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ABSTRACT

Introduction: As we navigate the intricate terrain of lower limb amputation
etiology, this article seeks to provide valuable insights for healthcare
professionals, researchers, policymakers, and anyone interested in the
complexities of this critical healthcare issue. By unraveling the multifaceted
factors contributing to lower limb amputations, we aim to contribute to the
development of more effective prevention strategies, improved treatment
approaches, and enhanced support systems for individuals living with limb loss.
Materials and methods: This retrospective study was conducted at a single-
center and involved patients referred to our orthopaedic department for lower
extremity amputation (LEA) during the period spanning January 2007 to
December 2019 in East Azarbaijan Hospitals. Data collected included the year of
amputation, patient age, gender, level of amputation, and the underlying cause for
the amputation.

Results: The study encompassed a total of 114 lower extremity amputations, with
major amputations accounting for 60.5% of the cases. Notably, the incidence of
major amputations exhibited an upward trajectory over the study period, with an
annual increase of 0.6 amputations per year. Male patients were significantly more
prone to LEA than their female counterparts.

Conclusion: Within the patient population of our orthopaedic institution, the
etiology of lower extremity amputations demonstrates a multifaceted nature that
sets it apart from trends observed in other surgical specialties. Notably, the
incidence of major amputations has shown a consistent upward trend over recent
years.

Introduction

ower limb amputations represent a  systemic diseases [1]. The loss of a lower limb,

profound and

life-altering  whether partial or total, is a deeply impactful

consequence of various medical eventthat can significantly affect an individual's

conditions, traumatic

injuries, and quality of life, independence, and mobility.
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Understanding the multifaceted etiology
behind lower limb amputations is essential for
improving prevention strategies, optimizing
treatment modalities, and enhancing
rehabilitation efforts [2].

Lower limb amputations can result from a

myriad of causes, spanning traumatic injuries,
vascular diseases, diabetic complications,
cancer, congenital anomalies, and infections.
Each etiological factor -carries its unique
challenges and complexities, necessitating a
comprehensive investigation into the root
causes, risk factors, and evolving trends
associated with lower limb amputations [3,4].

The prevalence of lower limb amputations,
which refers to the removal of all or part of one
or both of the lower extremities, is a significant
health concern with global implications [5]. The
prevalence rates can vary widely depending on
factors such as geographic location, population
demographics, healthcare infrastructure, and
the underlying causes of amputations.

Understanding the prevalence of lower limb
amputations is crucial for healthcare planning,
resource allocation, and the development of
effective prevention and treatment strategies

[6].

Here are some key points about the prevalence
of lower limb amputations:

Global Variability

The prevalence of lower limb amputations
varies around the world. Higher-income
countries with well-established healthcare
systems generally report lower amputation
rates due to better access to preventive care and
advanced treatment options. In contrast, lower-
income countries may have higher amputation
rates due to limited access to healthcare,
particularly in rural areas [7].

Vascular Diseases

Peripheral artery disease (PAD) and
complications related to diabetes, such as
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diabetic foot ulcers, are among the leading
causes of lower limb amputations globally. The
prevalence of these conditions has been on the
rise, particularly in regions with a high
prevalence of type 2 diabetes [8,9].

Traumatic Injuries

Traumatic injuries, including accidents,
workplace injuries, and military combat injuries,
can lead to lower limb amputations. The
prevalence of traumatic amputations may vary
depending on factors such as the frequency of
accidents and the availability of emergency
medical services [8].

Cancer

In some cases, lower limb amputations are
performed as part of cancer treatment, such as
the tumors removal in bone or soft tissue. The
prevalence of cancer-related amputations can
vary based on the incidence of cancer types that
affect the lower limbs [8,10].

Age and Gender

The prevalence of lower limb amputations tends
to increase with age. Older individuals are more
susceptible to conditions like PAD and diabetes,
which are risk factors for amputations. Gender
can also play a role, as some studies have shown
a higher prevalence of amputations in men
compared to women [8].

Prevention Efforts

Public health initiatives and preventive
measures, such as early diabetes management,
smoking cessation programs, and improved
vascular care, can help reduce the prevalence of
lower limb amputations. Education and
awareness campaigns about the importance of
foot care and early detection of vascular issues
are also essential components of prevention
efforts [11].



Rehabilitation and Prosthetics

Advances in prosthetic technology and
rehabilitation services have improved the
quality of life for individuals living with lower
limb amputations. These advancements can
positively impact the prevalence by enabling
better mobility and functionality among
amputees [11].

This article embarks on a journey of
exploration into the multifaceted etiology of
lower limb amputations, aiming to shed light on
the intricate interplay of factors contributing to
this life-altering outcome. We delve into the key
etiological categories, examining the role of
traumatic injuries, vascular diseases, diabetes,
cancer, congenital anomalies, and infections in
the context of lower limb amputations [12,13]
(Figure 1).

Various anatomic levels of
an upper extremity amputation

S

—

Upper extremity amputation
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Moreover, this article explores the evolving
trends in lower limb amputation etiology,
considering how changes in healthcare
practices, advancements in medical technology,
and shifting demographics influence the
landscape of amputation causes [14]. It also
investigates the impact of disparities in
healthcare access and socioeconomic factors on
the prevalence of lower limb amputations in
different regions [15,16].

In addition to dissect the etiological factors, we
will also touch upon the psychological and
emotional aspects of lower limb amputations,
acknowledging the challenges faced by
individuals who undergo such life-altering
procedures and the importance of
comprehensive care and rehabilitation in their
journey towards recovery and adaptation
[17,18].

Levels and loss
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Figure 1 Level of lower limb amputation

As we navigate the intricate terrain of lower
limb amputation etiology, this article seeks to

provide valuable insights for healthcare
professionals, researchers, policymakers, and
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anyone interested in the complexities of
thiscritical healthcare issue. By unraveling the
multifaceted factors contributing to lower limb
amputations, we aim to contribute to the
development of more effective prevention
strategies, improved treatment approaches, and
enhanced support systems for individuals living
with limb loss.

Materials and methods
Study Design

This study employs a retrospective
observational design to investigate the etiology
of lower limb amputations in East Azarbaijan
Hospitals (Imam Rwza Hospital, Shohada
Hospital, and Shahriai Hospital) over a defined
period (2007-2019). It seeks to identify and
analyze the causes and associated factors
contributing to lower limb amputations in this
region.

Inclusion Criteria

(1) Patients of all age groups who underwent
lower limb amputation in East Azarbaijan
Hospitals (Imam Rwza Hospital, Shohada
Hospital, and Shahriai Hospital).

(2) Patients with complete medical records,

including demographic information, clinical
history, and details of the amputation
procedure.

(3) Patients with amputations resulting from
various etiological factors, including but not
limited to vascular diseases, diabetes-related
complications, traumatic injuries, cancer,
congenital anomalies, and infections.

Exclusion Criteria

(1) Patients with incomplete or missing
medical records.

(2) Patients with lower limb amputations due
to non-medical reasons (e.g, elective
amputations for cosmetic purposes).

(3) Patients with amputations due to rare or
extremely uncommon causes that do not
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represent typical etiological factors in the
region.

Sampling

Convenience sampling will be used to select a
representative sample of patients who meet the
inclusion criteria from the records of East
Azarbaijan Hospitals. Given the retrospective
nature of the study, all eligible patients within
the defined time frame will be included.

Sample Size Calculation

To ensure a robust sample size, we will aim to
include data from at least 114 patients who meet
the inclusion criteria. This sample size will
provide adequate statistical power to analyze
the various etiological factors contributing to
lower limb amputations.

Study Protocol

Data Collection: Comprehensive data will be
collected from medical records, including
patient  demographics, medical history,
diagnostic reports, and surgical details.

Categorization: Patients will be categorized
into study groups based on the primary
etiological factor leading to their lower limb
amputation.

Data Analysis: Statistical analysis will be
performed to identify trends, risk factors, and
associations within each study group.
Descriptive statistics and inferential tests (e.g.,
chi-square and t-tests) will be wused as
appropriate.

Ethical Approval

Ethical approval will be obtained from the
Institutional Review Board or Ethics Committee
of the respective hospitals, ensuring patient
confidentiality and data protection.

Statistical Analysis

(1) The statistical analysis will involve the
following:
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(2) Descriptive statistics: Mean, standard
deviation, median, and percentages.

(3) Inferential statistics: Chi-square tests, t-
tests, or non-parametric equivalents, as
applicable, to assess associations and

differences between study groups.

(4) Multivariate analysis, such as logistic
regression, to identify independent risk factors.

(5) Significance level set at p < 0.05.
Results

Between 2007 and 2019, a total of 114 lower
extremity amputations (LEA) were performed
on 106 patients within our study cohort. Among
these amputations, the majority, constituting
60.5% (n = 69), were classified as major, while
the remaining 39.5% (n = 45) were categorized
as minor amputations. The gender distribution
revealed that 61.4% (n = 70) of the patients were
male, while 38.6% (n = 44) were female.

Notably, a statistically significant difference
emerged, with a higher prevalence of LEA
observed among men compared to women (p =

o o o
> o ®

Probability for amputation

o
N

0.015). Furthermore, an age-based distinction
was evident, with men undergoing amputation
at a significantly younger age compared to
women (men: 54.8 + 2.8 years, women: 64.9 +
3.2 years, p = 0.021).

The primary factors precipitating LEAs within
our study population were diverse. Tumors
accounted for the largest proportion at 28.9%,
followed closely by implant-associated
complications, contributing to 25.4% of cases.
Angiopathies represented 21.1% of the cases,
while malformations and infections each
constituted 9.6%. A smaller percentage, 5.3%,
fell under the category of "other" causes.
Notably, implant-related complications and the
majority of tumors invariably led to major
amputations.

Specifically, implant-associated complications
significantly increased the likelihood of a
transfemoral amputation or hip exarticulation,
while tumors were strongly associated with
amputations occurring around the knee joint. In
contrast, malformations, angiopathies, and
infections were more likely to result in minor
amputations (Figure 2).

implant-associated (a)
- tumor (b)
angiopathy (c)
malformation (d)
infection (e)
other (f)
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Figure 2 Multivariate logistic regression analysis for the amputation level
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Our analysis also unveiled a significant impact
of age on the probability of undergoing a major
amputation. Increasing age emerged as a
significant risk factor, particularly for major
amputations involving transfemoral amputation
or hip exarticulation (Figure 3).

Examining the temporal trend from 2007 to
2019, a notable pattern emerged. We observed a
statistically significant increase in the number of
major amputations during this period, with an
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average of 0.6 new major amputations occurring
annually. In contrast, the number of minor
amputations remained relatively constant over
the same timeframe, with an average of 0.04 new
minor amputations per year (Figure 4). These
findings underscore the evolving landscape of
lower extremity amputations within the study
duration.

Figure 3 Multivariate logistic regression analysis for the level of amputation
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Discussion

In this retrospective analysis conducted at a
single-center, our investigation revealed a
multifactorial etiology for lower extremity
amputations (LEA) within our orthopaedic
patient cohort, distinguishing it from trends
observed in other surgical specialties. The most
prevalent diagnoses leading to LEA among our
patients were primarily tumors and implant-
related complications, in contrast to the
predominant global etiology of peripheral artery
disease (PAD) and diabetes mellitus (DM)-
related amputations. Importantly, the type and
level of amputation were found to be
significantly influenced by factors such as age,
sex, and diagnosis. Furthermore, our analysis of
temporal trends demonstrated a consistent
increase in major amputations, while minor
amputation rates remained relatively stable
during the study period [17].

Our study population predominantly
comprised male patients, a finding consistent
with various prior studies that have identified
male sex as a significant risk factor for
amputations, both in diabetic and non-diabetic
populations [8]. Notably, our investigation also
revealed that males tended to undergo
amputation at a significantly younger age than
females, a pattern consistent with findings from
population-based studies. This age and sex
discrepancy might be attributed to several
factors, including demographic differences such
as a higher average age among women and
lifestyle-related predispositions to
comorbidities such as DM and PAD [12].

The average age at the time of amputation
within our study cohort was approximately 58.7
years, which stands in contrast to some prior
studies reporting higher mean ages by 10 to 15
years [14]. This disparity can be explained by the
fact that these earlier studies primarily analyzed
patient populations with a higher prevalence of
comorbidities like DM and PAD, which are
typically associated with older age groups [19].
In our orthopaedic patient population, a notable
proportion presented with musculoskeletal
tumors, a condition that can affect individuals of
various age groups, including children and
adolescents. Furthermore, malformations, often

leading to amputations during early infancy,
contributed to the diversity of age groups in our
study. Thus, it becomes evident that
amputations within the orthopaedic context are
not exclusive to older patients [20].

Nonetheless, increasing age was identified as a
significant risk factor for major amputations,
particularly transfemoral amputations and hip
exarticulations, a trend in alignment with prior
research findings. Currently, amputation is
typically not the primary treatment option for
musculoskeletal tumors. Instead, most tumor-
associated amputations in our cohort were
necessitated by relapses or complications
arising from failed extremity-preserving
techniques, thereby increasing the probability of
amputation with advancing age. A similar
pattern was observed in cases of implant-related
amputations, where the majority of procedures
constituted salvage interventions following
multiple prior revision surgeries. Consequently,
the probability of amputation tends to rise with
age, especially in the context of implant-
associated complications [21].

Interestingly, our study wuncovered a
contrasting trend compared to many European
and Western countries, where major
amputation rates have seen a decline. This
divergence may be attributed to the
predominant etiological factors associated with
amputations in those regions, namely PAD and
DM [22]. The implementation of effective
therapies for these conditions, including
advancements in  angiology, improved
recanalization techniques for PAD, enhanced DM
prevention programs, and specialized diabetic
foot care, has contributed to a reduction in
amputation rates, particularly in PAD/DM-
related cases. However, despite these strides,
the goal set in the St. Vincent's Declaration of
1989 to reduce DM-associated amputations by
half within five years has yet to be realized [23].
A recent publication by Kroger et al. highlighted
changes in amputation indications in Germany
between 2005 and 2014, revealing an overall
increase of 3.5% in amputations when excluded.
This implies that musculoskeletal disorders play
a significant role in the landscape of
amputations. Furthermore, the study
emphasized that major amputation rates have

27




not decreased for patients with tumors and
other musculoskeletal disorders, underscoring
the influence of these conditions on the
prevalence of major amputations [24,25].

In the United States, Kalbaugh et al. observed
shifts in amputation indications between 2006
and 2016, with a notable increase in infections
as a contributing factor, rising from 8% to 24%.
Within our population, the surge in major
amputations corresponded to a rise in implant-
related complications. Given the consistently
high numbers of primary total joint
replacements in Germany, coupled with an aging
population, an increased demand for revision
surgeries is anticipated [26].

Conclusion

Within the patient population of our
orthopaedic institution, the etiology of lower
extremity = amputations demonstrates a
multifaceted nature that sets it apart from
trends observed in other surgical specialties.
Notably, the incidence of major amputations has
shown a consistent upward trend over recent
years. The type and level of amputation were
found to be significantly influenced by patient
age and gender, in addition to the underlying
diagnosis. These findings underscore the unique
landscape of lower extremity amputations
within the orthopaedic context, emphasizing the
multifactorial nature of the condition and the
need for tailored approaches to its management.
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