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Abstract Objective: This systematic review aims to evaluate current literature for the preva-
lence, causes, and effect of low back pain (LBP) in traumatic lower limb amputees, specifically
its association with the kinematics and kinetics of the lumbar spine and lower extremities.
Data Sources: Databases (EMBASE, MEDLINE, Scopus, CINAHL, PsycINFO) were searched sys-
tematically for eligible studies from inception to January 2018.
Study Selection: The inclusion terms were synonyms of low back pain, lower limb amputation,
and trauma, whereas studies involving nontraumatic amputee populations, single cases, or re-
views were excluded. 1822 studies were initially identified, of which 44 progressed to full-text
reading, and 11 studies were included in the review.
Data Extraction: Two independent reviewers reviewed the included studies, which were
evaluated using a quality assessment tool and the Grades of Recommendation, Assessment,
Development and Evaluation system for risk of bias, prior to analyzing results and
conclusions.
Data Synthesis: There was an LBP prevalence of 52%-64% in traumatic amputees, compared
to 48%-77% in the general amputee population (predominantly vascular, tumor, trauma),
attributed to a mixture of biomechanical, psychosocial, and personal factors. These
factors determined the presence, frequency, and severity of the pain in the amputees,
significantly affecting their quality of life. However, little evidence was available on
causality.
Conclusion: The high prevalence of LBP in traumatic amputees highlights the necessity to
advance research into the underlying mechanics behind LBP, specifically the spinal
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kinematics and kinetics. This may facilitate improvements in rehabilitation, with the poten-
tial to improve quality of life in traumatic amputees.
ª 2019 The Authors. Published by Elsevier Inc. on behalf of the American Congress of Reha-
bilitation Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
A traumatic injury is one that is so severe and chaotic that
it requires immediate medical treatment1 and can often
lead to amputations. Lower limb amputations are of higher
prevalence than upper limb2,3 and of various types,
including transfemoral, transtibial, knee disarticulations,
and transpelvic.

Lower limb amputation frequently leads to chronic low
back pain (LBP) and is considered a secondary disability of
amputation.4,5 People who have experienced an amputa-
tion often complain of other pains, such as phantom limb
pain (PLP) and residual limb pain. PLP is a pain or sensation
relating to a limb or organ that has now been amputated,
whereas stump or residual limb pain occurs in the remaining
part of the amputated limb.6,7 There is confusion in the
literature about the effect of and difference between PLP
and residual limb pain with many articles failing to differ-
entiate between them. However, there is evidence in the
research literature that LBP in amputees is more bother-
some than any other pain.6

LBP is classified as pain around the lumbar spine (be-
tween the thoracic region and the pelvis); it is multidi-
mensional and can be defined by many elements such as
pain location, intensity, frequency, and its effect on daily
activities.6,8 Several factors such as physical or biome-
chanical factors (heavy-lifting work, awkward postures,
repetitive straining),6,9-13 psychosocial factors (anxiety,
depression, job dissatisfaction),12-15 and personal factors
(age, sex, mass, level of amputation, type of prosthesis,
amount of daily exercise, smoking)6,9,12,13,16-18 have been
heavily debated in contributing to LBP among all amputee
populations.

Many studies have explored LBP in the general and
amputeepopulations, with the latter presenting a higher LBP
prevalence,6,19 31%-37% in the general population,20,21 and
47.7%-76.6% for amputees.4-6,22-28 In all these populations,
although there appears to be an association between
amputation and LBP, the rationale behind this is unclear. This
is confounded by the mixed causes, age groups, and clinical
presentations of amputees included in past studies. Litera-
ture speculates that biomechanics of the lumbar spine
influences the frequency and severity of LBP in all pop-
ulations, but it has been difficult to fully understand why. By
analyzing the kinematics and kinetics of amputees during
daily activities, which are postulated to be different to that
of able-bodied individuals, it will be possible to investigate
the potential effect of altered mechanics. A recent sys-
tematic review determining the strength of existing research
into LBP formulated and rated empirical evidence state-
ments.29 The article highlighted the lack of confidence in the
existing research and emphasized the importance of further
studies into LBP among amputees, particularly their move-
ment kinematics.29 However, this review was not specific to
the role of biomechanics and as such it was unable to draw
any conclusions or highlight any evidence in relation to the
mechanical aspects of LBP. Conversely, the current review
will address this deficit and explore the role of mechanics in
the propagation of LBP. Traumatic amputees tend to be
younger and fitter than vascular disease or diabetic ampu-
tees. Thus, they are more capable of recovering from their
injury to a state where they are independently ambulating
and achieving high levels of functioning in daily activities.30

Past literature found unilateral traumatic transtibial ampu-
tees (TTAs) to have a similar metabolic cost of walking to
able-bodied individuals of the sameage andmass, and higher
gait function (eg, longer stride length and more symmetrical
step length) than other TTAs,31 suggesting that traumatic
amputees are more capable than the general amputee
population. Many achieve high levels of function; thus, the
prevalence and characteristics of LBP among amputees may
differ in the different amputee populations.

Understanding the propagators and potential mecha-
nisms of LBP specific to traumatic amputees has the po-
tential to inform care and management and the longer-
term rehabilitation process. Currently, there appears to be
limited information on functional kinematics and kinetics in
relation to amputees with and without LBP. This study
aimed to systematically review the literature for the
prevalence, mechanical etiologies, and consequences of
LBP in all presentations of lower extremity traumatic
amputeesdunilateral, bilateral, transfemoral, transtibial,
and knee disarticulation.

Methods

Eligibility criteria

All the following types of traumatic lower limb amputation
apart from transpelvic were included: unilateral, bilateral,
transfemoral amputees (TFAs), TTAs, and through-knee
amputees. For inclusion each study must have assessed
LBP and obtained physical measurements of daily tasks via
a biomechanical assessment, an objective marker/mea-
sure, or an imaging modality. Mixed amputee populations
(eg, trauma, vascular, tumor amputation groups) were not
accepted as part of this study, nor were single-case studies
or review articles. There was no language, publication
date, or status limitations imposed on the eligibility.

Search

The search for this review was conducted, from inception
to January 9, 2018, over the following databases: EMBASE
(since 1947), MEDLINE (since 1946), Scopus, CINAHL, and

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Low back pain in traumatic lower limb amputees 3
PsycINFO (since 1806). The search criteria were combina-
tions of synonyms of low back pain, lower limb amputation,
and trauma. An exemplar search strategy is given in
appendix 1. Potential additional records were found by
reviewing references of the included articles, prior to full-
text screening.

Study selection

Duplicates were removed from the identified articles and 2
independent reviewers reviewed all the titles and abstracts
for inclusion. The full-text articles were independently
assessed by 2 reviewers, and tables were completed by
both reviewers highlighting articles for exclusion with
reasoning. The tables were compared and any discrep-
ancies were discussed to finalize studies for inclusion in the
systematic review.

Assessment of risk of bias and quality of evidence

The National Institutes of Health Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies was
used as a basis for assessing risk of bias and procedural
quality of the included articles.32 As with the study selec-
tion process, 2 reviewers independently assessed the arti-
cles, and a unanimous agreement was reached. The quality
of evidence was assessed based on the Grades of Recom-
mendation, Assessment, Development and Evaluation with
quality categorized into high, moderate, low, and very
low.33
Results

Study selection

The search yielded 1810 articles. Of these, 361 articles
were removed as duplicates; the remaining 1449 records
were screened based on their title and abstract, producing
a list of 32 full-text articles for inclusion. The references of
these articles were reviewed revealing a further 12 articles
for inclusion, which resulted in a total of 44 articles pro-
gressing to full-text assessment. Upon reading the full
texts, 33 articles did not meet the inclusion criteria,
resulting in 11 articles being reviewed (fig 1).

Main characteristics of included studies

Table 1 details the main characteristics of the included
studies for ease of comparison; the title, aims, partici-
pants, and methods used are listed. The studies used
questionnaires, biomechanical testing, imaging, or
modeling to better understand the prevalence, the me-
chanics, or the consequences of LBP. The studies using
questionnaires were cross-sectional on larger co-
horts4,23,28 while those with physical testing were on small
cohort populations,34-39 with a mix of demographics and
biases. Of note, 94.4% of the all participants were men,
and all participants wore their prosthetics during physical
tests.
Assessment of risk of bias and quality of evidence

Figure 2 examines the quality of the evidence used in the
included studies, focusing on the risk of bias. All the studies
were cross-sectional and/or cohort studies. None of the
studies justified their sample size, implying a potential risk
of bias in the choice of sample population. Furthermore,
only half of the studies used an able-bodied control
group as a comparator.34-39 When reviewing potential con-
founders in fig 2, it can be seen that only Devan4 and Kul-
karni22 and colleagues took external factors into account.

Despite these shortfalls, it appears reporting of LBP
prevalence (52.8-64%)4,22,23,28 is consistent across articles.
The participation rates vary across studies, with one
recruiting less than 50% of the participants approached4

and many omitting participation rate details,34-39 again
creating a potential bias.

Studies investigating the prevalence of LBP

Many of the included studies4,22,23,28,38 used questionnaires
or interviews to assess the relation between LBP and
amputation. In most cases, these questionnaires served as
an initial assessment, obtaining subject-specific informa-
tion, and were followed by technical assessments. From the
initial assessment questionnaires, the researchers found an
LBP prevalence between 52.8% and 64%4,22,23,28; however,
this was reported over different time frames (ranging from
4wk to 6mo). The large population sizes and participation
rates exceeding 50% in most of the studies using question-
naires suggest a small possibility of error, indicating mod-
erate to high confidence that these prevalence rates are
representative.

Studies investigating the mechanical or anatomical
etiologies of LBP

Motion analysis
Five studies22,34,36-38 performed motion analysis on their
amputee cohort. A further 235,39 performed additional
analysis using data collected in a study by Hendershot and
Wolf.34 Table 2 briefly describes the focus of the motion
analysis in each of the 5 studies. All the studies did multiple
trials of each task.

From the gait data, Russell Esposito and Wilken38 were
able to determine the continuous relative phase between
the trunk and pelvis during the gait cycle at each walking
speed, to compare coordination, and highlight the effect of
LBP on gait. The study showed overall coordination vari-
ability was not significantly affected by amputation, LBP, or
speed. Amputees were able to maintain pelvis-trunk coor-
dination by modifying their movement in the frontal and
sagittal planes, while there were no significant differences
in the transverse plane. Similar results were found by
Hendershot and Wolf34 regarding the trunk-pelvic motion in
the 3 planes.

Hendershot et al37 used the motion data to calculate
segment angles and center of mass positions to input into
their finite element (FE) model and to determine ground
reaction forces for their biomechanical models.34,36 The
models were used to estimate resultant spinal loads,



Fig 1 PRISMA flow diagram showing figures for database search, screening, full-text articles, and included studies, with reasons
for exclusion at each stage.
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moments, and powers, which increased with increasing
speed and increasing level of amputation, although not
significantly. Kulkarni et al22 were able to use the force-
plate readings and calculate center of pressure displace-
ments, which were greater in the LBP group than in the
LBP-free group.

To summarize the self-selected speed findings, the LBP-
free group was faster than those with LBP22 and able-bodied
participantswere faster than the amputees.37 Overall, it was
found that the trunk-pelvic range ofmotion (ROM)was larger
in amputees than able-bodied participants. At higher
speeds, the trunk motion tends to become larger or faster,
and the resultant response of trunk musculature also in-
creases. As walking speed increased, the ROM increased
significantly in the frontal and transverse planes in the able-
bodied, TFA, and TTA groups. However, in the sagittal plane



Table 1 Main characteristics of included studies

Article Aims Participants Protocol

Ashraf et al28 � Impact of pain on the
spinal column during ADLs

Group

� 75 bilateral TFA
� 126 bilateral TTA
� 83 bilateral TFA and TTA
� 51 bilateral �1 TKA

Ave. age

� 42 y

Sex

� Men: 97.6%

Ave. time since
amputation

� Not specified

Participation rate

� 57.9%

Exclusion

� Previous back injuries
� Spinal column surgeries

Design

� Cross-sectional

Methods

� Physical examination
� Questionnaire

Devan et al4 � Prevalence of LBP
� RelationbetweenPA levels
with and without LBP

� Relation between PA
levels with and without
restricted ADLs

� Relation between LBP and
amputation-related
parameters

Group

� 145 TFA

Ave. age

� 56.8 y

Sex

� Men: 82.8%

Ave. time since
amputation

� 27.1 y

Participation rate

� 45%

Exclusion

� Lumbar spine surgery

Design

� Cross-sectional

Methods

� Survey
� Questionnaire

Hendershot and Wolf34 � Investigate triaxial joint
reaction forces and mo-
ments at lower back

� Explore bottom-up and top-
down modeling approaches

Group

� 20 unilateral TFA
� 20 unilateral TTA
� 20 able bodies

Ave. age

� TFA: 29.2 y
� TTA: 27.7 y
� Able bodies: 28.1 y

Sex

� Male: 100%

Ave. time since
amputation

� TFA: 3.1 y
� TTA: 1.8 y

Design

� Retrospective cohort

Methods

� Gait analysis
� Modeling

(continued on next page)
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Table 1 (continued )

Article Aims Participants Protocol

Participation rate

� Not applicable

Exclusion

� Other musculoskeletal or
neurologic conditions

� Use of upper-extremity
assistive devices

Hendershot and Wolf35 � Understand functional
contributions of tissue in
and around lower back

� Calculate ML joint powers
at lower back

Group

� 20 unilateral TFA
� 20 able bodies

Ave. age

� TFA: 29.2 y
� Able bodies: 28.1 y

Sex

� Male: 100%

Ave. time since
amputation

� TFA: 3.1 y

Participation rate

� Not applicable

Exclusion

� Other musculoskeletal or
neurologic conditions

� Use of upper-extremity
assistive devices

Design

� Retrospective Cohort

Methods

� Modeling

Hendershot and Wolf36 � Quantify & compare
lumbosacral joint kinetics

� Compare C-leg and power
knee devices

Group

� 9 unilateral TFA
� 9 able bodies

Ave. age

� TFA: 27.9 y
� Able bodies: 27.4 y

Sex

� Male: 100%

Ave. time since
amputation

� TFA: 1.4 y

Participation rate

� Not applicable

Exclusion

� Other musculoskeletal or
neurologic conditions

� Use of upper-extremity
assistive devices

Design

� Retrospective cohort

Methods

� Motion analysis
� Modeling

(continued on next page)
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Table 1 (continued )

Article Aims Participants Protocol

Hendershot et al37 � Quantify and compare
trunk muscle responses
and resultant spinal loads

Group

� 26 unilateral TFA
� 26 unilateral TTA
� 26 able bodies

Ave. age

� TFA: 32.2 y
� TTA: 28.2 y
� Able-bodies: 28.0 y

Sex

� Male: 100%

Ave. time since
amputation

� TFA: 3 y
� TTA: 1.1 y

Participation rate

� Not applicable

Exclusion

� Other musculoskeletal or
neurologic conditions

� Use of upper-extremity
assistive devices

Design

� Retrospective cohort

Methods

� Gait analysis
� FE modeling

Kulkarni et al22 � Prevalence of LBP
� Determine likely causes of
LBP

Group

� 77 unilateral TFA
� 115 unilateral TTA
� 10 bilateral TFA and TTA

Ave. age

� 48 y

Sex

� Male: 86.1%

Ave. time since
amputation

� 19 y

Participation rate

� 80.2%

Exclusion

� Previous back injuries or
surgeries

Design

� Cross-sectional
� Retrospective cohort

Methods

� Questionnaire
� Physical examination
� MRI scan for 20%
� Gait analysis for 20% (de-
tails for 20% not
specified)

Rahimi et al23 � Assess relation between
pain determinants and
HRQoL

Group

� 124 bilateral TFA
� 73 bilateral TTA
� 112 bilateral TFA and TTA

Ave. age

� 42 y

Design

� Cross-sectional

Methods

� Interview
� SF-36

(continued on next page)
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Table 1 (continued )

Article Aims Participants Protocol

Sex

� Male: 96.7%

Ave. time since
amputation

� 20 y

Participation rate

� 53.5%

Exclusion

� Underlying severe phys-
ical or mental condition

Russell Esposito and Wilken38 � Determine how pelvis-
trunk kinematics and
coordination differed
between groups

� Determine if walking speed
changes pelvis-trunk
kinematics and
coordination

Group

� 9 unilateral LBP TFA
� 7 unilateral LBP-free TFA
� 12 able bodies

Ave. age

� LBP TFA: 32.1 y
� LBP-free TFA: 28.4 y
� Able-bodies: 25.1 y

Sex

� Male: 100%

Ave. time since
amputation

� Not specified

Participation rate

� Not applicable

Exclusion

� Other injuries to low back
� Other orthopedic injuries

Design

� Retrospective cohort

Methods

� Questionnaire
� Gait analysis

Shojaei et al39 � Investigate differences in
internal tissue responses

Group

� 20 unilateral TFA
� 20 able bodies

Ave. age

� TFA: 29.2 y
� Able bodies: 28.1 y

Sex

� Men: 100%

Ave. time since
amputation

� TFA: 3.1 y

Participation rate

� Not applicable

Design

� Retrospective cohort

Methods

� Modeling

(continued on next page)
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Table 1 (continued )

Article Aims Participants Protocol

Exclusion

� Other musculoskeletal or
neurologic conditions

� Use of upper-extremity
assistive devices

Springer and Gill40 � Compare baseline muscle
thickness and during ADIM

Group

� 31 unilateral TFA
� 39 unilateral TTA

Ave. age

� TFA: 27.1 y
� TTA: 28.1 y

Sex

� Men: 98.6%

Ave. time since
amputation

� Not specified

Participation rate

� Not applicable

Exclusion

� Thosewithupper-extremity
amputations

Design

� Retrospective cohort

Methods

� Classroom ADIM training
� Ultrasound imaging

Abbreviations: HRQoL, health-related quality of life; ML, mediolateral; MRI, magnetic resonance imaging; PA, physical activity; SF-36,
Medical Outcomes Study 36-Item Short-Form Health Survey; TKA, through-knee amputee.
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there was only a significant increase with speed in the TFA
group.37 There was a similar finding by Russell Esposito and
Wilken38 in that the ROM in the sagittal planewas not as large
as in the other 2 planes, but was higher in the TFA-LBP group
than in the able-bodied participants.

Hendershot and Wolf34-36 highlighted the increased use
of the trunk and its asymmetrical motion in amputees
during simple daily tasks, like walking, standing up, and
sitting down. Kulkarni22 reported ground reaction force to
be higher on the intact limb in the unilateral participants
and also higher in the LBP group. The center of pressure
displacements during static standing tasks were greater in
the LBP group and also significantly higher when vision was
occluded.22 In unilateral participants, Hendershot and
Wolf34 characterized the amputated limb as having longer
step lengths, shorter stance durations, and longer swing
durations.

From the motion analysis data presented, none of the
studies were able to understand the effect of these changes
noted on spinal loading and thus the relevance with respect
to potential mechanisms of LBP is unclear. As a result, the
quality of the evidence of the motion analysis studies can
be deemed as low.

Modeling
Hendershot34-37 and Shojaei39 and colleagues used the
motion data to calculate forces and moments on the
lower back. Using a FE model, Hendershot et al37 found
both peak global and local muscle forces around the
lower back increased with increasing walking speed. More
specifically, from 1.0 to 1.4 m/s, local trunk muscle
forces increased by 18% in the control group, 26% in the
TTA group, and 36% in TFA group. It is also important to
note that with increasing speed, anterior-posterior shear
and compression loads also increased more in the
amputee groups (w81% and w31%) than in the able-
bodied group (w44% and w22%). In the mediolateral
shear direction, loads increased by w66% in the control
and TTA groups, but only by 22% in the TFA group, con-
trary to the pattern noticed in the other forces. The
study concluded that as walking speeds in amputees
increased, the more their movement pattern altered,
leading to a larger whole-body angular momentum. Usu-
ally, legs provide stability against this momentum, but in
amputees, the trunk has to increase its contribution,
leading to lower back injuries.37

Russell Esposito and Wilken38 supported this in that their
amputees demonstrated increased rigidity in some planes
of motion in an attempt to stabilize their center of mass.
The alterations reported by these 2 studies are also
confirmed by Kulkarni et al,22 who state continually
adjusting posture to maintain balance results in postural
muscle asymmetries leading to LBP. Shojaei et al39 who
used an FE model found there was asymmetrical and larger



Fig 2 Risk of bias assessment on included studies, based on
table 1. U Fulfils criteria. ✗ Does not fulfil criteria. ? Not
mentioned in study. e Not applicable. *Inclusion or exclusion
criteria are not clear (only mention is of unilateral, traumatic
amputees).
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trunk motion in amputees compared to able-bodied par-
ticipants resulting in increases in local and global trunk
muscle forces. This is supported by the findings of Hen-
dershot and Wolf,34 where the peak forces and moments in
the lateral, anterior-posterior, and vertical directions of
the prosthetic limb were greater in amputees than able-
bodied participants, and greater the more proximal the
amputation was, leading to substantial increases in spinal
loads.

Hendershot and Wolf34-36 used a 3-dimensional 15-
segment biomechanical model to calculate angles, inter-
segmental forces, moments, and powers at the L5/S1 joint.
Joint power is an estimate for the power (ie, rate of work
done) and thus represents the flow of energy at the joint; it
can be used to describe segmental motion.35,41 Hendershot
and Wolf35 found the total energy generated at the L5/S1
joint during the gait cycles to be 3 times greater among
amputees than in able-bodied participants. The moments
and powers were not only higher during gait, but also during
standing up and sitting down.36 All of these articles showed
increased trunk flexion toward the prosthetic limb; in-
dividuals alter their motion to maintain stability.37,38 The
models showed the intersegmental forces and moments at
the joint to be larger in the amputees compared to able-
bodied participants (eg, while walking at 1.4 m/s, the
peak compression force is 27.8 N/kg vs 23.5 N/kg),37 which
creates a compelling argument towards the origin of the
LBP. However, Shojaei39 found the spinal loads to be
approximately only 2 times the body weight, and, as such,
attributes LBP more to the repetitive loading created dur-
ing walking.

Generally, the studies are in agreement with each other
and there are some findings that strongly direct us into
recognizing potential causes of LBP. However, the small
cohort sizes express the lack of confidence, indicating only
a low level of evidence of the role of intersegmental forces
and moments in the propagation of LBP.

Imaging
Two articles used imaging in their research; Kulkarni et al22

used magnetic resonance imaging, whereas Springer and
Gill40 used ultrasound imaging. The first imaged the inter-
vertebral discs to investigate and compare how the disc
pathology, the facet joint degeneration, and the osteo-
phyte formation changed between participants with and
without LBP. The magnetic resonance imaging scans showed
little difference in disc pathology and between magnetic
resonance degenerative scores of TFA and TTA partici-
pants.22 The second article was more specific in their im-
aging; it compared side-to-side lateral abdominal muscle
thicknesses at baseline and during a procedure known as
the abdominal drawing-in maneuver (ADIM) using ultra-
sound. The results showed that the side-to-side symmetry
of lateral abdominal muscle thickness at baseline and
during ADIM in amputees is comparable to able-bodied
participants.40 Both studies found that in the unilateral
TFA participants, there was hypertrophy in the psoas mus-
cles on the intact limb side.22,40 The 2 methods are not
comparable and although it is important to note the reasons
for imaging and the findings from both the articles, the
confidence in the evidence is low.
Studies investigating the consequences of LBP and
its effect on daily living

The questionnaires primarily registered the etiology and
time of the amputation, along with the presence, fre-
quency, and severity of pain. Ashraf et al28 also collected
information on education level, marital and employment
status, because these are perceived to alter the psycho-
social perception of pain,14,15,42 but the information was
not used in their analysis.

Rahimi23 and Ashraf28 and colleagues documented fre-
quency of LBP in the last 6 months, whereas Devan et al4

and Russell Esposito and Wilken38 requested frequency in
the past 4 weeks. However, Kulkarni et al22 did not provide
a timeframe for the occurrence of the LBP. With relation to
the location of LBP, only Ashraf28 described where LBP
occurred by means of a schematic diagram. To measure
severity, Rahimi23 used a subjective severe or not severe;
Devan4 and Kulkarni22 used a visual analog pain score. Some
studies22,38 measured limb lengths or limb length discrep-
ancies (LLDs).

The questionnaires show 28%-39% of the participants re-
ported severe interference with activities of daily living
(ADLs),4,22,28 and of those who reported LBP, 38.7% stated it
had beenmore than 3 years since they experienced a pain-free
month.4 One study showed 32.9% of their participants experi-
enced pain in more than 1 location,28 with another stating LBP
and PLP were often reported together.23 This compliments
Kulkarni’s22 conclusion that those with severe LBP are more
likely to report PLP.

Devan,4 Rahimi,23 and Ashraf28 used questionnaires as
their main source of information. Rahimi23 used the Medical
Outcomes Study 36-Item Short-Form Health Survey, a vali-
dated questionnaire for investigating the health-related



Table 2 Details of motion analysis studies

Article Gait Analysis Focus Gait Analysis Specifics Other Experimental
Focuses

Other Experimental
Specifics

Hendershot
and Wolf34

Joint reaction forces
and moments at
lower back

1 self-selected speed ___ ___

Hendershot
and Wolf36

___ ___ Sit-to-stand: General
lumbosacral joint
kinematics

Measured GRFs at
amputees’ feet and
bottom

Hendershot
et al37

Effect of walking
speed on spinal loads

2 fixed speeds (1.0
and 1.4 m/s) and 1
self-selected speed

___ ___

Kulkarni et al22 Potential causes of
LBP

1 self-selected speed Static Balance Test:
With and without
vision

Measured GRFs for
each limb

Russell Esposito
and Wilken38

Pelvic-trunk
coordination

3 fixed speeds (1.0,
1.2, 1.4 m/s)

___ ___

Abbreviation: GRF, ground reaction force.
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quality of life in participants. Ashraf28 obtained subjective
ratings of their participants’ dependency in a variety of
tasks, and Devan4 scored participants using the Physical
Activity Scale for Individuals with Physical Disabilities.

The general consensus from the questionnaires is that
LBP is a significant contributor to low quality of life,4,23,28

but more than 61% of the participants remained indepen-
dent and were able to continue without any major re-
strictions to their ADLs.4,22,28 Although the findings of these
different studies appear consistent, methodological limi-
tations and shortfalls, such as the omission of key con-
founding factors, limit the validity of the evidence and
interpretation of the findings.
Discussion

This review attempted to determine potential causative
factors for LBP in traumatic lower limb amputees, with a
focus on the biomechanics of the spine and lower limb.
Although the included studies have explored the causes of
LBP in amputees, most of them have been of low quality,
with a number of limitations. A major limitation is the
relatively small trial numbers in the physical studies, sug-
gesting the results may not be representative of this pop-
ulation. Furthermore, the lack of sample size justification is
perhaps an indication of the size of the available population
leading to the researchers using samples of convenience.
This is accompanied by a limited number of studies
comparing the amputee cohort with an able-bodied control
group making it difficult to draw conclusions regarding
amputee health. Most studies included appropriate per-
sonal and background information on the amputees, but
many failed to document known factors associated with a
higher risk of LBP. For example, it is known that being
overweight influences mobility and is associated with
LBP,13,43 but few studies reported weight or body mass
index. Similarly, smoking is a known LBP risk factor,13 but
has not been considered. This review has highlighted
several areas that require attention in future research
which will be discussed below.
Although the findings of this review have identified a
clear association between lower limb amputation and
LBP, the mechanisms for this association remain unclear.
This is similar to the outcomes from studies with mixed
amputee populations. The literature found the main
contributors to LBP were uneven posture and asymmetric
movements of the lumbopelvic region, along with fatigue
during functional activities.12,44 Although this indicates
that the biomechanics has a big impact on LBP, the
rationale for it has not been identified. The traumatic
amputee literature notes the multifaceted nature of LBP
amongst amputees.8,22,23,28 Kulkarni et al22 noted that
severe LBP participants were more likely to suffer from
PLP; others have interpreted this differently, inferring
that the presence of PLP was a significant predictor of
LBP.42 This stresses the importance of identifying the
body regions in which the amputees experience the pain.
Only one of the included studies described the locations
of the bodily pains.28 In addition, few specified either the
frequency, severity, or intensity of pain and failed to use
validated pain scales. Kulkarni22 did not mention a time-
frame for pain, thus they could have been reporting past,
recent, or current pain.

The prevalence of LBP found in the included studies (52-
64%)4,22,23,28 was not different from that of the mixed
population amputees (47.7%-76.6%).4-6,22-28 The trauma-
only amputees had a smaller range of prevalence, and
were also toward the lower end of the spectrum, perhaps
because they are generally a younger cohort of partici-
pants. However, as mentioned above, the uncertainty in
these figures is that the researchers did not clearly define
LBP limiting generalizability of findings.

Past literature has reported links between the use of
prostheses and the prevalence of LBP.27,45 This suggests
that traumatic amputees being younger are therefore more
active, and use their prostheses more, so are more prone to
LBP in the future, although they may not have experienced
it yet. There is a need to understand activity levels, time
spent being active on the prostheses, and number of years
of prosthetic use with LBP prevalence. There is a theory
that the more proximal the amputation, the more pain the
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participant experiences,6,25,43,46 but we are unable to
confirm this in our review of the published traumatic cohort
literature. Hendershot’s37 results indicate that the more
proximal the amputation, the greater the increase in local
muscle force magnitudes, but the small cohort size limits
our confidence in the statement and as such further
research is required.

Hendershot et al37 and Russell Esposito and Wilken38

found that the spinal loads and trunk-pelvic dis-
coordination increase as walking speed increases, but the
cause of these increases requires further investigation.
Walking is a highly repetitive task,37 and repeated exposure
to these larger alterations can elevate the risk of LBP34,37;
the studies suggest LBP in amputees is due to fatigue.
Shojaei et al39 found estimated spinal loads during walking
to be twice the body weight. Tissue failure thresholds can
be significantly lower for high cycles of loading than for
single loading.47 Since the failure threshold for vertebral
endplates is approximately 5 kN, which is approximately 6
times the body weight,48 this would suggest that perhaps
their LBP is due to loading fatigue.

The gait analyses show that there is a difference in results
between the different levels of amputations. Literature
states LBP is a result of altered gait and altered movement
patterns due to amputation.5,6,11,22,49-51 For example, there
are theories suggesting TFA participants have increased
pelvic tilt to compensate for reduced hip extension,38 which
in turn has been linked with LBP.12,52-54 Few studies used the
gait data to model the body and calculate spinal kinematics.
Although they show increases in the intersegmental forces,
moments, and powers, the mechanical reasoning is not un-
derstood. Furthermore, the studies that investigated the
changed mechanics of the amputees did not report LBP
prevalence,34-39 so it is difficult to draw mechanistic con-
clusions relating the altered gait to LBP. By linking spinal
kinematic data and information on LBP presence in various
ADLs, it will be possible to come to a better conclusion
regarding the effect of altered movement patterns, and
which movements most influence LBP.

Kulkarni et al22 found greater center of pressure dis-
placements in those with LBP and in those that had their
vision occluded; both relate to limited balance. Balance has
been identified as a deficiency in amputees and influences
much of the varied motion patterns witnessed in ampu-
tees.55-61 Literature suggests the visual sensory system has
a high effect on balance and sway55,56,62-66; because am-
putees have loss of ankle function, their balance could be
compromised.59 Although it is known that the constant
perturbations, pelvic tilt, and LBP are connected, the
included articles have not explored the connection be-
tween balance and LBP.

Imaging is the only means possible to investigate the un-
derlying anatomical structures of the participants, yet only 2
studies employed imaging. In these studies, imaging was
focusedon specific areas of the lower back. Kulkarni22 looked
at the intervertebral disc; literature suggests that lateral
bending, perhaps due to LLD or pelvic tilt, can compress the
disc and cause it to bulge.67,68 Springer and Gill40 studied the
lateral abdominal muscles during ADIM; ADIM is a basic ex-
ercise for lumbar stability, which thickens the transverse
abdominis to maintain side-to-side symmetry,40 which has
been shown to help minimize LBP.69 In both cases, no
differences in muscle anatomy were found between ampu-
tees and able-bodied participants. Past literature has shown
a correlation between LBP and age-related disc degenera-
tion.70,71 However, the traumatic amputees in the studies
cited are generally young at point of wounding which might
explain why there is little difference in disc pathology. Both
studies identified hypertrophy in the psoas muscles on the
intact side of unilateral amputees. This hypertrophy could
lead to an anteriorly rotated pelvis and loss of hip extension
with associated implications on spinal posture and loading.
Further to this, it would be useful to explore differences in
the musculature structure and quality in terms of strength,
flexibility, and endurance between able-bodied participants
and amputees. Anatomical differences between the
different groups would imply that customized rehabilitation
techniques must be used on each group to counteract the
effect of the altered gait patterns.

The included studies and literature clarify that many
factors influence LBP, including psychosocial determinants
(eg, job dissatisfaction, anxiety, depression), LLD, mass,
age, and level of amputation, all of which are unique to
each individual. However, it has not been possible to
identify core causative mechanisms, and few studies have
proceeded to determine spinal loading in the different
amputee types. Mathematical modeling such as FE
modeling or inter-segmental modeling is a potential
method to understand the mechanical implications on LBP.
To date, there is limited research in this area relating to
traumatic amputees.

It has been difficult to identify potential causes or factors
that contribute to high levels of LBP in traumatic amputees, in
part due to poor quality of current literature. Lower limb
amputations are commonduringmilitary or political conflicts,
often caused by blast from improvised explosive devices.72,73

These can be on the battlefield with military personnel, in
events such as the Boston marathon bombing in April 2013
where athleteswere injured, or in recent episodes of terrorist
activities such as the bombings across Sri Lanka in April 2019.
Thecommonality of theseevents is that oftenmany youngand
healthy individuals have been hurt. To study this cohort of
amputees, military cohorts provide a unique opportunity due
to their accessibility and commonality in fitness baseline.
Currently, it is particularly difficult to draw conclusions on the
traumatic cohorts asmostpast studies have notdifferentiated
betweenmilitary trauma fromblasts andcivilian trauma, such
as road traffic accidents. Military amputees are usually fitter
and stronger pretrauma than those in the general population
who sustain an amputation after trauma.4,42,74-77 Further-
more, the nature of their injury has frequently arisen from
blast exposure and as such they may present with other in-
juries and issues beyond their amputations.78 It is understood
that the military cohorts require more complex surgical in-
terventions, frequently more than 1, to stabilize their
amputation.73 As a result, rehabilitation post military ampu-
tation is more focused and individual than in the general
population,73 and amputees have access to higher performing
prostheses.79 To fully understand the mechanisms, there is a
need for a better methodological study that compares the
different amputee groups (TFA/TTA/able-body/LBP/LBP-
free/unilateral/bilateral) systemically in terms of personal
factors influencing LBP, their anatomical structures, and their
biomechanical movements in various conditions.
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A potential limitation of this systematic review is that it
focuses solely on traumatic amputees and not a mixed
population. However, the review found that a number of
psycho-social, physiological, and biomechanical factors in-
fluence the reporting of LBP in traumatic amputees
contributing to 53%-64% prevalence rate. This prevalence
rate is lower than that reported in mixed amputee pop-
ulations, supporting the hypothesis that traumatic ampu-
tees are different from other types of amputees, and need
to be considered separately.

In summary, LBP in traumatic amputees appears to be
multidimensional and our understanding of causative fac-
tors is limited. With such a high prevalence of LBP in am-
putees, there is a necessity to further our understanding so
that strategies to manage and prevent LBP, and improve
amputee quality of life can be developed.
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