
thermore, severe and critically injured patients were more
likely to have clavicle and scapula or glenoid fractures,
leading to prolonged hospital course, increased in-hospital

complications, and mortality rates. Approximately one-third
of patients required surgical intervention, predominantly
for open injuries involving fractures of the humerus, elbow,
olecranon, ulna, radius, or hand.

A study from Italy [11] reported a prevalence of UEIs
to be 20% among all emergency visits. However, another
study from the Netherlands reported a higher occurrence
of UEIs (42%) among trauma-related ED visits [12]. The
predominance of UEIs in young men compared to women
of the same age aligns with previous studies attributing this
to recreational activities and high-velocity forces like road
traffic accidents. This might be explained by the fact that
young individuals are more impulsive, and that motoriza-
tion is higher in rapidly developing high-income countries,
including Qatar. Similar gender disparities were noted in
other studies; for instance, Ameri et al. [9] demonstrated a
predominance of males (77.5%), possibly linked to a higher
population of young, active males in the country engaged
in occupational/constructional activities and riskier behav-
iors. Another prior study conducted in the United States
reviewed 90 million injuries presented to the ED, reveal-
ing that 35% involved the upper extremity [16]. Another
study of 24,885 polytrauma patients reported extremity
injuries in 39.7% of cases, with the most prevalent fractures
being those of the femur (16.5%), tibia (12.6%), and clavi-
cle (10.4%) [4]. In our cohort, most patients experienced
closed injuries (88.3%), with shoulder girdle injuries being
the most prevalent (48.3%). This was followed by fractures
in the radius (30.8%) and humeral shaft (20.6%). A previ-
ous study analyzing 54,076 polytrauma cases (ISS > 16)
identified shoulder injuries in 27.9%, with 68.5% account-
ing for blunt trauma [17]. The higher occurrence of frac-
tures in the shoulder and upper arms can be attributed to
MVCs, which are the most frequent cause. During MVC,
patients often experience high-impact forces, particularly on
an outstretched hand, increasing the likelihood of shoulder
and upper arm fractures or dislocations. Ribak et al. [18]
reported a more significant occurrence of closed fractures,
with a higher frequency of severe injuries associated with
hand trauma. Another study identified fingers (38.4%) and
wrists (15.2%) as the most frequently injured anatomical
regions in the Mexican population [19]. Similarly, a study
from the United States reported finger injuries (38.4%) to
be most frequent, followed by shoulder (16.8%) [20]. We
observed hand fractures in approximately 15% of cases, a
finding similar to van Olsen and colleagues’ study (19%)
[21].

In the current study, the highest prevalence of associ-
ated injuries was in the chest (52.9%), followed by the head
(30.4%). A prior study reported head/face/neck injuries
(52%) as common, followed by lower extremities (49%) and
chest (46%) injuries [22]. In line with our findings, Briese
et al. [17] indicated a correlation between shoulder injuries
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Table 2 demographics, clinical characteristics, and outcome of patients who sustained upper extremity injuries based on injury severity score

Mild (ISS <8) (n=394) Moderate (ISS Severe (ISS 16-25) Critical (ISS>25) p value

9-15) (n=734) (n=535) (n=343)
Age 32.7+12.2 354+13.6 349+12.6 33.4+13.1 0.001
Males 362 (91.9%) 670 (91.3%) 498 (93.1%) 319 (93.0%) 0.61
Mechanism of injury
Motor vehicle crash 156 (39.6%) 312 (45.5%) 228 (42.6%) 155 (18.2%) 0.001 for all
Fall from height 114 (28.9%) 209 (28.5%) 152 (28.4%) 72 (21.0%)
Pedestrian 37 (9.4%) 74 (10.1%) 66 (12.3%) 69 (20.1%)
Motorcycle crash 37 (9.4%) 62 (8.4%) 42 (7.9%) 28 (8.2%)
Fall of a heavy object 15 (3.8%) 33 (4.5%) 27 (5.0%) 8(2.3%)
Others 35 (8.9%) 44 (6.0%) 20 (3.7%) 11 (3.2%)
Type of injury
Open 56 (14.2%) 82 (11.2%) 51 (9.5%) 45 (13.1%) 0.12
Close 338 (85.5%) 652 (88.8%) 484 (90.5%) 298 (86.9%)
Upper extremity injuries
Clavicle fracture 50 (12.7%) 169 (23.0%) 162 (30.3%) 96 (28.0%) 0.001
Scapula /glenoid fracture 46 (11.7%) 157 (21.4%) 177 (33.1%) 118 (34.4%) 0.001
Shoulder dislocation/fracture 13 (3.3%) 19 (2.6%) 11 (2.1%) 11 (3.2%) 0.62
Humerus fracture 91 (23.1%) 137 (18.7%) 98 (18.3%) 83 (24.2%) 0.05
Elbow fracture/dislocation 24 (6.1%) 31 (4.2%) 14 (2.6%) 10 (2.9%) 0.03
Olecranon fracture 5(1.3%) 23 (3.1%) 15 (2.8%) 11 3.2%) 0.26
Ulna fracture 82 (20.8%) 122 (16.6%) 76 (14.2%) 53 (15.5%) 0.05
Radius fracture 154 (39.1%) 238 (32.4%) 137 (25.6%) 93 (27.1%) 0.001
Hand fracture 90 (22.8%) 104 (14.2%) 52 (9.7%) 47 (13.7%) 0.001
Associated injuries
Head 9 (2.3%) 88 (12.0%) 262 (49.0%) 251 (73.2%) 0.001
Chest 33 (8.4%) 350 (47.7%) 392 (73.3%) 290 (84.5%) 0.001
Abdomen 11 2.8%) 62 (8.4%) 172 (32.1%) 178 (51.9%) 0.001
Pelvis 53 (13.5%) 109 (14.9%) 114 (21.3%) 129 (37.6%) 0.001
Lower extremity 75 (19.0%) 216 (29.4%) 154 (28.8%) 139 (40.5%) 0.001
GCS ED (median, IQR) 15 (15-15) 15 (15-15) 15 (14-15) VA 0.001
Head AIS 1.8+04 2.6+0.6 3.0+0.6 42+09 0.001
Chest AIS 1.4+05 25+07 2.7+0.6 32+0.7 0.001
Abdomen AIS 1.7+0.5 2.0+04 2.3+0.6 29+1.0 0.001
Pelvis AIS 2.0+0.0 2.0+0.2 22+05 26+09 0.001
Lower extremity AIS 1.9+0.2 2.6+0.5 2.5+0.5 2.6+0.5 0.001
Upper extremity AIS 1.9+0.2 2.0+0.3 2.1+04 2.1+0.4 0.001
Surgical intervention 173 (43.9%) 248 (33.8%) 167 (31.2%) 90 (26.2%) 0.001
Blood transfusion 18 (4.6%) 125 (17.0%) 174 (32.5%) 245 (71.4%) 0.001
Number of blood units 2 (1-9) 3(1-32) 4 (1-29) 7 (1-53) 0.001
In-hospital complications
Pneumonia 1(0.3%) 1(0.1%) 22 (4.1%) 54 (15.7%) 0.001
Sepsis 1(0.3%) 1(0.1%) 7(1.3%) 20 (5.8%) 0.001
ARDS 0(0.0%) 0 (0.0%) 7(1.3%) 20 (5.8%) 0.001
Ventilatory days 1(1-28) 1(1-12) 5(1-97) 8 (1-115) 0.001
ICU LOS 1.5 (1-62) 2 (1-76) 4 (1-112) 11 (1-115) 0.001
Hospital LOS 3 (1-67) 5 (1-505) 10 (1-181) 18 (1-336) 0.001
Mortality 9(2.3%) 15 (2.0%) 16 (3.0%) 95 (27.7%) 0.001
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Table 3 clinical characteristics

Conservative (n=1345) Surgical intervention P value
based on management approach (n=678)
Age 349+13.7 332+11.4 0.003
Males 1246 (92.6%) 619 (91.3%) 0.28
Type of injury
Close 1284 (95.5%) 503 (74.2%) 0.001 for all
Open 61 (4.5%) 175 (25.8%)
Upper extremity injuries
Clavicle fracture 429 (31.9%) 50 (7.4%) 0.001
Scapula /glenoid fracture 432 (32.1%) 66 (9.7%) 0.001
Shoulder dislocation/fracture 39 (2.9%) 17 (2.5%) 0.61
Humerus fracture 188 (14.0%) 229 (33.8%) 0.001
Elbow fracture/dislocation 44 (3.3%) 37 (5.5%) 0.01
Olecranon fracture 19 (1.4%) 35(5.2%) 0.001
Ulna fracture 106 (7.9%) 227 (33.5%) 0.001
Radius fracture 237 (17.6%) 386 (56.9%) 0.001
Hand fracture 194 (14.4%) 100 (14.7%) 0.84
Associated injuries
Head 463 (34.4%) 151 (22.3%) 0.001
Chest 798 (59.3%) 273 (40.3%) 0.001
Abdomen 283 (21.0%) 140 (20.6%) 0.83
Pelvis 259 (19.3%) 151 (22.3%) 0.11
Lower extremity 341 (25.4%) 251 (37.0%) 0.001
Injury severity score 17.3+10.6 14.8+9.7 0.001
GCS ED (median, IQR) 15 (12-15) 15 (15-15) 0.001
Head AIS 3.5+0.9 3.3+09 0.11
Chest AIS 2.8+0.7 2.6+0.8 0.01
Abdomen AIS 2.6+0.9 2.5+09 0.42
Pelvis AIS 23+0.7 2.1+0.5 0.02
Lower extremity AIS 2.5+0.6 2.6+0.5 0.003
Upper extremity AIS 1.9+0.3 2.1+£04 0.001
Blood transfusion 339 (25.2%) 223 (32.9%) 0.001
Number of blood units 4 (1-53) 4 (1-42) 0.03
In-hospital complications
Pneumonia 58 (4.3%) 20 (2.9%) 0.13
Sepsis 20 (1.5%) 9 (1.3%) 0.77
ARDS 22 (1.6%) 5(0.7%) 0.09
Ventilatory days 5(1-115) 5(1-97) 0.99
ICU LOS 5(1-115) 4 (1-112) 0.02
Hospital LOS 6 (1-505) 10 (1-134) 0.001
Mortality 150 (11.2%) 2 (0.3%) 0.001

and trauma to the chest, spine, and head. Our study revealed
a distinct pattern where younger males were disproportion-
ately involved in MVC and motorcycle crashes, contrasting
with pedestrian accidents, which are more prevalent among
older adults. In adult car occupants, the most common open
fractures were reported to be ulna (25%), radius (24%),
and humerus (21%) [22]. However, in our study, clavicle
(28.9%), scapula or glenoid (25.7%), and radius fractures
(23.7%) were the prevalent types among MVC victims.

Another study focusing on the elderly suggested that
pedestrians are more susceptible to bony injuries, including
fractures of the lower and upper extremities, possibly due
to age-related factors like osteoporosis, muscle dystrophy,
and reduced subcutaneous tissue [23]. This suggests that
age plays a role in influencing the nature and severity of
pedestrian injuries.

In this study, the rate of associated injuries was dispro-
portionately higher in severely injured patients, with distinct
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patterns based on injury mechanisms. For instance, humeral
shaft fractures in MVC indicate increased risks of additional
upper and lower extremity injuries and serve as predictors
for concomitant abdominal injuries, notably liver injuries
[24]. The severity of injuries caused by high-energy impact
or force involved in the injury mechanism contributes to a
diverse range of associated injuries in the prominent ana-
tomical regions.

In our cohort, patients with humerus fractures, elbow
fractures/dislocations, and fractures of the olecranon, ulna,
radius, and hand often underwent surgical intervention.
In contrast, clavicle and scapula or glenoid fractures were
mainly managed conservatively. Consistent with our find-
ings, Briese et al. [17] noted a significant increase in the
surgical treatment rate with the injury's severity. The authors
reported that surgical treatment was frequently considered
for proximal humerus fractures and injured vessels, while
scapula and clavicle fractures were more often managed
conservatively.

The prolonged hospitalization can be attributed in part to
the higher proportion of associated injuries and complica-
tions in severely injured patients with UEIs in our cohort.
Similar results were observed by Zeelenberg et al. [25], who
reported longer hospital and ICU stays for patients with
UEISs due to the higher frequency of severe chest and abdom-
inal injuries. Therefore, severe head, chest, and abdominal
injuries seem to be a likely reason for the increased mortality
rate in patients with UEISs in our study.

Limitations

This study has several limitations due to its retrospective
design, which may lead to missing information and bias, and
its single-center focus, which may affect the generalizability
of the findings. Also, it lacks objective measurements for
functional outcomes, quality of life, and patient follow-ups.
Since the study exclusively involves hospitalized patients,
there is a possibility of overlooking UEF cases that were
treated and discharged from the emergency department,
potentially resulting in an underrepresentation of the epi-
demiological data. The terms UEIs and UEFs should not
be used mutually/ interchangeably as each may carry differ-
ent implications and ranges of damage. Therefore, we opted
to use UEFs rather than UEIs. More detailed information
regarding the location and potential risk factors of upper
extremity injuries is needed, which limits the examination
of various confounding factors in this analysis. Neverthe-
less, the large sample size and nationally representative
data contribute to the study’s value as a significant source
of information on the prevalence of hospitalized UEISs in our
region. The results may exhibit gender bias, as females were
presented in less than ten percent of the cases; however, this

@ Springer

accurately reflects the pattern of hospitalized trauma patients
in Qatar [14, 26].

In conclusion, most patients with upper extremity frac-
tures were young males, primarily injured in motor vehicle
crashes. The shoulder girdle, particularly clavicle and scap-
ula/glenoid fractures, emerged as common injury sites. The
study also highlighted the potential risk of pedestrian inju-
ries, as reflected in higher injury severity, concomitant inju-
ries, and higher mortality rates. Surgical interventions were
often required for specific fractures, emphasizing the com-
plexity of treatment decisions based on the type of injury.
Future studies are needed to optimize preventive measures
by incorporating insights from this study on specific injury
mechanisms and patterns of upper extremity injuries.
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