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Abstract
Introduction: Amputations from trauma can lead to disability and pose a challenge for health care services. This study hopes to shed light

on the trend, the changes, outcomes, and factors associated with trauma leading to amputations in Shiraz, Iran.

Method: A cross-sectional study was conducted to assess patients who experience amputations due to trauma in Shiraz from 2017 to
2023. The sampling method consisted of patients hospitalized at Shahid Rajaee Hospital in Shiraz. We included participants who were
hospitalized for traumatic amputations. Outpatients, follow-up cases, and non-trauma-related amputations were excluded from the
analysis. Data collection included variables such as admission year, gender, age, and level of amputation.

Result: 435 patients were included, and 92.2% were males. The average age of patients was 36.1 years, and the majority of patients
(88.8%) underwent minor amputations. Amputation was most common among motorcycle riders (47.5%), while traffic accidents and
lower limb injuries significantly contributed to major amputations, accounting for 21.9% and 51.3% of cases, respectively. The average
hospital stay was 5 days. The majority of patients stayed over two days. Upper limb injuries and amputations had a significant association
(p <0.001), as well as contact with a blunt object and amputation (p = 0.002). The presence of many injuries was associated with shorter
stays in a hospital (p = 0.045). We found a statistically significant increase in amputations by gender (p <0.001) and type (p=0.006) during
the study period. The overall trend peaked in 2022.

Conclusion: The pattern of limb loss rates among participants, mostly men, was worrisome. Motorbike drivers are clearly at greater
danger, and road accidents play a big part in severe amputations. The association between arm injuries and amputations shows the need
for focused ways to stop this.
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Introduction

Losing a limb brings about disability, greatly restricts
movement and bodily ability, and has created a big
health cost issue around the world in recent years.!
Amputations can be pretty risky, needing quick doctor
help to stop heavy bleeding and possible sickness; also,
they might result in ongoing problems like long-lasting
pain and mental harm.? The financial strain of losing a
limb is important, raising not just the costs for the first
care but also the ongoing bills tied to recovery and
artificial limbs.®># Furthermore, missing work becomes

a serious problem because many people face formidable
obstacles when trying to get back on job.* In addition to
that, loss of limb can bring emotional effects such as
sadness or worry which impact not only the person but
also affect their family members or friends' network.> ©
A comprehensive understanding of traumatic
amputation statistics and their underlying causes is
essential for developing targeted prevention strategies
and informing evidence-based public health policies to
reduce their incidence and their impact.”8

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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The leading causes of amputation vary from region to
region; peripheral vascular disease and diabetes are the
predominant factors in developed countries.® This trend
can be attributed to the increasing prevalence of these
conditions and the substantial burden they impose on
patients.’®, 1 In contrast, trauma remains the primary
cause of amputation in developing countries* Global
data indicate a significant rise in the prevalence of
traumatic amputations, increasing from 370.25 million
cases in 1990 to 552.45 million in 2019, reflecting an
increase of 49.2%.% The primary causes of trauma were
falls (36.2%), road traffic injuries (15.7%), other
transportation-related injuries (11.2%), and mechanical
forces (10.4%).1? Traumatic amputation is a disabling
surgical intervention employed as a last option when a
limb sustains severe injury, frostbite, burns, or electrical
damage, resulting in irreversible loss of blood supply
that cannot be effectively repaired or treated. This
procedure is often necessitated when serious
complications pose a life-threatening risk, despite the
high costs and functional limitations compared to
prosthetic alternatives 2. Notably, with economic
development and increased vehicle density, the
incidence of traumatic amputations resulting from road
traffic accidents in developing countries is on the rise 2.
Traumatic amputation typically necessitates long
periods of rehabilitation, significantly affecting the
patients' quality of life and imposing a considerable
burden on healthcare systems - 12 14 Consequently,
preventive efforts aiming at reducing its incidence are of
paramount importance. However, the scarcity of
epidemiological studies on traumatic amputation
indicates that it remains a largely understudied problem.
Although there are published studies about
epidemiological trends of traumatic amputations® 12,
They have not focused on developing countries such as
Iran ®. Information about traumatic amputation can
detect preventable causes and improve the safety of
occupational and other high-risk environments.
Therefore, this study aimed to provide updated
information on the trends, consequences, and associated
factors of traumatic amputation in Shiraz, Iran.

Methods
Design of the Study

We designed a cross-sectional study in Shahid Rajaee
Hospital of Shiraz to reach our aims. Then, information
was collected based on the electronic registry system
between January 2017 and December 2023. All
individuals from the registry system who met the
eligibility criteria were included in this study. The
registry serves as a representative source for trauma in

Shiraz, as it is the primary referral center for all trauma
cases in the area.’®

Eligibility criteria
We recruited individuals who were hospitalized at
Shahid Rajaee Hospital for traumatic amputations.
Patients who came just for a short visit of less than 24
hours, those sent back for more care, and folks whose
limb loss happened due to other reasons were excluded
from the study.

Data Collection
This study collected data on several key variables,
including the year of admission, gender, age,
amputation level, presence of polytrauma, patient role,
side of amputation, disability status, patient status,
duration of hospital stay in days, and the season of
admission.
We classified amputations into two primary categories:
major and minor. Significant cuts were seen as those
that included removing part of the pelvis, taking off the
hip, cutting the knee, above-knee cut, above-elbow cut,
below-elbow cut, and below-knee cuts decided by
expert agreement. However, minor cuts included ankle
cut, mid-foot cut, toe removal, hand cut, mid-hand, and
wrist cut.
We also classified disability into three main categories
as follows: Low disability was defined as those
involving toe amputation, trans-metatarsal (midfoot)
amputation, ankle disarticulation, and trans-metacarpal
amputation. Moderate disability included transtibial
(below the knee) amputation, trans-carpal (hand)
amputation, wrist disarticulation, and transradial (below
the elbow) amputation. Severe disability included knee
disarticulation, transfemoral (above-knee) amputation,
elbow disarticulation or higher, hip disarticulation or
higher, hemipelvectomy, shoulder disarticulation, and
forequarter amputations.

Sample size:
We calculated the sample size to ensure sufficient
participant recruitment and enhance the reliability of the
study findings. The sample size was determined using a
formula with parameters set at p = 0.14 (based on the
global prevalence of traumatic amputation in North
Africa and the Middle East)?, d = 0.05, and a 95%
confidence interval, resulting in a required sample size
of 185 participants. However, the study ultimately
enrolled 435 individuals.

Statistical analysis:
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Univariate analysis was conducted using the Chi-square
test. Variables with a p-value of less than 0.2, taking
clinical significance into account, were included in the
multivariate analysis. Then, multivariate analysis was
performed with logistic regression models. The logistic
regression results, which include odds ratios (OR), P-
values, and 95% confidence intervals (CI), were
reported by Stata version 14.2. JoinPoint Regression
Program (version 5.2.0) was used to determine the
trend. A P-value lower than 0.05 was considered

Results

Of 435 individuals, 401 (92.2%) were male and 34
(7.8%) were female. Moreover, the mean age of the
patients was 36.1 + 15.4 years. Many people had minor
removals, which made up 88.8% of the cases. Bike
riders were at a higher risk of removal (47. 5%). Car
crashes and leg injuries were major causes of many
amputations, with car crashes accounting for 21.9% and
leg injuries accounting for 51.3% of them (Table 1).

statistically significant. Also, Kaplan-Meier survival

curves were made to show the survival rates of patients

with minor and major amputations during their hospital

stay.

Table 1: Description of the factors related to amputation in Shiraz, Fars Province, Iran*

Amputation | Chi2P Value

Minor (n=387) (88.9) = Major (n=48)

Variable Total (n=435)

(11.1)
Gender
Female 34 (7.8) 29 (85.3) 5 (14.7) 0.477
Male 401(92.2) 358 (89.3) 43 (10.7)
Age,y
<35 247 (56.8) 220 (89.1) 27 (10.9) 0.092
36-55 136 (31.3) 125 (91.9) 11 (8.1)
>56 52 (11.9) 42 (80.8) 10 (19.2)
Level of amputation
Upper limb 354 (81.4) 349 (98.6) 5(1.4) <0.001
Lower limb 81 (18.6) 38 (46.9) 43 (53.1)
Cause of trauma
Traffic accident 137 (31.5) 107 (78.1) 30 (21.9)
Contact with a blunt object 83 (19.1) 91 (97.6) 2(2.4) <0.001
Contact with a penetrative object 179 (41.1) 172 (96.1) 7 (3.9)
Other 36 (8.3) 27 (75) 9 (25)
Polytrauma
Yes 66 (15.2) 56 (84.8) 10 (15.2) 0.246
No 369 (84.8) 331 (89.7) 38 (10.3)
Patient status
Survived 428 (98.4) 3854 (89.9) 43 (10.1) < 0.001
Not survived 7 (1.6) 2 (28.6) 5(71.4)
Role of patient (n=137)
Driver 18 (13.1) 14 (77.8) 4 (22.2)
Passenger 34 (24.8) 24 (70.6) 10 (29.4) 0.537
Pedestrian 20 (14.6) 15 (75) 5 (25)
Rider 65 (47.5) 54 (83.1) 11 (16.9)
Side of amputation
Right 221 (50.8) 199 (90.1) 22 (9.9) < 0.001
Left 211 (48.5) 188 (89.1) 23 (10.9)
Both 3(.7) 0 (0.0) 3 (100.0)
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The typical hospital stay for individuals having an
amputation was 5 days with a standard difference of 2.7
days. Many patients (73. 1%) stayed in the hospital for
over two days. Many amputations led to small amounts
of disability (77. 7%), and a big part of these patients

(71%) remained in the hospital for over two days.
Things like leg injuries, car crashes, and major
amputations really changed how long people stayed in

the hospital (Table 2).

Table 2: Description of the factors related to the length of hospital stay of amputation patients in Shiraz, Fars Province, Iran*

Total (n=435)

Length of hospital stay (days)

Chi?P Value

Gender
Female
Male
Age, y
<35
36-55
>56
Disability
Low
Moderate
Severe
Level of amputation
Upper limb
Lower limb
Cause of trauma
Traffic accident
Contact with a blunt object
Contact with a penetrative object
Other
Polytrauma
Yes
No
Patient status
Survived
Not survived
Role of patient (n=137)
Driver
Passenger
Pedestrian
Rider
Side of amputation
Right
Left
Both
Amputation
Minor
Major

34 (7.8)
401(92.2)

247 (56.8)
136 (31.3)
52 (11.9)

338 (77.7)
70 (16.1)
27 (6.2)

354 (81.4)
81 (18.6)

137 (31.5)
83 (19.1)

179 (41.1)
36 (8.3)

66 (15.2)
369 (84.8)

428 (98.4)
7 (1.6)

18 (13.1)
34 (24.8)
20 (14.6)
65 (47.5)

221 (50.8)
211 (48.5)
3(.7)

387 (88.9)
48 (11.1)

A significant association between upper limb injuries
and amputation was revealed by multivariate analysis
(OR =8.4, p<0.001, 95% CI: 2.8-29.1). Additionally,
contact with a blunt object was significantly linked to
amputation (OR = 25.5, p = 0.002, 95% CI: 3.2-30.8).

<2 (n=117)
(26.9%)

5 (14.7)
112 (27.9)

60 (24.3)
43 (31.6)
14 (26.9)

98 (29.0)
16 (22.9)
3(11.1)

109 (30.8)
8(9.9)

25 (18.3)
26 (31.3)
61 (34.1)
5 (13.9)

30 (45.4)
87 (23.6)

113 (26.4)
4 (57.1)

5 (27.8)
2 (5.9)
3 (15)

15 (23.1)

165 (25.3)
61 (28.9)
0(0.0)

112 (28.9)
5 (10.4)

>2 (n= 318)
(73.1%)

29 (85.3) 0.095
289 (72.1)

187 (75.7)
93 (68.4) 0.302
38 (73.1)

240 (71.0)
54 (77.1) 0.093
24 (88.9)

245 (69.2)
73 (90.1)

<0.001

112 (81.7)
57 (68.7) 0.003
118 (65.9)
31 (86.1)

36 (54.6)
282 (76.4)

<0.001

315 (73.6) 0.069
3 (42.9)

13 (72.2)

32 (94.1) 0.125
17 (85)

50 (76.9)

56 (74.7)
150 (71.1) 0.404
3 (100.0)

275 (71.1) 0.006
43 (89.6)

Furthermore, polytrauma was associated with the
duration of hospital stay, though it seemed to reduce the
likelihood of more extended stays (OR = 0.3, p = 0.045,
95% CI: 0.1-0.9) (Table 3).
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The joint point study showed an apparent rise in the
count of amputations by gender from 2017 to 2023,
with an average yearly change of 31. 3 (p < 0.001).
Also, there was a significant rise in the count of
amputations based on their type during this time, with
an average yearly change of 26. 3 (p = 0.006) (Figure 1
and Table 4).

Although amputations were more usual in the
summer, the study said that the spread of amputations
in different seasons was mainly similar (Figure 2).

The big trend of amputations increased over the study
time, reaching its peak in 2022. Also, every injury from
trauma saw a growing trend during this time, with the
most significant highs seen in wounds from sharp
objects and car crashes (Figure 3).

People with major amputations had a longer time in
the hospital than those with minor amputations. In fact,
half of the people with minor amputations were in the
hospital for around two days, while half of those with
major amputations were there for about 17 days (Figure
4).

Table 3: Adjusted Odds Ratio (OR) of the factors associated with amputation and length of hospital stay in Shiraz, Fars

Province, Iran

Variable

OR (95% ClI)
Level of amputation

Lower limb Reference
Upper limb 8.4 (2.8-29.1)
Cause of trauma
Other Reference
Traffic accident 3.4 (0.8-14.4)
Contact with a blunt 25.5 (3.2-30.8)
object
Contact with a penetrative 2.6 (0.5-12.2)
object

Patient status
Not survived -
Survived -
Polytrauma
No -
Yes -

Amputation

Length of hospital stay (days)
P Value OR (95% ClI) P Value
Reference = S
<0.001 - -
Reference - -
0.093 - -
0.002 - -
0.211 - -
Reference Reference
- 23.3(2.2-24.3) 0.008
- Reference Reference
- 0.32 (0.1-0.9) 0.045

Table 4: Joint point analysis of the number of amputations based on the type of amputation and gender in Shiraz from 2017 to 2023

Years APC 95% CI* P-value
Gender Segment 1 2017-2023 31.3 13.9-51.2 <0.001
Amputation Segment 1 2017-2023 26.3 8.2-47.4 0.006
Average Annual Percent Change (AAPC)
Years AAPC 95% ClI P-Value
Gender Full range 2017-2023 31.3 13.9-51.2 <0.001
Amputation Full range 2017-2023 26.3 8.2-47.4 0.006
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Figure 1. The trend in the number of amputations based on the type of amputation and gender in Shiraz from 2017 to 2023

140 —

2() —

= 120
B

= 100
=
=

= RO =
=

> 6O —
=

5 a0
=

20—

00—

Spring Summer  Autumn Winter
Secason

Figure 2.Distribution of amputations across different seasons in Shiraz from 2017 to 2023

©dipe of Brwwms L onmeet wordy & peasnative

= Laalle k
2 £
= 150 . Coune
3 o
] “
Eom !
[ B >
ry T w
B v H
2 = :
g - - 2
= » L J ’
- A w
0
W16 2007 2008 2009 202 2021 2022 2003 0 e N - ®.L i pLd
years Ve

Figure 3. Trend of amputations and causes of trauma in Shiraz from 2017 to 2023
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Figure 3. The percentage of the length of hospital stay in patients with amputations in Shiraz from 2017 to 2023

Discussion

The results of the present study showed that traffic
accidents and lower limb injuries were the leading
causes of amputation. For patients who had undergone
amputation, the average hospital stay was 5 days, and
such factors as lower limb injuries, traffic accidents, and
amputation significantly affected the length of hospital
stay. Patients with major amputations were hospitalized
longer than those with minor amputations. The results
also showed that amputations were more common in
men than in women and had an increasing trend during
the study period. The main factors associated with
amputations were upper limb injuries, contact with a
blunt object, and polytrauma, which also affected the
length of hospital stay.

Our results showed that the average hospital stay for
patients who had undergone amputation was 5 days.
Factors such as lower limb injury, motor vehicle
accidents, and amputation significantly affected the
length of hospital stay. Patients with major amputations
were hospitalized for longer. Polytrauma also affected
the length of hospital stay. This finding is consistent
with other studies conducted in the US, Brazil,
KwaZulu-Natal, UK, and Bern.* 1%%° The length of
hospital stay for amputees is an important factor in their
recovery. Individuals with big amputations stay in the
hospital longer because of more harm, since the healing
time for these folks is longer. People in car crashes are
also at a bigger risk because those cars lack safety gear,
so their riders face more danger, which is why these
people get hurt more, affecting how long they stay in the
hospital. Therefore, there is a need to implement more

training programs on protective equipment, such as
helmets for motorcyclists on various platforms.

The result of this study demonstrates that traffic
accidents and lower limb injuries were the leading
causes of major amputation. Our findings are consistent
with other studies conducted in Kenya and Los
Angeles.?® 2 A global study also showed that one of the
important factors in amputations was road accidents.?
However, this finding is inconsistent with a study
conducted in Pakistan that showed that agricultural tools
were the leading cause of major amputation.?? Careless
driving is a significant issue, especially in developing
countries, leading to major traumatic injuries, often
requiring amputation. Patients whose lower limbs,
including the leg and foot, are injured are more likely to
require amputation because this area is more susceptible
to injury. Lower limb injuries can occur for various
reasons, including traffic accidents, sports, falls, or
work-related accidents.?® 2 Therefore, there is a need to
increase road and vehicle safety. Safety rules in
workplaces need to be strictly followed.

The results also showed that amputations were more
common in men than in women and had an increasing
trend during the study period. This result is in line with
other studies conducted in the US (2017), Brazil, Kenya,
the United States (2021), Los Angeles, and the US
(2012).4 18 2L 24 2 A global study of traumatic
amputation in 204 countries also showed that the trend
of accidental amputations had been increasing between
1990 and 2019. However, the age-related trend has been
going down.3 From 1990 to 2019, another world study
showed that big jumps in leg amputation rates were seen
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in Syria, Yemen, and Afghanistan, linking with times of
fighting and chaos. On the other hand, places like Iraq,
Palestine, Sudan, Lebanon, Iran, and Kuwait showed
clear drops. The study pointed out a tricky mix of social-
political issues, natural events, pain, and long-lasting
sicknesses like diabetes in forming trends all over the
area.® A larger share of men in amputations might be
from their more dangerous actions. Men are more likely
to engage in high-speed activities such as motorcycling
and high-speed driving, and men are also more likely to
work in high-risk jobs. These activities can put men at
greater risk for serious injuries and subsequent
amputation.?

This study has two limitations. First, it is primarily
retrospective. Since these studies rely on existing
records, data quality and availability can be a major
concern. Incomplete, inaccurate, or missing information
can significantly bias the results. Second, this is a
database study, which is inherently at risk of
confounding variables.

Conclusion

The results of our study showed that road traffic
accidents and lower limb injuries were the leading
causes of amputation. Additionally, factors such as
lower limb injury, traffic accidents, and amputation
affected the length of hospital stay. Therefore,
identifying the patterns of these injuries is essential for
their prevention. Our results can contribute to strategies
used to reduce the impact and complications of
traumatic amputation.
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