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Background. �is study investigates the e�ect of injury mechanism and energy on fracture patterns and distributions. Also, it
compares di�erences in bone fracture patterns based on injury mechanism, gender, and age.Methods.�ree thousand and sixty-
six admitted patients with bone fractures were reviewed retrospectively, and the fractures were analyzed regarding age, gender,
and mechanism of injury. Fractures were located in eleven bones. However, the forearm, hand, leg, and foot were considered one
bone, and the fracture was then subclassi�ed according to the anatomic position within each bone. Trauma energy was classi�ed
according to the mechanism of injury where simple falls were considered low-energy injury while falling from a height, road tra�c
accidents, bullet, and industrial injuries were considered high energy. Results. Males represented most of the patients, and most
injuries occurred in adults. However, the male patients were more prone to injuries than females across all age groups below �fty
years, women above �fty years were more frequent, and a third of females’ injuries occurred in the elderly. Simple falls represent
two-thirds of the trauma mechanism, and falling from a height and road tra�c accidents are the most common high-energy
injuries andmore prevalent in males. Scapular, clavicular, distal humerus, and shaft of long bones fractures weremore prevalent in
males. In contrast, females had a higher frequency of proximal humerus, proximal and distal femur, distal leg, and thoracic spine
fractures. Industrial injuries are more frequent in males; thus, hand injuries are more frequent. Pathological fractures were higher
in females, and spine and pelvic fractures were more associated with high-energy injuries. Conclusions. �e trauma’s energy
determines the bone injury’s extent and nature. Knowing the trauma mechanism is essential to expect the extent of injuries and
construct preventive measures accordingly.

1. Background

Trauma is the leading cause of death in individuals aged 1 to
44 [1]. In high-income countries, road tra�c injuries and
self-in�icted and violent injuries are the leading cause of
death in people 15–29 years old, while 75% of deaths occur
in men [2]. �e majority of injuries are preventable.
However, ninety percent of trauma-related deaths occur in
low- and middle-income countries, secondary to many
factors such as lack of prevention and immediate and quality
trauma care [3].

Traumatic events transfer the energy to the body from
an outside force, and increasing injury force increases the

energy that transfers to the body and results in more body
damage. Trauma may be blunt or penetrating in nature.
Some trauma combines multiple injuries; for example, blast
and mass casualty events may have combined blunt and
penetrating injuries and thermal and chemical injuries
[4, 5].

Trauma frequently causes bone injuries and contributes
to signi�cant mortality and morbidity. Fracture patterns and
associated injuries are attributed to many factors, such as the
age of patients, bone quality, and pre-existing bone pa-
thology. However, the mechanism of injury is the predis-
posing and most important factor for injury. �e kinetics of
energy, patient position, and available preventive measures
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affect the force that transfers to a certain body part and the
consequent injury pattern [6–10].

)is review investigates the effect of injury mechanisms
and energy on fracture patterns and distributions and also
compares differences in bone fracture patterns based on
injury mechanism, gender, and age.

2. Methods

)is retrospective study reviewed the clinical and radio-
logical records of all patients admitted with bone fractures to
the Royal Rehabilitation Center (RRC) at King Hussein
Medical City (KHMC) in Amman, capital of Jordan, from
July 2018 to December 2021.

In this study, we include (a) all RRC inpatients admitted
with bone fracture from all age groups from July 2018 to
December 2021, (b) patients who have a clear cause of the
mechanism of injury, and (c) patients who had available
radiographs on Picture Archiving and Communication
System. We excluded (a) all patients who were discharged
from the emergency department because their records were
lacking, (b) patients who were readmitted for reoperation
due to failure, infection, and nonunion, and (c) patients
whose mechanism of injury is not documented or clear in
their records. )erefore, we exclude mechanisms such as
sports injury and violence. We found that 3066 records out
of 3297 met the inclusion criteria and were enrolled in our
study.

Sociodemographic and clinical data were extracted from
patients’ records, and their radiographs were reviewed to
analyze fracture locations and patterns. )e patients’ age,
gender, mechanism of injury, type of fracture, and associated
injuries were obtained. Age groups were categorized as
follows: children (≤9 years), adolescents (10–18 years), adults
(19–70 years), where each decade represented a category till
70 years old, and elderly patients (≥71 years). Falling from
height, road traffic accidents, and bullet and industrial in-
juries were considered high-energy injuries, while simple
falls and falling from ground level were considered low-
energy injuries.

Fractures were classified into eleven bones where fore-
arm, leg, hand, and foot were considered one bone each.
Each bone is classified according to the anatomical location
into proximal, shaft, and distal for long bones and the spine
into cervical, thoracic, and lumber for spine fracture.
However, sacral and coccygeal fractures were allocated with
pelvic fractures because they are mostly associated with
pelvic injuries. Hand and foot were categorized into carpal
and tarsal, metacarpal, metatarsal, and phalangeal. Associ-
ated injuries such as neurovascular and open injuries were
analyzed with each fracture pattern.

2.1. Statistical Data Analysis. )e mean and standard de-
viation were used to describe the continuously measured
variables, and the frequency and percentages were used to
describe the categorically measured variables. )e Kolmo-
gorov–Smirnov statistical normality test and the histograms
were used to assess the statistical normality assumption for

the measured parameters. )e chi-squared test of inde-
pendence was used to assess the correlations between cat-
egorically measured variables. Continuity-corrected and
Likelihood Ratio corrected chi-squared tests of indepen-
dence were used where statistical assumptions were violated
for 2∗2 or higher contingency tables, respectively.

)e independent samples t-test was used to assess the
statistical mean differences in metric variables across the
levels of binary categorical variables. )e One-way ANOVA
test was used to assess the statistical mean differences in
metric variables across the levels of more than two cate-
gorical measured variables. Welch’s adjusted ANOVA was
employed for One-way ANOVA tests with unequal
variances.

)e Multivariate Binary Logistic Regression was used to
assess the statistical significance of the impact of key relevant
measured independent predictor variables on patients’ odds
of presenting with complicated and severe bone injury upon
presenting to the hospital, and the association between the
tested factors with the analyzed outcomes was expressed as
an Odds Ratios (OR) with their associated 95% confidence
intervals. )e SPSS IBM V21 statistical data analysis pro-
gram was used for the data analysis. )e alpha significance
level was considered at 0.050 level.

3. Results

)ree thousand and sixty-six medical records for patients
admitted to the Royal Rehabilitation Center with bone
fractures were reviewed retrospectively. Males represented
most of the patients (59.1%). )e mean age for the patients
was equal to 42.15± 26.69 years. However, the mean age for
male patients (36.04± 24.45) was younger than for females
(51.06± 27.61).)e majority of the patients were in the adult
group, representing 52.5%. Children and adolescents rep-
resented 15.6% and 10.5%, respectively, while the elderly
formed 21.4% of the sample. However, the male patients
were significantly more prone to injuries than females across
all age groups below fifty years, but women above fifty years
were significantly more prone to injuries than males.
Around a third of females’ injuries occurred in the elderly
(Table 1; Figure 1).

Most injuries were low-energy injuries caused by simple
falls, representing 68.6%. )e most common mechanism for
high-energy injuries was falls from height, representing
16.5%, followed by road traffic accidents, which accounted
for 12.7%. However, males were more prone to high-energy
fractures within all injury mechanisms than females.

Most fractures occurred in the lower limb (45.4%),
followed by upper limb fractures (33.4). Spine and pelvic
fractures accounted for 16.2% and 5%, respectively. Long
bone fractures and spine were the most common cause of
orthopedic hospitalization, and the femur accounted for
around a quarter of admissions (24.1%). )e proximal fe-
mur, distal humerus, lumbar spine, and distal leg were the
leading causes of hospitalizations. However, hand and foot
accounted for 3.7% and 4.8% of admissions. )e scapula
(0.3%) and the patella (0.8%) were the least frequent frac-
tures (Table 2). Male patients were significantly more
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predicted for scapular, clavicular, distal humerus, the shaft of
the long bones, and hand phalangeal and tarsal bone frac-
tures. On the other hand, the female patients were signifi-
cantly more predicted for the proximal humerus, proximal
and distal femur, distal leg, and thoracic spine fractures.

Compound fractures at presentation accounted for
5.97%, and 1.57% of fractures were associated with vascular
injuries that mandated vascular surgeon interventions.
However, pathology was found in 3.1%, and neurological
injuries at presentation accounted for 2.1%. Male patients
were also more significantly predicted for associated neu-
rovascular injuries and compound fractures. In contrast,
pathological fractures were more frequent in female patients
(Table 3).

Table 4 revealed the association between patients’ age
and associated injuries with injury mechanisms. When
comparing the mean age according to the different

mechanisms of injury, there were meaningful differences.
)e patients’ injuries caused by simple falls were the most
responsible mechanism in elderly patients and children.
However, high-energymechanisms were blamed on younger
patients. Patients aged 19–30 years were significantly more
predicted for falls from height, gunshots, and RTA, but
people aged 41–50 years were also significantly more pre-
dicted to have industrial injuries (Figure 2). )e associated
neurovascular and compound fractures were significantly
more predominant with gunshots, industrial, and RTA’s
injuries. Nevertheless, pathological fractures were caused
mainly by simple falls.

Additionally, the affected body region correlated sig-
nificantly with the mechanism of injury; pelvic fractures
were more predominant in RTA, while spine fractures were
more significant with falls from height and RTAs. Gunshot
injuries predominantly affected the lower limbs, while

Table 1: Bivariate comparison between male and female bone injury patients, n� 3066.

Total Female Male Test statistic p-value
Frequency 3066 (100) 1254 (40.9) 1812 (59.1)
Age (years), mean (SD) 42.15 (26.69) 51.06 (27.61) 36.04 (24.45) t (3046)� 15.85 <0.001
Age groups
Children (≤9 years) 478 (15.6) 168 (13.4) 310 (17.1)

χ2(7)� 391.9 <0.001

Adolescent (10–18 years) 321 (10.5) 102 (8.1) 219 (12.1)
Adult 1611 (52.5) 575 (45.9) 1036 (57.2)
19–30 years 399 (13) 73 (5.8) 326 (18)
31–40 years 355 (11.6) 74 (5.9) 281 (15.5)
41–50 years 276 (9) 86 (6.9) 190 (10.5)
51–60 years 292 (9.5) 147 (11.7) 145 (8)
61–70 years 289 (9.4) 195 (15.6) 94 (5.2)
Elderly (≥71 years) 656 (21.4) 409 (32.6) 247 (13.6)

Fracture injury energy
Low energy 2102 (68.6) 1026 (81.8) 1076 (59.4) χ2(1)� 173.1 <0.001High energy 964 (31.4) 228 (18.2) 736 (40.6)

Mechanism of fracture
Falls from height 507 (16.5) 151 (12) 356 (19.6)

χ2(4)� 196.40 <0.001
Gunshot 30 (1) 2 (0.2) 28 (1.5)
Industrial 38 (1.2) 0 38 (2.1)
RTA 389 (12.7) 75 (6) 314 (17.3)
Simple falls 2102 (68.6) 1026 (81.8) 1076 (59.4)
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Figure 1: Comparison between males and females’ bone injury frequency across age groups.
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industrial injuries were frequently noticed in upper limb
injuries, particularly hand fractures. Left limbs were injured
more frequently with gunshot mechanisms and simple falls.
Yet, axial body fractures weremore predicted from falls from
height.

Scapular and clavicular fractures were significantly more
prevalent among patients’ injuries caused by falls from
height and RTAs. Most distal humerus fractures were caused
by the low-energy mechanism, simple falls. However,
proximal and distal femur were mostly caused by simple
falls, while femoral shaft fractures were more prevalent with
RTA’s mechanism. Similarly, proximal leg and leg shaft

fractures were significantly more predicted among patients
with falls from height, RTAs, and gunshots. In contrast,
distal leg fractures were caused mainly by simple falls
(Table 5).

Injury energy was analyzed within the same gender to
compare the difference between high and low energy. Pa-
tients who endured high-energy injuries were significantly
younger than those who endured low-energy injuries in both
genders. More than two-thirds of high-energy injuries in
males were located within 19–50 years. Similarly, female
patients aged 10–30 years were more predicted to have high-
energy injuries (Figure 3; Table 6).

Table 2: Bivariate comparison between male and female bone injury patients.

Total Female Male Test statistic p-value
Upper limb 1024 (33.4) 318 (25.4) 706 (39)
Scapula 17 (0.3) 2 (0.2) 15 (0.8) χ2(1)� 6.03 0.014
Clavicle 34 (1.1) 6 (0.5) 28 (1.5) χ2(1)� 7.69 0.006
Humerus 515 (16.8) 200 (15.4) 315 (17.4)
Proximal 86 (2.8) 47 (3.7) 39 (2.2) χ2(1)� 6.92 0.009
Shaft 41 (1.3) 12 (1) 29 (1.6) χ2(1)� 2.33 0.127
Distal 388 (12.7) 141 (11.2) 247 (13.6) χ2(1)� 3.82 0.051

Forearm 342 (10.6) 96 (7.7) 246 (13.8)
Proximal 47 (1.5) 16 (1.3) 31 (1.7) χ2(1)� 0.929 0.335
Shaft 123 (4) 24 (1.9) 99 (5.5) χ2(1)� 24.30 <0.001
Distal 172 (5.6) 56 (4.5) 116 (6.4) χ2(1)� 5.25 0.022

Hand 116 (3.7) 14 (1.1) 102 (5.6)
Carpal 16 (0.5) 2 (0.2) 14 (0.8) χ2(1)� 5.37 0.021
Metacarpal 28 (0.9) 6 (0.5) 22 (1.2) χ2(1)� 4.43 0.035
Phalangeal 72 (2.3) 6 (0.5) 66 (3.6) χ2(1)� 32.4 <0.001

Lower limb 1391 (45.4) 640 (51) 751 (41.4)
Femur 740 (24.1) 388 (30.9) 352 (19.4)
Proximal 557 (18.2) 303 (24.2) 254 (14) χ2(1)� 51.4 <0.001
Shaft 118 (3.8) 45 (3.6) 73 (4) χ2(1)� 0.39 0.533
Distal 65 (2.1) 40 (3.2) 25 (1.4) χ2(1)� 11.72 0.001

Patellar 25 (0.8) 14 (1.1) 11 (0.6) χ2(1)� 2.37 0.123
Leg 482 (15.7) 195 (15.6) 287 (15.8)

Proximal 76 (2.5) 21 (1.7) 55 (3) χ2(1)� 5.68 0.017
Shaft 102 (3.3) 27 (2.2) 75 (4.1) χ2(1)� 9.10 0.003
Distal 304 (9.9) 147 (11.7) 157 (8.7) χ2(1)� 7.76 0.005

Foot 144 (4.8) 43 (3.4) 101 (5.6)
Tarsal 94 (3.1) 26 (2.1) 68 (3.8) χ2(1)� 7.03 0.008
Metatarsal 33 (1.1) 12 (1) 21 (1.2) χ2(1)� 0.30 0.594
Phalangeal 17 (0.6) 5 (0.4) 12 (0.7) χ2(1)� 0.923 0.334

Spine 498 (16.2) 238 (19) 260 (14.3)
Cervical 9 (0.3) 1 (0.1) 8 (0.4) χ2(1)� 3.314 0.069
)oracic 174 (5.7) 94 (7.5) 80 (4.4) χ2(1)� 13.14 <0.001
Lumbar 315 (10.3) 143 (11.4) 172 (9.5) χ2(1)� 2.93 0.087

Pelvis 153 (5) 58 (4.6) 95 (5.2) χ2(1)� 0.59 0.44

Table 3: Fracture-associated injuries at the time of presentation, n� 347.

Injury Frequency Females Males Test statistic p-value
Open fracture 183 (5.97%) 24 (1.9) 159 (8.8) χ2(1)� 62.16 <0.001
Pathological fracture 94 (3.1%) 68 (5.4) 26 (1.4) χ2(1)� 39.66 <0.001
Vascular injury 48 (1.57%) 10 (0.8) 38 (2.1) χ2(1)� 8.12 0.004
Neurological injury 63 (2.1%) 12 (1) 48 (2.6) χ2(1)� 11.10 0.001
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Fracture patterns were analyzed within gender; fractures
were compared within the low- and high-energy categories
separately and emphasized the previous results (Table 7).
Males in low-energy injuries were significantly younger than
females; on the other hand, in high-energy injuries, there
was no difference in mean age between both genders, and the
patients were younger than the low-energy group.

Also, upper and lower limbs were affected equally in males,
while the lower limb fractures were more predominant in fe-
males (Figure 4). Male patients were significantly more pre-
dicted for the distal humerus, forearm shaft, and hand
phalanges. However, females with low-energy injuries were
more prone to proximal and distal femur and spine fractures
than males (Figure 5). Pathological fractures were more com-
mon in females, and open fractures were commoner in males.

Fracture patterns in high-energy injuries were compa-
rable in both genders. However, males had a higher

frequency of hand phalangeal fractures, while females had
higher thoracic spine fractures. Furthermore, fracture-as-
sociated injuries, mainly compound and vascular injuries,
were more frequent in males (Figure 6).

Forty-seven patients were admitted with joint disloca-
tion. Hip dislocation was the most frequent (19 patients with
a frequency of 40.4%); two patients had associated sciatic
nerve palsy. Ankle dislocation was the second most frequent
(10 patients, 21.3%), and four had open dislocation. Elbow
dislocation was the third joint dislocation (8 patients, 17%),
and three had an open dislocation (Table 8).

4. Discussion

In trauma, physics principles are essential in determining
injuries. )e load velocity applied to the body determines
damage (force�mass × acceleration). If the object causing

Table 4: Bivariate association between patients’ age and associated injuries with injury mechanism.

Falls from height Gunshot Industrial RTA Simple falls Test statistic p-value
Age (years), mean (SD) 32.24 (17.99) 30.1 (10.75) 40.5 (13.63) 32.25 (14.82) 46.62 (29.36) f (4, 134.31)� 76.2 <0.001
Age groups (years)
Children (≤9) 55 (10.8) 2 (6.7) 0 22 (5.7) 399 (19)

χ2(28)� 983.9 <0.001

Adolescent (10–18) 88 (17.4) 0 3 (7.9) 33 (8.5) 197 (9.4)
Adults 358 (70.6) 28 (93.3) 35 (92.1) 323 (83) 867 (41.2)
19–30 102 (20.1) 16 (53.3) 6 (15.8) 145 (37.3) 130 (6.2)
31–40 95 (18.7) 9 (30) 8 (21.1) 100 (25.7) 143 (6.8)
41–50 73 (14.4) 2 (6.7) 13 (34.2) 53 (13.6) 135 (6.4)
51–60 58 (11.4) 1 (3.3) 5 (13.2) 21 (5.4) 207 (9.8)
61–70 30 (5.9) 0 3 (7.9) 4 (1) 252 (12)
Elderly (≥71) 6 (1.2) 0 0 11 (2.8) 639 (30.4)

Associated injuries χ2(2)� 5.62 <0.001
Open fracture 25 (4.9) 27 (90) 37 (97.4) 56 (14.4) 38 (1.8) χ2(4)� 457.6 <0.001
Pathological fracture 0 0 0 0 94 (4.5) χ2(4)� 457.6 <0.001
Vascular injury 4 (0.8) 2 (6.7) 7 (18.4) 5 (1.3) 30 (1.4) χ2(4)� 28.60 <0.001
Neurological injury 13 (2.6) 3 (10) 7 (18.4) 22 (5.7) 15 (0.7) χ2(4)� 66.85 <0.001

Dexterity χ2(1)� 0.112 <0.001
Left 172 (33.9) 19 (63.3) 21 (55.3) 101 (26) 993 (47.2)

χ2(8)� 281.9 <0.001Right 148 (29.2) 11 (36.7) 17 (44.7) 123 (31.6) 824 (39.2)
Axial 187 (36.9) 0 0 165 (42.4) 285 (13.6)

∗Numbers within brackets in age group and dexterity categories represent the percentages within the same category.
∗∗Numbers within brackets in the associated injury category represent the overall percentage within the injury mechanism.
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Figure 2: Comparison between high- versus low-energy injuries across age groups.
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the trauma is deformable, the time to impact increases, and
consequently, the damage increases. In case both objects
move, such as in motor vehicle collisions, kinetic energy
transferred is additive, 1/2 mass × velocity2 [11–14].

In motor vehicle collisions, injury patterns vary
according to the side of impact. Frontal impact collisions can
cause knee, thigh, and hip injuries. Position of femur
weather adducted and abducted affects the force vector and

Table 5: Bivariate association between bone fractures with injury mechanism.

Falls from height Gunshot Industrial RTA Simple falls Test statistic p-value
Upper limb 133 (26.2) 11 (36.7) 29 (76.3) 83 (21.3) 768 (36.5) χ2(12)� 311.23 <0.001
Scapula 6 (1.2) 0 0 10 (2.6) 1 (0.01) χ2(4)� 35.10 <0.001
Clavicle 11 (2.2) 0 0 14 (3.6) 9 (0.4) χ2(4)� 31.01 <0.001
Humerus
Proximal 9 (1.8) 1 (3.3) 0 8 (2.1) 68 (3.2) χ2(4)� 6.70 0.153
Shaft 5 (1) 0 0 13 (3.3) 23 (1.1) χ2(4)� 11.7 0.019
Distal 41 (8.1) 0 0 6 (1.5) 341 (16.2) χ2(4)� 118.17 <0.001

Forearm
Proximal 8 (1.6) 0 0 5 (1.3) 34 (1.6) χ2(4)� 2.37 0.668
Shaft 17 (3.4) 3 (10) 1 (2.6) 10 (2.6) 92 (4.4) χ2(4)� 5.90 0.205
Distal 31 (6.1) 0 0 8 (2.1) 133 (6.3) χ2(4)� 22.16 <0.001

Hand
Carpal 2 (0.4) 0 4 (10.5) 2 (0.5) 8 (0.4) χ2(4)� 18.21 0.001
Metacarpal 2 (0.4) 4 (13.3) 4 (10.5) 3 (0.8) 15 (0.7) χ2(4)� 30.11 <0.001
Phalangeal 1 (0.2) 3 (10) 20 (52.6) 4 (1) 44 (2.1) χ2(4)� 124.1 <0.001

Lower limb 185 (36.5) 19 (63.3) 9 (23.7) 137 (35.2) 1041 (49.5) χ2(12)� 311.23 <0.001
Femur
Proximal 15 (3) 0 0 7 (1.8) 535 (15.4) χ2(4)� 239.11 <0.001
Shaft 16 (3.2) 2 (6.7) 0 28 (7.2) 72 (3.4) χ2(4)� 14.73 <0.001
Distal 4 (0.8) 2 (6.7) 0 7 (1.8) 52 (2.5) χ2(4)� 10.64 0.031

Patellar 3 (0.6) 0 0 4 (1) 18 (0.9) χ2(4)� 1.70 0.79
Leg
Proximal 23 (4.5) 4 (13.3) 1 (2.6) 13 (3.3) 35 (1.7) χ2(4)� 22.16 <0.001
Shaft 19 (3.7) 3 (10) 5 (13.2) 24 (6.2) 51 (2.4) χ2(4)� 23.40 <0.001
Distal 41 (8.1) 4 (13.3) 0 38 (9.8) 221 (10.5) χ2(4)� 11.14 0.025

Foot
Tarsal 53 (10.5) 1 (3.3) 1 (2.6) 14 (3.6) 25 (1.2) χ2(4)� 90.73 <0.001
Metatarsal 11 (2.2) 0 1 (2.6) 1 (0.3) 20 (1) χ2(4)� 9.51 0.049
Phalangeal 0 3 (10) 1 (2.6) 1 (0.3) 12 (0.6) χ2(4)� 19.95 0.001

Spine 141 (27.8) 0 0 111 (28.5) 246 (11.7) χ2(12)� 311.23 <0.001
Cervical 1 (0.2) 0 0 8 (2.1) 0 χ2(4)� 30.50 <0.001
)oracic 51 (10.1) 0 0 38 (9.8) 85 (4) χ2(4)� 44.61 <0.001
Lumbar 89 (17.6) 0 0 65 (16.7) 161 (7.7) χ2(4)� 71.30 <0.001

Pelvis 48 (9.5) 0 0 58 (14.9) 58 (14.9) χ2(4)� 120.1 <0.001
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Figure 3: Fracture frequency according to injury energy across age groups.
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Table 6: Bivariate analysis between genders and age groups according to low- and high-energy injuries, n� 3066.

Males Females
Low energy High energy Test statistic p-value Low energy High energy Test statistic p-value

Age (years), mean (SD) 38.18 (28.56) 32.92 (15.43) t (1810)� 4.52 <0.001 55.48 (27.21) 31.18 (19.5) t(1252)� 12.77 <0.001
Age groups
Children (≤9) 257 (23.9) 53 (7.2)

χ2(7)� 423.70 <0.001

142 (13.8) 26 (11.4)

χ2(7)� 315.4 <0.001

Adolescent (10–18) 148 (13.8) 71 (9.6) 49 (4.8) 53 (23.2)
Adults 437 (40.6) 601 (81.7) 432 (42.1) 143 (62.7)
19–30 years 106 (9.9) 220 (29.9) 24 (2.3) 49 (21.5)
31–40 years 94 (8.7) 187 (25.4) 49 (4.8) 25 (11)
41–50 years 78 (7.2) 112 (15.2) 57 (5.6) 29 (12.7)
51–60 years 86 (8) 59 (8) 121 (11.8) 26 (11.4)
61–70 years 71 (6.6) 23 (3.1) 181 (17.6) 14 (6.1)
Elderly (≥71) 236 (21.9) 11 (1.5) 403 (39.3) 6 (2.6)

Associated injuries
Open fracture 29 (2.7) 130 (17.7) χ2(1)� 122.32 <0.001 9 (0.9) 15 (6.6) χ2(1)� 29.34 <0.001
Pathological fracture 26 (2.4) 0 χ2(1)� 18.04 <0.001 68 (6.6) 0 χ2(1)� 15.98 <0.001
Vascular injury 20 (1.9) 18 (2.4) χ2(1)� 0.733 0.392 10 (1) 0 χ2(1)� 1.18 0.278
Neurological injury 9 (0.8) 39 (5.3) χ2(1)� 33.75 <0.001 6 (0.6) 6 (2.6) χ2(1)� 6.23 0.013

Table 7: Bivariate analysis between both genders’ bone fractures in low- and high-energy injuries, n� 3066.

Males Females
Low energy High energy Test statistic p-value Low energy High energy Test statistic p-value

Upper limb 492 (45.7) 214 (29.1) χ2(3)� 197.60 <0.001 276 (26.9) 42 (18.4) χ2(3)� 71.31 <0.001
Scapula 1 (0.1) 14 (1.9) χ2(1)� 17.43 <0.001 0 2 (0.9) χ2(1)� 4.35 0.037
Clavicle 5 (0.5) 23 (3.1) χ2(1)� 20.30 <0.001 4 (0.4) 2 (0.9) χ2(1)� 0.93 0.335
Humerus
Proximal 28 (2.6) 11 (1.5) χ2(1)� 2.55 0.111 40 (3.9) 7 (3.1) χ2(1)� 0.355 0.551
Shaft 12 (1.1) 17 (2.3) χ2(1)� 3.96 0.047 11 (1.1) 1 (0.4) χ2(1)� 0.30 0.608
Distal 214 (19.9) 33 (4.5) χ2(1)� 88.10 <0.001 127 (12.4) 14 (6.1) χ2(1)� 7.27 0.007

Forearm
Proximal 19 (1.8) 12 (1.6) χ2(1)� 0.050 0.827 15 (1.5) 1 (0.4) χ2(1)� 0.845 0.358
Shaft 75 (7) 24 (3.3) χ2(1)� 11.64 0.001 17 (1.7) 7 (3.1) χ2(1)� 1303 0.254
Distal 82 (7.6) 34 (4.6) χ2(1)� 6.57 0.01 51 (5) 5 (2.2) χ2(1)� 3.37 0.066

Hand
Carpal 7 (0.7) 7 (1) χ2(1)� 0.520 0.473 1 (0.1) 1 (0.4) χ2(1)� 0.100 0.802
Metacarpal 11 (1) 11 (1.5) χ2(1)� 0.813 0.367 4 (0.4) 2 (0.9) χ2(1)� 0.19 0.664
Phalangeal 38 (3.5) 28 (3.8) χ2(1)� 0.09 0.761 6 (0.6) 0 χ2(1)� 0.40 0.531

Lower limb 487 (45.3) 264 (35.9) χ2(3)� 197.60 <0.001 554 (54) 86 (37.7) χ2(3)� 71.31 <0.001
Femur
Proximal 238 (22.1) 16 (2.2) χ2(1)� 144.30 <0.001 297 (28.9) 6 (2.6) χ2(1)� 70.5 <0.001
Shaft 36 (3.3) 37 (5) χ2(1)� 3.20 0.074 36 (3.5) 9 (3.9) χ2(1)� 0.104 0.747
Distal 14 (1.3) 11 (1.5) χ2(1)� 0.120 0.729 38 (3.7) 2 (0.9) χ2(1)� 4.82 0.028

Patella 5 (0.5) 6 (0.8) χ2(1)� 0.890 0.345 13 (1.3) 1 (0.4) χ2(1)� 0.531 0.466
Leg
Proximal 21 (2) 34 (4.6) χ2(1)� 10.57 0.001 14 (1.4) 7 (3.1) χ2(1)� 2.34 0.126
Shaft 35 (3.3) 40 (5.4) χ2(1)� 5.24 0.022 16 (1.6) 11 (4.8) χ2(1)� 7.95 0.005
Distal 99 (9.2) 58 (7.9) χ2(1)� 0.963 0.327 122 (11.9) 25 (11) χ2(1)� 0.155 0.694

Foot
Tarsal 17 (1.6) 51 (6.9) χ2(1)� 34.63 <0.001 8 (0.8) 18 (7.9) χ2(1)� 43.1 <0.001
Metatarsal 13 (1.2) 8 (1.1) χ2(1)� 0.100 0.813 7 (0.7) 5 (2.2) χ2(1)� 3.04 0.081
Phalangeal 9 (0.8) 3 (0.4) χ2(1)� 1.22 0.269 3 (0.3) 2 (0.9) χ2(1)� 0.50 0.492

Spine 81 (7.5) 179 (24.3) χ2(1)� 75.22 <0.001 165 (16.1) 73 (32) χ2(1)� 32.90 <0.001
Cervical 0 8 (1.1) χ2(1)� 9.41 0.002 0 1 χ2(1)� 0.68 0.409
)oracic 22 (2) 58 (7.9) χ2(1)� 35.30 <0.001 63 (6.1) 31 (13.6) χ2(1)� 14.96 <0.001
Lumbar 59 (5.5) 113 (15.4) χ2(1)� 49.57 <0.001 102 (9.9) 41 (18) χ2(1)� 11.94 0.001

Pelvis 16 (1.5) 79 (10.7) χ2(1)� 75.22 <0.001 31 (3) 27 (11.8) χ2(1)� 32.90 <0.001
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Figure 4: Fracture frequency according to injury energy according to the anatomical region of the body.
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Figure 5: Fractures distributions according to gender and injury energy.
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determines the acetabular fracture pattern and associated
hip dislocation. Side impact collisions may result in pelvic
fracture [15]. Additionally, spine fracture occurs especially
in the cervical region with acceleration-deceleration injuries,
which cause whiplash-associated disorders [16, 17]. Mo-
torcycle crashes may result in open-book pelvic fracture
secondary to the pelvis striking the handlebars.

Injuries to a pedestrian struck by a vehicle depend on the
age and height of the individual. Short adults may develop
femur fractures, while taller individuals may develop tibia
fractures. )e victim may be thrown away, causing ex-
tremity, pelvic, head, and neck injuries. Larger vehicles strike
at a higher site causing injuries to the pelvis, abdomen, or
chest [18–20].

Falls are more prevalent in children and the elderly.
Injuries are determined by the mechanism of fall and
landing position. Intentional falls mandated psychiatric
support as well. Simple falls from the ground level affect
mainly elderly individuals secondary to bone fragility, where
hip fractures are frequent injuries. Falling from height leads
to axial loading and causes severe injuries, and if the victim
landed on the feet, this may result in calcaneus and long
bone and spine fractures [21–23].

Penetrating injuries cause injuries along the pathway of
the object. Injuries are determined by the object’s velocity,
size, and location of the injury. Bullets cause injuries not just
by penetrating the body; they also cause thermal, shock
waves, and cavitation injuries, especially with high-velocity
weapons. )e path of the bullet is not necessarily straight,
and therefore the path of the bullet needs exploration.
Stabbing injuries are low-velocity injuries, and the injury
occurs along the path of entry. Penetrating injuries result in
open injuries with direct communication of underlying
injuries with the external environment, which predisposes to
infection [24, 25].

Falls are the leading cause of emergency department
visits and admissions [26]. Trauma remains the leading
cause of death for children over one year and the second
cause for children under ten years. Motor vehicle collision is
the leading cause of injuries in children. A child’s body does
not fit the seat belt; therefore, a car seat is essential for a child
younger than eight years. Toddlers are prone to falls sec-
ondary to awkward gait and large heads [27, 28].

Bergh et al. studied 27,169 fractures over four years in the
catchment area in Sweden. )e five most common fractures
accounted for more than 50% of all fractures: distal radius,
proximal femur, ankle, proximal humerus, and metacarpal
fractures. 9.2% of the registered fractures were caused by
high-energy trauma, and the proportions of open fractures

were 2.3% for all fractures [29]. Because Bergh includes all
the fractures in the Swedish Fracture Register for patients
older than 16 years, this explains the difference in values in
our study, as we assessed hospitalized fractures in all age
groups. And many fractures in the distal radius, proximal
humerus, andmetacarpal fractures were discharged from the
trauma unit and not calculated. High-energy fractures in our
study represented 31.4% of all injury mechanisms because
most discharge fractures are believed to be due to low en-
ergy. )erefore, the high-energy injuries represented a high
percentage in the study sample. )e incidence of open
fracture in our study is higher (5.97%) for the same reason.

Traffic accidents are a leading cause of hospitalizations
for injuries worldwide [30]. In addition, according to the
World Health Report 2010, traffic accidents were identified
as the ninth leading cause of disability for all age and gender
categories. Most mortality from RTA occurs in developing
countries due to a lack of safety measures [31].

However, in our review, road traffic accidents accounted
for 11.5% of hospitalizations for fractures, a much lower
than the actual incidence since only isolated bone injuries
are admitted to the orthopedic department of our institute.
In contrast, those associated with other injuries and multiple
fractures are often admitted to trauma and surgical wards
and not counted. Furthermore, grouping all traffic accidents
into a single category prevents their analysis and the con-
struction of preventive measures to minimize these injuries.

Airaksinena et al. analyzed data from patients with se-
vere traffic accidents aged ≥16 years from the Helsinki
Trauma Registry in Finland covering the years 2009–2018;
38.6% were occupants of motor vehicles, 28.5% were mo-
torcyclists or moped riders, 17.2% were cyclists, and 15.7%
pedestrians. Seriously injured pedestrians and cyclists were
older and had a higher mortality rate than motorcyclists and
motor vehicle occupants. Overall injury severity was the
highest among pedestrians, followed by cyclists [32].
Mansuri et al. conducted a systematic review of all articles
published on road accidents in Saudi Arabia over the last 25
years. Traffic accidents are the leading cause of admissions
due to injuries, with the male and young age groups being
the most affected. Excessive speeding was the most common
cause of RTA [33].

Fractures are associated with morbidities other than
musculoskeletal sequelae. For example, pelvic fractures are
high-energy injuries associated with sexual dysfunction.
Rovere et al. conducted a systematic review to assess sexual
dysfunction associated with pelvic ring injuries and found
that the incidence of sexual dysfunction was related to the
type of pelvic ring fracture. Patients with anterior and
posterior compression-type and vertical shear-type fracture
patterns reported a higher incidence and severity of sexual
dysfunction. However, only a weak association was found
between genitourinary injuries, the occurrence and severity
of sexual dysfunction, and the association between surgical
treatment and sexual dysfunction [34].

Our review aimed to study fracture patterns and dis-
tributions based on injury energy between genders and age
groups. However, we included patients admitted to ortho-
pedic wards with bone fractures needing surgical fixation or

Table 8: Joint dislocation distribution, n� 47 patients.

Frequency Percentage
Hip dislocation 19 40.4
Ankle dislocation 10 21.3
Elbow dislocation 8 17
Shoulder dislocation 5 10.6
Perilunate dislocation 4 8.5
Acromioclavicular dislocation 1 2.1
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observation, while patients discharged from the emergency
department or treated as outpatients were not counted.
)erefore, the actual incidence of all fractures was not
evaluated, and those outpatient-treated fractures are be-
lieved to be secondary to low-energy injury and not included
in the analysis. Accordingly, our analysis might be biased
toward high-energy injuries. However, we believe that this
analysis is important to better understand the effect of injury
mechanisms on fracture patterns and distributions within
different age groups and genders.

Males represented the majority of admitted patients with
bone fractures (59.1%). )e mean age for male patients is
lower than for females in low-energy injuries. However,
there were no gender differences in the mean age in high-
energy injuries; this may be explained that, in high-energy
injuries, the main factor determining the fracture patterns
and distribution is the mechanism of injuries, while in the
case of low-energy injuries, bone quality plays an important
factor. However, women are more prone to osteoporosis
than men and at higher risk for fragility fractures [35, 36].
Males had a higher prevalence of high-energy injuries from
all mechanisms; falling from height and road traffic acci-
dents were the most frequent. )e upper and lower limbs
were affected equally in low-energy injuries, while the lower
limbs were more frequent in high-energy injuries. Com-
pound fractures and neurovascular injuries were higher in
males, secondary to higher high-energy injuries. Compa-
rably, high-energy mechanisms blamed for scapular, cla-
vicular, distal humerus, and the shaft of the femur, leg, and
humerus fractures were more prevalent. Industrial injuries
are more frequent in males, and thus, hand injuries are more
frequent. Tarsal fractures were more frequent in males too.

Females older than fifty years were more prone to
fractures than males, and more than two-thirds of admitted
female patients were older than 50 years. More than 80% of
injuries in females were caused by simple falls, and the
prevalence of pathological fractures was higher in females.
Females were less likely to be exposed to high-energy injuries
because they were less likely to work in manual labor and
industrial work and less likely to be involved in road traffic
accidents. Lower limbs were more likely to be injured in
females, and proximal humerus, proximal and distal femur,
distal leg, and thoracic spine injuries were the most frequent
injuries.

Simple falls were the most common injury mechanism.
However, the actual prevalence is expected to be higher
because patients treated as outpatients were not included.
Lower limbs were more frequent than upper limbs, and
simple falls were the most blamed mechanism in children
and elderly patients. Low-energy mechanisms cause frac-
tures in the distal humerus, proximal and distal femur, and
distal leg.

Falls from height were the most common high-energy
injury mechanism, followed by road traffic accidents. Male
are more likely to be injured because they are more prone to
road traffic accidents and are exposed to manual labor and
industrial injuries. Spine and pelvic fractures are high-en-
ergy injuries caused mainly by falling from height and road
traffic accidents. Scapula and long bone fractures were

caused mainly by high-energy injuries. Cervical spine in-
juries are high-energy injuries. However, the prevalence of
cervical fractures was not represented accurately in our
study because cervical spine fractures in our institute are
admitted to the neurosurgery department. )ose counted in
our study were associated with other injuries and admitted
to the orthopedic department.

Similarly, joint dislocations in our review represented
1.5% of all admitted patients; this is lower than expected
because most cases were treated as outpatients and not
counted. In a regional review from Tehran by Nabian et al.,
joint dislocation represented 3.3% of musculoskeletal in-
juries [37].

In 2020, the world took strict measures to enforce social
distancing to contain the spread of the COVID-19 virus.
)ese include transport restrictions, working from home,
and the closure of industries and many facilities. )erefore,
this is reflected in the decrease in injuries in general, mainly
traffic and industrial injuries. In 2021, trauma admissions
increased mainly due to traffic accidents as many COVID-
19-related restrictions were lifted. Al Rousan et al. conducted
a study at our institute to measure the impact of social
distancing on geriatric hip fractures in the Jordanian pop-
ulation during the COVID-19 pandemic. A decrease in the
total number of trauma patients and an increase in geriatric
hip fractures were noted due to the inability of caregivers to
reach the geriatric relative.)erefore, older people are forced
to be more dependent, which increases the risk of falling
[38]. We are conducting a comparative study to assess the
effect of COVID-19 on fracture patterns and mechanisms
during COVID-19 and the year preceding and following.
However, we are awaiting the data for 2022.

4.1. Limitation of the Study. )e retrospective design and the
lack of adequate documentation of the mechanism of injury
preclude a detailed analysis of the etiology. Grouping the
mechanism of injury into broad categories, such as simple
falls and falls from a height, makes it difficult to identify the
exact causes of the injury and establish future preventive
measures. Furthermore, classifying bone into regional
anatomies prevents detailed analysis of each fracture alone.

)is study included patients hospitalized in orthopedic
units, while patients discharged from the emergency de-
partment or treated as outpatients were not counted.
)erefore, the actual incidence of all fractures was not
evaluated, and those outpatient-treated fractures are be-
lieved to be secondary to low-energy injury and not included
in the analysis. Consequently, our analysis could be biased
toward high-energy injuries.

5. Conclusions

Many factors contribute to musculoskeletal injury patterns;
these include patients’ age, bone quality, and injury
mechanism. However, the trauma’s energy determines the
bone injury’s extent and nature. Simple falls are the most
common injury mechanism in both genders, while males are
more prone to high-energy fractures. Each injury
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mechanism contributes to specific fracture patterns in each
gender. )erefore, knowing the trauma mechanism is es-
sential to expect the extent of injuries and plan preventive
measures accordingly.
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