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Abstract- Background: Limb amputation significantly impacts
the patient's physical, emotional, and social life. Multiple
etiological factors may lead to limb amputation. Unfortunately,
there is limited data about amputation in Saudi Arabia. Since
Sultan Bin Abdulaziz Humanitarian City (SBAHC) is a tertiary
center receiving such patients, we collected data from ten
years to look at the etiology, characteristics, and clinical
impact of amputations in the Kingdom.

Objective: This study aimed at identifying the etiology,
characteristics, and risk factors for amputation cases in Saudi
Arabia.

Methods: Differences in amputee patients’ data at SBAHC
collected over ten years were analyzed using appropriate
statistical tests. In addition, we collected Functional
independent measurement (FIM) scores for 618 SBAHC
rehabilitation program participants.

Results: 1409 amputees participated in the study, with men
making up the vast majority (75.7%). Males averaged 45 years
old, whereas females averaged 36 years (P<0.001). The most
common causes of amputation in this cohort were vascular
disorders (n=597; 42.3%), followed by trauma (n=519;
36.8%).Diabetes mellitus was the most frequent comorbidity
(n=570, 40.5%), followed by hypertension (n=370, 26.2%).
Trans-tibial amputations were the most typical (135/597,
22.6%), followed by trans-femoral amputations (84/597,
14.1%) in vascular-related amputations. Traumatic trans-
femoral amputation was more prevalent among young adults
than traumatic ftrans-tibial amputation. Trauma related
amputation cases were highest in the age group of 21-30
years (359/519, 69.2%), while vascular-related amputations
were highest in the age group of 70 and above years
(534/597, 89.5%).FIM scores, following rehabilitation at
SBAHC, improved mostly inlocomotion (10.8/14 from 6.4/14,
+33.6%) followed by transfer (17.3/21 from 11/21, +30.6%)
and self-care (36.6/42 from 29.6/42, +16.4%) at six-month
post-discharge compared to admission(all Rvalues<.01).
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Conclusions: Vascular pathology that develops as a result of
chronic diseases, followed by trauma, is the most common
cause of amputation in Saudi Arabia, which justifies the need
for primary and secondary preventive measures.

. INTRODUCTION

mputation has a profound and long-lasting impact
on an individual's economic, psychological, and

social status [1, 2]. Complications arising from
various peripheral vascular diseases and, or diabetes
form the most important causes of amputations [3, 4].
However, traumatic experiences at the extremities and,
to a lesser extent, cancer, as well as other causes, also
have a role.[5]. Studies have shown that age and
gender play a significant role in the pattern of limb loss
[6, 7]. Older adults with several chronic conditions are
disproportionately affected by limb loss due to
peripheral vascular disease, while young men are
disproportionately affected by limb loss due to trauma.
[8, 9]. Most patients requiring prosthetic restoration and
rehabilitation services are older adults with lower limb
amputations due to vascular disease[10]. The lifetime
risk of amputation in the elderly is 10-15%, 10-30 times
higher than in the general population[11]. Additionally,
reports indicate that amputations caused by trauma and
cancer may be decreasing, whereas congenital
amputations remain stable [12]. Diabetes is responsible
for at least 50 % of non-traumatic lower-limb
amputations worldwide, according to studies [13]. The
prevalence of amputations performed has been rising
worldwide [14]. In the United States, lower limb loss was
estimated to affect 1.6 million people in 2005, with that
figure expected to more than double to 3.6 million by
2050 [15]. The studies regarding amputation among
countries in Asia have many similarities, as trauma and
disease incidence occur in similar patterns [16, 17]. In
contrast, the patterns are not the same as those in the
United States, Denmark, Finland, or Australia [18],
where  peripheral  vascular  disorders, notably
arteriosclerosis, are the most common cause of
amputations. In these countries, the patterns differ.
There has been a paucity of research published about
the prevalence of amputees in Saudi Arabia. A 14-year
retrospective study published in 1993 for the amputee
population in Saudi Arabia was a comprehensive study
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listing all cases of amputations in a particular
rehabilitation center in Riyadh, Saudi Arabia, from 1977
to 1990 [19]. In 2012, Alzahrani, in his study, concluded
that around half a million amputations of the lower
extremities would likely occur in Saudi Arabia and other
Middle East and North African countries, and this
number includes only amputations arising out of
diabetic complications [20]. Whether so many diabetes-
related amputations have occurred in the last decade is
difficult to assess, the primary reason being the lack of a
national registry of amputations in Saudi Arabia and
limited such published reports, which still represents a
significant challenge for healthcare policymakers [19,
21]. This study was thus designed to fill up some of
these gaps in the literature.

In Saudi Arabia, the number of people with
peripheral vascular diseases, diabetes, and people who
die in car accidents is also going up [22, 23]. So, it may
have also led to a rise in the number of amputations in
this country. More data needs to be published to assess
better the etiology, characteristics, and risk factors for
amputation in this country. This may assist healthcare
providers in planning and establishing effective and
timely interventions and may also help improve
rehabilitation services so that amputee patients can be
functionally independent and productive members of
their communities. This fact has increased the interest in
studying the impact of etiology, characteristics, and
clinical status on amputees. Besides, identifying the
etiology, the study aimed to identify the characteristics
and risk factors for amputation cases in Saudi Arabia.

II. METHODS

This investigation is a retrospective hospital-
based study with 1409 amputee patients’ data collected
between June 2010 to June 2020.Sultan bin Abdul Aziz
Humanitarian City (SBAHC), a tertiary care rehabilitation
center, adopted proper evaluation management and
quality of life assessment for its clients where we
conducted this study. All amputees' medical records
were evaluated by medical coders at the Research
facility at SBAHC using a pre-designed case report form
to determine the pattern of amputations and etiological
factors. Inclusion criteria included all patients with
amputations who visited outpatient limb loss clinics. The
exclusion criteria included the patients whose medical
records were incomplete during the study period
regardless of the level, site, or type of amputation.
Collected data included demographic variables,
etiology, site, level, and type of amputations. In addition,
the cohort distribution from different provinces, namely
Central, Northern, Southern, Eastern, and Western, was
collected in addition to patient nationality. This study
was approved by the Institutional Review Board of
SBAHC.
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Out of the selected cohort, 618 patients were
required to be admitted because of pre- and post-
prosthetic rehabilitation. The functional outcomes of the
cohort were evaluated based on the functional
independent measurement score (FIM Score) at
admission and six months after discharge. Clinical
evaluation in weight, height, BMI, and systolic/diastolic
blood pressure was also collected from the patient's
medical files. Progress with rehabilitation, if any, was
recorded during the follow-up. The FIM instrument
contains 18 items classified into six major scales: self-
care, sphincter control, transfer, locomation,
communication, and social cognition [24, 25]. These
interviews at admission and discharge were conducted
by a team of medical doctors, physical therapists, and
nurses on the guidelines laid down by the Center. On
each item, the patients rated their level of independence
using a 1-7 scale, on which one (1) means assistance
was needed, and seven (7) means a person was entirely
independent.

Statistical analysis of the data collected from the
study was analyzed using SPSS ver. 22 (IBM, Armonk,
NY, USA). For continuous normal variables, the data
were provided as the mean and standard deviation,
whereas for continuous non-normal variables, the data
were shown as the median (Q1-Q3). The frequency of
each subject was determined based on their distribution
according to etiology, age, and level of amputation, and
the results were reported as a percentage. A P-value of
<0.05 was considered significant. For rehabilitation
data, 618 subjects were interviewed before admission
and at discharge using a self-reported version of the
FIM instrument. Summing up responses to each item
gave us a scale score ranging from several items to
seven times the number of items, i.e., the total FIM
score ranges from 18 to 126. FIM improvement (%) was
calculated by subtracting FIM at admission from FIM at
discharge, and this score served as an outcome
measure in the study.

[11. RESULTS

a) Demographic characteristics of the Study Subjects
The demographic characteristics of the study
subjects are presented in table 1. A total of 1409
patients were recruited, of which 75.6% were male and
24.4% were female. The patients' ages ranged from 1 to
96 years, with the average male age being 45 years and
the average female age being 36 years. Out of the total
population studied, Saudi nationals constituted 86.9%
(n=1224), and the rest were non-Saudis (n= 185,
13.1%). Most of the studied population (n=849, 60.3%)
was from the Central region of Saudi Arabia, followed by
the Western (n=235, 16.7%), Southern (n=160, 11.4%),
and other regions. Most amputees were affected by
vascular and traumatic amputations (n=597, 42.4% and
n=519, 36.9%, respectively), followed by congenital



(n=204, 14.4%) and infection/others. The study cohort (n=417, 29.7%). Among comorbidities, the most
consists of patients with a duration of amputation of 5  prevalent was diabetes (n=570, 40.5%), followed by
years or less (N=566, 40.4%), followed by 6-10 years hypertension (n=370, 26.3%).

Table 1: Demographic Characteristics of study subjects

Total All (1409) Males (1066) Females (343) Pvalue
Age Mean (SD) 43 (21) 45 (20.8) 36 (20.0) < .001
o . Saudi 1224 (86.8) 920 (75.1) 304 (24.9) < .001
Nationality N Co) -\ on-saudi 185 (13.1) 146 (78.9) 39 (21.1) < .001
Central 849 (60.2) 650 (76.5) 199 (23.5) < .001
Northern 59 (4.1) 37 (62.7) 22 (37.3) .006
Province N (%) Southern 160 (11.3) 126 (78.7) 34 (21.3) < .001
Western 235 (16.6) 181 (77.1) 54 (22.9) < .001
Eastern 106 (7.5) 72 (67.9) 34 (32.1) < .001
Trauma 519 (36.8) 425 (81.8) 94 (18.2) < .001
Etiology N (%) Vascular 597 (42.3) 479 (80.2) 118 (19.8) < .001
Congenital 204 (14.4) 109 (53.4) 95 (46.6) 16
Infection 89 (6.3) 53 (59.5) 36 (40.5) .01
<5 566 (40.3) 447 (78.9) 119 (21.1) <.001
Duration of 6-10 417 (29.6) 329 (78.8) 88 (21.2) <.001
amputation N (%) 11-15 186 (13.2) 137 (73.6) 49 (26.4) <.001
16-20 84 (5.9) 55 (65.4) 29 (34.6) < .001
>20 152 (10.7) 95 (62.5) 57 (37.5) < .001
Diabetes 570 (40.4) 468 (82.1) 102 (17.9) < .001
Hypertension 370 (26.2) 301 (81.5) 69 (18.5) < .001
Comorbidity N (%)  Hyperlipidemia 74 (5.2) 63 (85.1) 11 (14.9) < .001
Cardiac 118 (8.9) 102 (86.4) 16 (13.6) < .001
Others 277 (19.6) 193 (69.6) 84 (30.4) < .001
Weight Mean (SD) 725 (32.4) 72.4 (32.4) 62.8 (31.7) < .001
Height Mean (SD) 158.5 (54.6) 158.50 (54.6) 146.5 (48.3) < .001
BMI Mean (SD) 30.2 (12.5) 30.58 (12.5) 26.9 (12.3) .03
Systolic Blood Pressure Mean (SD) 125.9 (42.5) 128.9 (42.5) 120.6 (49.1) < .001
Diastolic Blood Pressure Mean (SD) 76.3 (24.8) 76.3 (24.8) 74.5 (22.7) 0.47

Note: Data is presented as prevalence (%). The difference between the groups is tested by the Chi-square test. P<.05 is
considered significant.

When comparing the level of amputation with
etiology, trans-tibial amputations were found to be the
highest (135/597, 22.6%), followed by trans-femoral
amputations (84/597, 14.1%) in the case of patients with
vascular diseases. Among trauma patients, trans-
femoral amputation was the highest (53/519, 10.9%),
followed by transtibial (50/519, 9.6%). The amputation
level among congenital cases was highest in the case of
trans-radial (2.4%), followed by partial hand (1.8%) and
trans-femoral (1.6%) (Figure 1).
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Figure 1: Level of amputation according to etiology.

b) Etiology

When comparing the etiology of amputation
with life span (Figure 2), we found that trauma-related
amputation cases were highest in the age group
between 21 to 30 years (359/519, 69.2%) and lowest in
people over 70 years of age (36/519, 7%).

Amputations due to vascular disease were most
common in those aged 70 and older (534/597, 89.5%)
and least common in children aged 0-10 (23/597,
3.9%). Congenital amputation was, as expected, most
frequent in the age group 0-10 years(162/204, 79.4%)
and was least in the age group 51-60 years (1/204,
0.5%).

Etiology of amputation in relation to life
span

100
80
60
40
20
o —
0-10Y
Trauma Vascular

11-20Y 21-30Y 31-40Y 41-50Y 51-60Y 61-70Y

>70Y

Congenital Infection and Others

Figure 2: Etiology of amputation according to life span.

c) Improvement in FIM scores

Admission and discharge FIM score data were
presented in Table 2. There is a significant difference
(P=.005) between admission and discharge scores in
self-care, transfer, and locomotion (all P-values<.001).
Also, the overall FIM score improved 6months post-
discharge as compared to the admission (P<.001). FIM

© 2023 Global Journals

showed a maximum improvement in the case of
locomotion (score of 6.4 at admission to 10.8 at
discharge out of a total of 14, an increase of 33.6%,
P<.001), followed by transfer and self-care. An
improvement of 15.1% was also found in the total FIM
score, which increased from 89.8 to 107.5 out of the
maximum score of 126.
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Table 2: Patient's functional status according to Functional Independence Measurement (FIM) Score value from
admission to discharge

FIM Scale ioal . Max Admission  Discharge  Improvement
Mean (SD) Admission Discharge  Avalue Score (% score) (% score) (%)
Self-care 29.6 (0.5) 36.6 (0.3) <.001 42 71.4 87.8 16.4
Sphincter-
Control 12.5(0.2) 12,5 (0.2) 34 14 88.0 91.8 3.8
Transfer 11 O( 4) 17.3 (0.2) < .001 21 52.6 83.2 30.6
Locomotion 4 (0.3) 10.8 (0.2) < .001 14 45.9 79.5 33.6
Communication 13 6 (0.1) 13.7 (0.1) 19 14 97.6 98.8 1.2
Social-Cogniton ~ 20.3 (0.1) 20.4 (0.1) 29 21 97.0 97.9 0.9
Total FIM 89.8 (1.2) 107.5 (1.1) < .001 126 74.4 89.5 15.1

Note: Data is presented as prevalence (%). The difference between the groups is tested by Chi-square test. P<0.05 is considered

significant.
V. DISCUSSION

This study aimed to present our experiences
with major limb amputations in Saudi Arabia and
compare the results to those of similar studies
conducted in other regions of the world. The purpose of
this comparison was to highlight the differences in the
pattern and indications for amputations and suggest
relevant preventive interventions. In addition, this study
aimed to present our experiences with major limb
amputations in Saudi Arabia.. As expected, most of
amputees in this study were males with vascular
diseases, followed by trauma being the leading cause of
amputation. In causes related to vascular diseases,
diabetes was the major culprit, while trans-tibial and
trans-femoral ~ amputations  being the leading
amputations related to trauma. Younger adults in the
age-group of 21-30 years formed the most prevalent
group when it comes to trauma-related amputations,
while vascular-related amputations were highest in older
adults of age 70 and above. This study also reported the
improvement in FIM scores following a rehabilitation
period in the SBAHC facility.

Numerous factors, including levels  of
technology, access to medical and surgical care, and
living conditions, may account for differences in the
prevalence of amputees not only between countries but
also within them. This research reveals a picture of the
geographic and pathological distribution of amputations
across Saudi Arabia's five most populous provinces.
SBAHC rehabilitation center, located in Riyadh, the
capital of Saudi Arabia, is easily accessible to receive
patients from all major provinces of the Kingdom This
study was carried out in order to provide a clearer
picture of the physical and pathological distribution of
amputations.

This study's male predominance among
amputees is consistent with the findings of other
researchers [26, 27] who, irrespective of race and
geographical  dispersion, have reached similar
conclusions. This could be linked to male having more
severe peripheral artery disease, higher smoking rates,

and a greater propensity for road traffic accidents. On
the other hand, estrogen and its influence on reducing
vascular pathology may account for the lower frequency
of amputations due to vascular disease [14]. The fact
that diabetic patients have a 15-fold increased risk of
lower limb amputation, along with the rising incidence of
diabetes and vascular disease-related increases in
lower limb amputation, underscores the significance of
early detection, medical education, patient compliance,
and reasonable glycemic control in this population.
Diabetic neuropathy, which can cause loss of feeling,
aberrant gait, and deformity, raises the risk of foot
pathology, which raises the risk of lower limb
amputation when combined with vascular abnormalities
[28]. In addition, the presence of chronic foot ulcers
invites  infection, especially deep wound, and
osteomyelitis infections that may end in amputation[29,
30]. In a study from South Africa and India, infection and
ulcers were the most common causes of amputation in
diabetic individuals. At the same time, ischemia was the
most common cause in nondiabetic people, which was
not the case in our studied cohort. This could be related
to the better care provided to this cohort since medical
care is free and provided by secondary and tertiary care
centers [31, 32].

In the studied cohort, trauma is the second
observed cause of amputation, which is similar to what
has been found in developed countries, contrary to what
has been found in developing countries, where trauma
is the first cause of amputation [33]. These variations in
amputation patterns reflect differences in comorbidities.
This is the finding of the current study, which could
provide a scientific reason for the increased incidence
when compared with Traumatrauma. Previous research
has shown that the risk of amputation increases with the
number of comorbidities that a patient has. SBAHC,
being a tertiary care center, receives most of its patients
within five years of amputation, reflecting the efficiency
of this hospital in providing services for such patients.
Although trauma was ranked second in this study, it was
the most common reason for amputation in young
adults in their productive and active age group.
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In this study, the relationship between etiology
and amputation level demonstrates the significant
variations between amputation and surgical decisions
by medical staff. Most of our amputations were in the
lower limbs, with transtibial amputation the most
common, regardless of the etiology[34]. This data
supports  previous findings that lower limbs are
wounded more frequently than upper extremities, and
diabetic gangrene is more common in the lower
extremities than in any other part of the body.
Transfemoral amputation is more prevalent than
transtibial amputation, according to the findings of other
studies. This could be a reflection of the severity of the
infection in the lower limb that necessitates transfemoral
amputation, or it could be a surgical attitude.[35, 36].
When comparing Trauma to the degree of amputation,
the transfemoral and transtibial amputation rates were
nearly the same, at 9.6% and 10.9%, respectively. That
could be the effect of a wide age range in this cohort.
According to research published in 1993, Trauma was
the leading cause of lower limb amputation in Saudi
Arabia (52.9%). The most common location of
amputation was the trans-tibia, followed by the trans-
femoral, trans-radial, partial hand, and trans-humeral[37,
38]. Since that time, there have been no reports of
amputations in this country that have been found in the
PubMed database. This could be explained by the rising
prevalence of comorbidities, particularly diabetes, as
well as the increased enforcement of laws requiring
people to wear safety belts [39].In the population that
we researched, we found that the etiology varied
throughout the various age groups. According to the
findings of our research, the most common age range
for trauma-related amputations was between the ages of
20 and 40 years. This is consistent with a WHO report
indicating that road traffic accidents are among the top
causes of death in those aged 15 to 29 years old [40].
The first few months after receiving a license are
extremely hazardous, and the report indicates that road
traffic accidents are among the top causes of death in
this age group. When taking into account the effect that
age has on amputations and how it relates to the
etiology of the condition, vascular disease is the most
common cause of amputations. This was seen in people
in their 30s and 40s, and it was the same as what other
developed and developing countries found.[41].

Consequently, vascular disease-related
amputation was most common in older people aged
over 60 years. Furthermore, older people are more likely
to have more than one ailment that may result in
amputation due to vascular etiology [42]. Congenital
limb deficiency, on the other hand, accounted for 79.4%
of lower limb deficiency in children under the age of 10
years in this study, compared to 67% in the Krebs and
Fishman study [43], 32% in the Yigiter et al. study [44],
and 73.3% in the Boonstra et al. study[45]. This could
be at the expense of trauma-related limb loss based on
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strengthening children's car safety rules. In addition to
data from tertiary centers receiving patients from all over
the Kingdom, these demographic parameters of
children with limb deficits showed a high degree of
consistency throughout the literature.

There was a significant difference between FIM
scores at admission and discharge and a total FIM gain
during hospitalization. On follow-up visits, we saw a
considerable improvement in the total FIM score and its
motor and transfer subscales. The average total FIM
scores for admission and discharge were 89.811.2 and
107.51.1, respectively. A FIM score of greater than 108
indicates home independence [46]. On six-month
follow-up visits, individuals in this study achieved this
independence degree. This improvement was most
noticeable in the self-care, transfer, and locomotion
categories. The results showed an improvement in self-
care, transfer, and locomotion in the FIM scores
between admission and discharge, comparable with the
findings of the Hall et al. study [47] and others [48, 49].
According to the findings of the study, improvements in
the motor domain were significantly higher than those in
the cognitive domain; however, the cognitive score was
not the focus of this particular investigation. This study's
strength comes from being conducted in the largest
tertiary rehabilitation center in the country, which was
able to represent amputees nationwide and covers all
age spectrums. The second strength is that amputees in
this institution are subject to a multidisciplinary
approach that would give a better clinical, physical and,
mental assessment, as shown in this study. Finally,
although this study was limited to be a retrospective
study and receiving patients after five years, that would
not provide data related to immediate amputation
outcomes.

In conclusion, vascular pathology caused by
chronic illnesses is the key risk factor for amputation in
Saudi Arabia, necessitating primary and secondary
preventive efforts. A multidisciplinary approach, an in-
depth understanding of the functional impacts of
amputation, and a comprehensive and detailed
examination of the patients and their surroundings
should serve as the cornerstone for post-amputation
rehabilitation programs.
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