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Objective: This article reports and interprets estimates of global incidence of major limb
amputation due to traumatic causes.

Design: A secondary database descriptive study to report amputation incidence and incidence
rate per 100,000 using the extensive 2015 Global Burden of Disease (GBD) results was
conducted.

Results: In 2015, 1.2 million people sustained major limb amputations due to traumatic causes
worldwide. Leading traumatic causes of limb amputation were war and legal intervention
(27.1%), other unintentional injuries (18.4%), falls (13.3%), mechanical forces (10.5%) and road
injuries (8.1%). The highest incidence is seen in Middle East and North Africa (370,800 UI
261,745 to 479,854) due to high incidence rate followed by South Asia (273,949 UI 249,694 to
298,203) and East Asia (144,268 UI 132,996 to 155,540) due to population size.

Discussion: GBD describes etiologies requiring rehabilitation, and regional need for prosthetic
services such as upper limb prostheses, pediatrics and surgical considerations.

Conclusions: Amputation incidence estimates and patterns are essential to understand global
prosthetic service needs. Estimates provide foundational information to assess change over time
and to plan future prosthetic service development.
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Introduction

Amputation of a limb is a disabling condition that impacts the lives of people around the world.
Trauma is a leading cause of major limb amputation, second only to diabetic and dysvascular
complications.' Regardless of the underlying etiology, amputation results in the absence of
biological structures and negatively impacts a person’s function, mobility, vocation, and
avocation. The need for rehabilitation after amputation to mitigate disability is well accepted, but

has largely been neglected in global health initiatives.

After an amputation, prostheses are prescribed to replace the absent physical structures, restore
function, and promote activity and participation in the community.>” Prosthetic rehabilitation
includes complex procedures of evaluation, treatment plan development, device design and
fabrication, fitting, alignment, gait training and follow-up.’ People with limb absence need life
long prosthetic care that requires trained prosthetists and therapists, specialized equipment and

materials, and a coordinated healthcare system.”

The development of prosthetic services in low and middle-income countries is an important step
toward restoration of function and mobility for millions of people with amputations worldwide.

Current literature reflects a strong focus on specific prosthetic componentry development and

5,16-19

evaluation such as that of feet,*'° knees, sockets and structure>”. Underrepresented in

22,23

. . 20,21 . . . 2431
current literature is the need for human resources™ ", service delivery”~~ and education of

prosthetists.



Specifically, rehabilitation human resources are not well reported.”’ Limited information exists
about the current prosthetist orthotist (P&QO) workforce in comparison to the present need. The
World Health Organization (WHO) estimated that approximately 40,000 P&Os would be needed
worldwide in 2010.%* A more accurate understanding of regional traumatic amputation incidence
by age and cause would enable governments and collaborating non-governmental organizations
to both implement preventative efforts to reduce incidence of amputation and develop national

plans and resource requirements to implement sustainable country wide prosthetic services.

National incidence and prevalence of limb amputation is increasingly reported in the scientific
literature. A number of countries have started registries and published both current incidence of

33736 However, a recent review of the literature on lower limb

amputation and change over time.
amputation highlights the paucity of empirical evidence from low and middle income countries
(LMICs).”” WHO estimated that people in need of prosthetic and orthotic services represent
0.5% of the population in LMICs, approximately 30 million people in 2010. This estimate has
not been verified at the country or regional levels.”> The Global Burden of Disease (GBD)

studies are a rich resource to provide worldwide amputation incidence estimates and inform

global prosthetic needs and development efforts.”®

In this study we inform future research and global development efforts for the provision of
prostheses in low and middle income countries by quantifying, analyzing, and interpreting
patterns in global distribution and incidence of major traumatic limb amputation by cause,

region, and age in 2015 using GBD 2015 results.



Within the GBD, the International Classification of Diseases (ICD) was used to classify injuries
as a standard diagnostic tool. Major limb amputation was divided into four categories (bilateral
lower limb, bilateral upper limb, unilateral lower limb, and unilateral upper limb) with associated
ICD 9 and ICD 10 codes (Table 1).** Amputation of fingers, thumbs and toes were excluded
from this study. Amputation is a nature-of-injury (N code) category with associated cause-of-
injury (E code) categories. This is the first manuscript to report results by N codes with a focus

on major limb amputation.

Methods

The GBD 2015 study produced estimates of both incidence and incident rate of traumatic
amputation using country data on ICD codes, then categorized into 26 mutually exclusive and
exhaustive external E code such as motor vehicle road injury or assault by sharp object.*” Each E
code was then further categorized into N codes. Many countries report injuries by either E codes
or N codes. A few countries report injuries by both codes, which was the basis for creating an E
and N matrix to estimate the global incidence of injuries by both E and N code. The matrix
estimates the proportion of each E code category that results in a particular N code category.*
This matrix was developed based on dual code inpatient and emergency room data sets from 27
countries: Argentina, China, Colombia, Cyprus, the Czech Republic, Denmark, Egypt, Estonia,
Hungary, Iceland, Iran, Italy, Latvia, Macedonia, Malta, Mauritius, Mexico, Mozambique, the
Netherlands, Norway, Portugal, Slovenia, Spain, Sweden, Uganda, USA, and Zambia. Due to the
limited sample of countries on which the matrix is based, greater confidence can be placed in
regional summary estimates rather than detailed national estimates. Estimates in this paper are

reported for 21 world regions (Appendix 1).*



GBD estimates of non-fatal injuries such as amputation are complex and require consideration of
both short and long-term disability. First, cause of injury incidence by age, sex, location, and
year was estimated with DisMod-MR 2.0 (a descriptive epidemiological meta-regression tool
that uses an integrative systems modelling approach to produce simultaneous estimates of
incidence, prevalence, remission and mortality) using injury incidence data from hospital and
emergency department (ED) records and survey data.*’ Second, a hierarchy was applied to
identify the nature-of-injury code that contributes the largest burden when a person has multiple
injuries. Third, we used the E and N matrix to estimate the proportions of incident cases in each
of the 26 cause-of-injury codes that lead to each of the 47 nature-on-injury codes including the
four major amputation codes. To make these estimations, two different matrices were created
using hospital and ED data. The cause-nature-of-injury matrix for inpatient injuries was used to
estimate limb amputations. The inpatient matrix was applied to the cause-of-injury data,

producing incidence of inpatient injuries by cause and nature of injury.*’

Uncertainty

Incidence is estimated with uncertainty. Uncertainty in estimates results from available data, data
adjustments and statistical models. We applied the standard GBD method of creating 1,000 draw
for each age-sex-region estimate by drawing from distributions. We report the mean of the 1,000

draws and uncertainty intervals rather than point estimates.*’

Results
In 2015, we estimated that 1.2 million (uncertainty interval (UI) 1 to 1.35) people sustained

major limb amputation due to traumatic causes. Of major limb amputations due to trauma, the



majority were unilateral lower limb (84.7%), followed by bilateral upper limb (7.5%), unilateral
upper limb (7.2%) and bilateral lower limb (0.6%) (Figure 1). Major traumatic causes of
amputation were war (27.1%), other unintentional injuries (18.4%), falls (13.3%), mechanical
forces (10.5%) and road injuries (8.1%) (Figure 2). The most common cause of amputation
varied by level of amputation, for example, upper limb amputations were more likely to be
caused by mechanical forces or other unintentional injuries. Unilateral lower limb amputations
were more likely to be due to war and bilateral lower limb amputations were largely related to

transportation.

GBD estimates provide insight into regional trends of traumatic limb amputation. Figure 3
presents regional incidence and rates of traumatic limb amputation to allow a global perspective.
Middle East and North Africa experiences both high incidence (370,800 UI 261,745 to 479,854)
and rate per 100,000 population (65.5 UI 47.1 to 84) of traumatic amputation. Incidence of
amputation is similarly high in South Asia (273,949 UI 249,694 to 298,203) and East Asia
(144,268 UI 132,996 to 155,540), however, lower rates per 100,000 suggest the high incidence
stems from large populations rather than high rates. Five regions stand out with consistently low
incidence and rates per 100,000 population; High-Income North America, Southern Latin

America, Western Europe, Australasia and High-Income Asia Pacific.

In children, aged 0-14 years, the highest incidence is in North Africa and the Middle East. In
adults, 15-49 years, North Africa and the Middle East still have the highest incidence. However,
South Asia and East Asia also emerge with high incidence among adults. For those over 50 years
of age, incidence in South Asia is the highest followed by East Asia (Figure 4). For most regions,
incidence rate increases with age, and is highest in the 80+ age group (Figure 5). North Africa

and Middle East incidence rates among children and young adults are dramatically higher than
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any other region, however, incidence rates among those 50+ years are comparable with regions

of LMICs.

In general, upper limb amputations account for a small percentage of all limb amputations. South
Asia has the largest incidence of upper limb (i.e. unilateral and bilateral) traumatic amputation
(49,690 UI 45,442 to 53,938), followed closely North Africa and Middle East (35533 UI 25,050
to 46,106). East Asia has the third highest incidence of upper limb amputation (22,876 UI 21,099

to 24,653).

In children, aged 0-14 years, rates of traumatic amputation range from a low of 0.204 per
100,000 population (UI 0.187 to 0.221) in High Income Asia Pacific to a high of 86 per 100,000
population (UI 61 to 111) in North Africa and Middle East. The next highest rate is 29 per
100,000 population (UI 26 to 32) in Western Sub-Saharan Africa. The dramatic rate of traumatic
amputation in children in North Africa and Middle East is largely attributable to war (72.5 per

100,000 are due to war).

In adults aged 15 to 49 years, rates by region have a similar distribution but with less variability.
Rates range from a low of 0.31 per 100,000 population (UI 0.29 to 0.34) in High Income Asia
Pacific to 65 per 100,000 population (UI 43 to 88) in North Africa and Middle East. Eastern
Europe has the next highest rate at 28 per 100,000 population (UI 25 to 31), followed closely by
Western Sub-Saharan Africa at 25 per 100,000 population (UI 19 to 31). Traumatic amputation
incidence is highest among this age group with incidence ranging from 51 (UI 47 to 55) in

Australasia to 198375 (UI 130,366 to 266,384) in North Africa and Middle East.

Amputation rates among adults ages 50-79 years follow similar patterns but the difference

between regions are less pronounced. The lowest rates are seen in Australasia at 0.21 per
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100,000 population (UI 0.196 to 0.228) and the highest are in Western Sub-Saharan Africa at 25
per 100,000 population (UI 22 to 28). Incidence in this population ranges from 17 (UI 16.1 to

18.7) in Australasia to 50,809 (UI 46,581 to 55,036) in South Asia.

Among the elderly, 80+ years age, rates of traumatic amputation are similar to those of younger
adults. The lowest rate is seen in Australasia at 0.47 per 100,000 population (UI 0.404 to 0.597)
and a high in Western Sub-Saharan Africa of 68 per 100,000 population (UI 60 to 76.5).
Traumatic amputation incidence among the elderly range from 5 (UI 4.6 to 6.03) in Australasia
to a high of 8,630 (UI 7,851 to 9,409) in South Asia followed by 4,528 (Ul 4,114 to 4,941) in

East Asia.

Discussion

The GBD 2015 study provides estimates of incidence, prevalence and burden of disease for 310
diseases and injuries.”” Many of these diseases and injuries result in physical and developmental
disabilities that would benefit from rehabilitation services (e.g., physical therapy, occupational
therapy, speech and language therapy). Global estimates and comparisons of disease and injury
patterns by region, age, cause and gender can provide valuable information to guide global
prevention and rehabilitation development efforts. Estimates of incidence and prevalence can
inform estimates of human resource and training needs, national rehabilitation plans, and
preventive public health interventions. This study provides one example of how GBD 2015
incidence and rate results can be leveraged to provide a global picture of traumatic amputation
and explore implications for prosthetic care and development. We will discuss prevention and

rehabilitation implications of GBD 2015 traumatic amputation estimates.
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Prevention

Traumatic causes contribute to worldwide prevalence of amputation and associated disability.
While traumatic injuries are often multifactorial, incidence by cause provides insight into the
most common injury mechanisms that result in amputation and may be modifiable through

prevention efforts.

GBD 2015 estimates show war and legal intervention to be the leading cause of major traumatic
limb amputation globally. Primary prevention strategies for war related amputations include
advocating for the use of more discriminate weapons, coordinated efforts to separate active
combat from civilians, and the declaration of humanitarian ceasefires to allow civilian
evacuations.”' Secondary prevention strategies include methods to prevent infection of injuries*,
access to healthcare for timely treatment and trained healthcare workers™. In addition to active
conflicts, the legacy of war and civilian casualties, such as those resulting from landmines***® or
unexploded ordinance™ can be prevented through enforcement of international conventions

prohibiting the use of land mines, mine clearing efforts, and awareness and education

campaigns.'’

Falls cause thirteen percent of traumatic amputation with most falls resulting in unilateral lower
limb amputation. Primary prevention for falls includes implementation of fall prevention
programs.*’” Secondary prevention may focus on healthcare access to treat fall related injuries
and prevention of infection, non-union fractures or painful deformities that may lead to

subsequent amputation.
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Road traffic injury results in eight percent of all traumatic amputations. Injury prevention
strategies for road traffic accidents are well established as road traffic injuries have gained
increasing awareness in low and middle income countries.”® A recent systematic review found
legislation with strong enforcement initiatives to be the most successful.* However, success

rates of traffic injury prevention strategies vary regionally and require continued implementation.

Rehabilitation

Prosthetic care, like management of any chronic condition, is multifaceted and differs between
people with limb loss. We will address two key aspects of prosthetic care to provide
interpretation and implications of GBD traumatic amputation incidence estimates. These two

categories are human resources and education.

Human Resources

Prevalence of non-fatal major limb traumatic and diabetic amputations has been reported in the
GBD 2015 seminal article.” Prevalence estimates provide the most accurate estimate of
prosthetic need worldwide. GBD 2015 study results estimate 30,146,000 people living with
traumatic limb amputation globally.”> GBD 2015 results for diabetes related lower limb
amputation 7,310,200 (UI 6,260,400 to 11,703,500) people living with diabetic limb
amputation. Combined, 37,456,200 people worldwide are estimated to be living with limb
absence due to trauma or diabetes. This estimate is not all inclusive but accounts for the two
most common causes of limb amputation. However, even as an underestimate, this number
exceeds the most frequently cited estimates, such as the WHO estimate of 30 million people in

need of orthotic or prosthetic services.*
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GBD amputation estimates can serve to inform regional human resource needs. With our
estimate of 37.5 million persons living with limb absence worldwide, we can use WHO
guidelines to estimate worldwide prosthetist need.”> WHO guidelines state that a trained
prosthetist can on average treat 250 people a year and one third of people with limb absence seek
treatment in a given year.’” Using these guidelines, we estimate that 150,000 prosthetists are
needed worldwide to treat people with limb absence. This estimate excludes a number of
etiologies for limb absence (e.g., infection, cancer, congenital) and does not address the need for
orthotists who care for people with a variety of musculoskeletal and gait abnormalities (i.e.,
cerebral palsy, spina bifida, stroke, polio). As such, 50,000 prosthetists is a conservative estimate
but far exceeds WHO’s estimate of 40,000 prosthetist orthotists and speaks to a substantial

unmet need.

Prosthetist education

Prosthetic education includes foundational skills and knowledge in addition to specific content
related to amputation levels, etiologies and patient populations. It has been suggested that due to
technology, material and societal constraints, clinicians in low and middle income countries
require more training and technical skill than clinicians practicing in high income countries.*’
For example, local manufacturing of prosthetic components is a skill not required in high income
countries that has been identified as essential to sustainable prosthetic care in low and middle

. . 50,51
mcome countries.”

Through an accurate understanding of a region’s population of people with
limb absence, prosthetist education and training can better align with the services most required

and most often utilized in clinical practice. Two examples of specific patient populations that
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vary by region and require special consideration in planning prosthetic services and education of

prosthetists are discussed below.

Upper limb

Regions with higher incidence of upper limb absence (ULA) present a clear need for specialized
upper limb componentry such as hands, hooks, elbows, cables, etc.” Such componentry can be
expensive, challenging to acquire and often must be imported into LMICs. Additionally,
provision of functional upper limb prostheses (ULPs) (i.e., those that provide active control of a
prosthetic terminal device) requires very specific technical and clinical skills. In an effort to
improve access to functional ULPs in low resource settings, numerous engineering solutions to
provide low cost, low tech prostheses to people with ULA have been developed and published in

the literature.”* >

Evidence of functional outcomes and the uptake rate of such devices is limited
and people with ULA still lack access to functional ULPs in many regions of the world. It has

been noted that technological developments may aid access to devices but must also be

accompanied by appropriate training and education of providers.”'

Due to the relatively small population of people with ULA, most prosthetists may only rarely
fabricate and fit ULPs. This is reflected in the WHO and ISPO education standards for Category
II prosthetic technicians, the most common level of training in many LMICs, with ULP
curriculum an optional component of required curriculum.*> WHO and ISPO recommend that
ULP curriculum be taught based on regional and population needs.** Our study provides clear
evidence for need in many regions of the world, but most specifically South Asia (49,690 ULA),

North Africa and Middle East (35,533 ULA), Western Sub-Saharan Africa (36,369 ULA) and
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East Asia (22,876 ULA). These four regions are also those with the highest incidence of all
major limb amputation, highlighting both a specific need for ULP componentry and education

and a general need for well-trained prosthetists and prosthetic services.

Pediatric

Prosthetic care for children requires unique considerations beyond those of adult prosthetic care.’
Children require more frequent prosthetic care for adjustments and replacement due to growth,
body changes and high activity levels.? Children with limb absence who do not receive
appropriate prosthetic care experience limited mobility and function. Such disability can lead to

56,57

exclusion from education®®*’ and discrimination by the community.”® Disability and lack of

education are closely tied with poor health outcomes and poverty.”®

Regions where children and young adults are more likely to suffer traumatic amputation will also
have higher prosthetic service demand as children with limb loss require a lifetime of prosthetic
care. For example, a ten-year old child with a lower limb amputation is likely to require 25
prosthesis over the course of his/her life.®! Our study identifies four regions with the highest
incidence of pediatric traumatic amputation; North Africa and Middle East (151,329), South Asia
(77,769), Western Sub-Saharan Africa (50,273) and Eastern Sub-Saharan Africa (33,180). These
regions require special consideration for pediatric prosthetic care and life long prosthetic care as

these children age.

Pediatric prosthetic care requires prosthetists trained in pediatric development, common pediatric

complications and specialized pediatric componentry. Clinicians in high income countries who
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treat children often specialize in pediatric prosthetics. Specialized courses, professional
communities®> and continuing education® provide education beyond standard prosthetic
curriculum. These resources are rarely available in LMICs but are well suited to capacity

building and knowledge transfer efforts.

In addition to specialized training, prosthetists require specific componentry for children with
limb absence. Pediatric components are distinct from adult components both in size and weight,
as well as, control mechanisms and design.” Literature on available pediatric components in
LMIC:s is limited but may inform efforts for local manufacturing in regions with high incidence

of pediatric limb absence.

Beyond prosthetic service provision; Amputation surgery

Quality, thoughtful amputation surgery lays the groundwork for successful use of a prosthesis.
Goals of amputation surgery include a sufficient length of residual limb for prosthetic control,
adequate soft tissue coverage and mobility, and pressure tolerant weight bearing surfaces.’
Knowledge of the most common amputation causes and levels can improve surgical outcomes
through improved surgical skill. Education and training directed at best practices for amputation
surgery can be further focused to address amputation surgeries most often conducted in
geographic regions. Additionally, surgical techniques for limb salvage rather than amputation
can serve to prevent unnecessary amputation.®* Organizations such as the Institute for Global
Orthopedics & Traumatology (IGOT) can inform future amputation and limb salvage training

efforts and regional needs through estimates provided in this study.
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Study limitations
The data presented in this study represents only a portion of all major limb amputations
worldwide. Many etiologies of major limb amputation are not considered in this study include

diabetes and dysvascular causes, infection, cancer and congenital birth defects.

The GBD estimates lack the specificity in level of amputation that a prosthetist or rehabilitation
specialist would require for detailed treatment planning. Clinical care and expected outcomes for
a person with a short transfemoral amputation would differ substantially from that of a person
with a long transtibial amputation. This study was unable to provide this level of detail and

therefore provides only a broad understanding of global amputation incidence.

Estimates in this paper are provided at the regional level rather than country level. National data
would allow countries to develop national prosthetic service provision plans, however, is less
reliable given limited number of low and middle income countries that report both E and N codes
in injury data. Regional data may result in over or underestimates in a given country. For
example, a country with civil war may be averaged into the estimate of amputations for other

countries within the same region.

The GBD 2015 study imposed a hierarchy to select the nature of injury category that lead to the
largest burden when a person experiences multiple injuries. Specifically, people who
experienced multiple severe injuries in addition to limb amputation, such as spinal cord injury or
traumatic brain injury, would not be accounted for in traumatic amputation estimates. This

hierarchy may result in an under estimation of traumatic amputation incidence.
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Conclusions

In 2015, we estimate that 1.2 million people experience a major limb amputation due to trauma.
Incidence and rate of amputation varied by cause, age and geography. Five regions consistently
had the lowest incidence and rate of traumatic amputation; High-Income North America,
Southern Latin America, Western Europe, Australasia and High-Income Asia Pacific. Regions
that had the highest incidence and rate were North Africa and Middle East, South Asia, Western
Sub-Saharan Africa and East Asia. Differences between age groups and regions can serve to

inform prevention strategies, future prosthetic care and rehabilitation services.
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