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Background: The rise of diabetes and traumatic injury has increased limb loss-related
morbidity in low- and middle-income countries (LMICs). Despite this, the majority of
amputees in LMICs have no access to prosthetic devices, and the magnitude of prosthesis
impact on quality of life (QOL ) and function has not been quantified.

Objectives: Quantify the impact of prostheses on QOL and function in Tanzanian transfemoral
amputees.

Method: A prospective cohort study was conducted. Transfemoral amputees at Muhimbili
Orthopaedic Institute were assessed twice before and three times after prosthetic fitting using
EuroQol-5D-3L (EQ-5D-3L), Prosthetic Limb Users Survey of Mobility (PLUS-M), 2-minute
walk test 2MWT) and Physiologic Cost Index (PCI). Data were analysed for change over time.
Subgroup analysis was performed for amputation aetiology (vascular or non-vascular) and
prosthesis use.

Results: Amongst 30 patients, EQ-5D, PLUS-M and 2MWT improved after prosthesis provision
(p < 0.001). EuroQol-5D increased from 0.48 to 0.85 at 1 year (p < 0.001). EuroQol-5D and
2MWT were higher in non-vascular subgroup (p < 0.030). At 1-year, 84% of non-vascular and
44% of vascular subgroups reported using their prosthesis (p = 0.068).

Conclusion: Prosthesis provision to transfemoral amputees in an LMIC improved QOL and
function. This benefit was greater for non-vascular amputation aetiologies. Quality of life and
function returned to pre-prosthesis levels with discontinued use of prosthesis.

Keywords: low- and middle-income countries; transfemoral amputation; above-knee
prosthesis; quality of life; functional status; Tanzania.

Introduction

Limb loss is a devastating and debilitating condition that leads to dramatic changes in the lives of
amputees. Reports from high-income countries (HICs) have documented that amputations negatively
impact the quality of life (QOL), posing significant physical and psychosocial challenges on amputees
(Sinha, Van den Heuvel & Arokiasamy 2011). In HICs, the most common aetiologies of lower
extremity amputation are peripheral vascular disease and diabetes, but in low- and middle-income
countries (LMICs), the most common aetiologies include trauma, infection, diabetes and malignancy
(Agu & Ojiaku 2016; Chalya et al. 2012; Gebreslassie, Gebreselassie & Esayas 2018; Grudziak et al.
2017; Loro & Franceschi 1999; Ogeng’o, Obimbo & King’ori 2009; Thanni & Tade 2007). In LMICs,
traumatic injuries now cause more death and disability than malaria, tuberculosis and HIV combined
(James et al. 2018) because of wartime conflicts and the increase in road traffic accidents associated
with rapid urbanisation (Harkins, McGarry & Buis 2013). Concurrently, as populations in LMICs
age, the impact of non-communicable diseases, such as obesity and diabetes, has grown (Hossain,
Kawar & El Nahas 2007). The net effect of this changing health burden in LMICs is a growing number
of amputees with severe disability and few resources allocated to manage their challenging condition
("World Report on Disability’ n.d.). It is estimated that over 29 million individuals in resource-limited
environments are in need of orthotic and prosthetic services (Harkins et al. 2013).

In HICs, treatment for limb loss focuses on the physical and psychosocial effects of amputation
and usually includes the provision of a prosthesis to improve mobility (Wurdeman, Stevens &
Campbell 2017). Prosthesis usage is associated with higher levels of employment, higher QOL
and reduced secondary health issues (Pasquina, Carvalho & Sheehan 2015), although patients
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with dysvascular amputations report worse function than
those with traumatic amputations (Amtmann et al. 2015).
Compared to the robust literature on the impact of limb loss
and benefits of prostheses in HICs, little has been done in
LMICs, and much of the HIC-produced research is poorly
applicable to the LMIC environment (Aluede et al. 2012;
Harkins et al. 2013). Unique to LMIC prosthetic needs is the
importance of affordability, durability and repairability
(Wyss et al. 2015). Therefore, the selection of context-
appropriate prostheses is critical to achieving the benefits of
improved function, aesthetics and productivity associated
with QOL.

Whilst some LMIC studies describe the aetiologies of lower-
extremity amputation and lack of prosthetic and rehabilitation
services (Agu & Ojiaku 2016; Chalya et al. 2012; Cummings
1996; Gebreslassie et al. 2018; Grudziak et al. 2017; Loro &
Franceschi 1999; Magsood et al. 2015; Ogeng’o et al. 2009;
Thanni & Tade 2007), literature fails to address post-
amputation determinants of QOL, function or impacts of
prosthesis provision. Whilst the need for greater access to
prosthetic services in LMICs is well established (Cummings
1996), the actual provision of these services has yet to meet
those stated needs because of factors including prohibitive
costs to both patients and institutions, lack of trained local
prosthetics professionals and poor infrastructure for post-
amputation care (Harkins et al. 2013; Ibrahim et al. 2019;
Wyss et al. 2015). There remains a gap in the literature
demonstrating the magnitude of QOL and functional
benefits before and after the provision prostheses. Studies
that further the understanding of the benefits of prostheses in
LMICs will add needed weight to advocacy efforts for
increased access to prosthetic services for amputees.

The objective of this study was to measure the impact of
prostheses on QOL and function in transfemoral (TF)
amputees in Tanzania. Prosthesis provision was hypothesised
to improve QOL and function in TF amputees.

Methods

We conducted a single-arm pre-post prospective cohort
study enrolling TF amputees at Muhimbili Orthopaedic
Institute (MOY) in Dar es Salaam, Tanzania.

Study participants

All patients presenting to MOI Prosthetics and Orthotics
workshop with TF amputation were screened for eligibility
between June 2017 and July 2018 (see Figure 1a for eligibility
criteria). Written informed consent was obtained.

Sample size

The study was powered to detect a difference in EuroQol-
5D-3L (EQ-5D-3L) before and after the provision of a
prosthesis. Power calculations were performed based on a
pilot study of 21 TF amputees (Shaw et al. 2018) that
reported a change in EQ-5D of 0.3 (standard deviation
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[SD]: 0.25) with prosthesis use. To achieve 90% power and
a Bonferroni-corrected alpha of 0.0125 for four repeated
measurements, the study required at least 10 patients.
Assuming a loss to follow-up rate of 20%, the minimum
enrolment was 13 amputees.

Intervention

All patients received a definitive modular endoskeletal
transfemoral prosthesis, which is typical for the region and
within the technical capabilities of local providers. The
prosthesis included Ottobock (Germany) socket materials:
stockinette, carbon fibre and lamination resin, the LegWorks
(Canada) All-Terrain Knee, Ortpar Ortopedi (Turkey)
alignable components and Solid Ankle Cushion Heel (SACH)
foot and local Tanzanian supplies: cosmetic foams, stockings
and plaster of Paris. Suspension of the prosthesis was
achieved by skin fit suction methods. A Silesian belt was
added if needed. All components and materials were selected
collaboratively with research partners and local providers.
Prostheses were provided at no cost to study participants,
and all fitting and fabrication were performed by certified
local prosthetists. Gait training was performed by prosthetists
during fitting and dynamic alignment, prior to application of
the outer cosmetic foam. The quality of prosthetic fit and
alignment was assessed via annual site visits by UCSF
prosthetists.

Study timeline

Participants were assessed at baseline before receiving
prostheses and followed for 1 year after fitting at 1, 6 and 12
months. Quality of life and functional outcomes, including
EQ-5D-3L, Prosthetic Limb Users Survey of Mobility 12-item
short form (PLUS-M), 2-minute walk test 2MWT) and
Physiologic Cost Index (PCI), were assessed and analysed for
change over time (Figure 1b).

Patients who were unable to attend the 12-month follow-up
visit in person were contacted by telephone, and only EQ-5D
and PLUS-M data were collected.

Baseline data

Basic demographic data including age, sex, employment,
tobacco and alcohol use and estimated pre-amputation
health-related QOL (HRQOL ) and indication for amputation
were obtained at the initial visit.

Patient-reported outcomes

EuroQol-5D and PLUS-M questionnaires were administered
to assess HRQOL and mobility, respectively. The EQ-5D is a
five-question validated, standardised, nondisease-specific
instrument for describing and valuing HRQOL based on
five dimensions: mobility, self-care, usual activities, pain or
discomfort and anxiety or depression (eds. Szende, Oppe &
Devlin 2007). The EQ-5D Swahili translation, a readily
available and validated version, was converted to an index



http://www.ajod.org

a. Rationale

Inclusion criteria
1. Adult patients (> 18 years old) | Skeletal maturity and ability to consent

2. Completed TF amputation

3.>6 months from TF
amputation

Study of TF prosthesis

Reduce bias in baseline assessment related
to early post-surgical and/or post-trauma
recovery

Exclusion criteria
1.> 2 years from TF
amputation

Prolonged non-ambulatory period may
negatively impact functional recovery with
prosthesis

Baseline QOL/function and rate of
improvement likely to differ between current
prosthesis users and first-time prosthesis users

2. Current or previous
prosthetic limb

3. Inability to complete
survey instruments

Cognitive deficits, most commonly due to
traumatic brain injury or psychiatric illness,
may preclude the use of survey instruments
necessary to assess the primary and
secondary outcomes.

Low functioning patients unlikely to benefit
from the provision of a prosthesis

4. Poor prognosis that would
prevent independent
ambulation with prosthesis

5. Inability to comply with Avoid high loss to follow up

follow-up

Abbreviations: Transfemoral (TF)
T, Literacy was not required to complete surveys. Ability to verbally comprehend
and respond to survey questions was considered sufficient for participation.

b.

Pre-prosthesis Post-prosthesis
Baseline Fitting  1- 6- 12-months
month months in-person telephone

Assessment
Demographicsi
Amputation characteristics

EQ-5D} . . . . .
PLUS-M{ 3 3 3 . 3
2MWTY . . . .
PCIF . . . o

. .

Prosthetic usef
Abbreviations: Euroqol-5D-3L (EQ-5D); Prosthetic Limb Users Survey of Mobility
(PLUS-M); 2-minute walk test (2MWT); Physiologic Cost Index (PCl)

T, Data collected by certified local prosthetist

i, Data collected by trained research coordinator

FIGURE 1: Eligibility criteria and schedule of data collection events: (a) the
inclusion and exclusion criteria along with rationale used to generate the
included cohort of patients and (b) the schedule of which assessments were
performed at each timepoint throughout the study. The data collected at
12 months was dependent on whether the visit was conducted in-person or
by telephone.

score ranging from —0.145 to 1 using weightings based on data
from Zimbabwe (eds. Szende et al. 2007). The PLUS-M is a
12-question validated instrument used to measure mobility by
assessing respondents’ perceived ability to carry out specific
activities that require the use of both lower limbs (‘Prosthetic
Limb Users Survey of Mobility [PLUS-M™] Version 1.2 Short
Forms Users Guide’ 2014). Prosthetic Limb Users Survey of
Mobility was translated to Swahili using the method
recommended by the instrument developer, which included
both forward- and back-translation using professional
translators. The survey responses were converted to an index
score (T-score) ranging from 17.5 to 76.6 using the recommended
algorithm ("Prosthetic Limb Users Survey of Mobility [PLUS-
M™] Version 1.2 Short Forms Users Guide’ 2014). At the initial
visit, patients were asked to recall EQ-5D and PLUS-M for the
period prior to amputation, (pre-amputation) although these
data were not included in statistical analyses to avoid recall
bias. The questionnaires were also administered at the following
timepoints: at the casting visit before the provision of the
prosthesis (pre-prosthesis) and at 1, 6 and 12 month follow-up
visits after prosthesis fitting.
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Functional outcomes

Function was assessed using 2MWT and PCI at pre-prosthesis
and each subsequent visit. 2-Minute walk test and PCI are
functional metrics to assess patients” mobility as a function of
the distance a patient can ambulate in 2 min, including
changes in heart rate (HR) during activity (Guirao et al.
2017). Patients walked along a corridor marked every 1.5 m,
and the total distance ambulated within 2 min was recorded.
Time was measured using a stopwatch, and distance was
measured according to the 1.5 m distance markings, to the
nearest meter. Heart rate was measured and recorded before
and after the 2MWT using an HR monitor (Polar FT7, Polar
Electro, Kempele, Finland). Physiologic Cost Index has been
used as a simple, indirect measure of oxygen cost during
exercise and is defined as (Fredrickson, Ruff & Daly 2007):

teady stte exercise (beats/min) -HR (beats/min)

H
PCI(beats/m )=
( cats m) Walking speed (m/min)

[Eqn1]

All measurements completed prior to prosthesis provision
were assessed with patients using only their preferred
assistive devices.

Data collection and statistical analysis

Data were collected by local research coordinators and
certified prosthetists on laptop computers into Research
Electronic Data Capture (REDCap), a secure, web-based
software platform designed to support data capture, hosted
at UCSF (Harris et al. 2009, 2019). Amputation characteristics
were assessed by prosthetists. Baseline patient characteristics
and EQ-5D, PLUS-M, 2MWT and PCI were collected by
trained research coordinators.

De-identified data were exported to Stata 16.0 for analysis.
One-way repeated measures Analysis of Variance (ANOVA)
and post hoc pairwise comparison with Bonferroni
correction were used for the analysis of continuous
outcomes over time. For comparison between amputation
etiology subgroups and prosthesis use subgroups, unpaired
student’s t-test was used for continuous variables, and
Fisher’s exact test was used for categorical variables and
p-value of 0.05 was used for significance.

Ethical considerations

The study was approved by the Ethical Review Board of the
University of California, San Francisco (IRB#15-15804;
Ref#244759), Holland Bloorview Kids Rehabilitation Hospital
(REB#16-686) and the National Institute for Medical Research
in Tanzania (Ref. NIMR/HQ/R.8a/Vol. IX/2122).

Results
Study population

Of the 38 TF amputees enrolled, 30 (78.9%) had complete
EQ-5D data at a minimum of 6 months after prosthesis
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fitting and were included in final data analysis (Figure 2,
Table 2-A1). The mean age was 46 years (SD: 17.6), the
meantime since amputation was 388 days (range 183-803)

66 Screened for eligibility

Excluded:
Unable to complete fitting process
within study timeline (n = 28)

A4

A 4

38 Enrolled

8 Lost to follow-up

v

v
30 Included in analysis
at 1-year follow-up:
19 in-person visit
9 telephone visit

FIGURE 2: Flowchart demonstrating screening, enrolment and follow-up for study
participants.

TABLE 1: Patient demographic.
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and the mean estimated EQ-5D before amputation was 1.00
(SD: 0.03). At 1 year after fitting, 20 (71%) patients reported
using their prosthesis (Table 1).

We assessed the indications for amputation and found that
15 (50.0%) were because of trauma, seven (23.3%) diabetes,
four (13.3%) tumour, three (10.0%) vascular disease and one
(3.3%) chronic osteomyelitis. Patients who received TF
amputation for trauma, tumour or infection were significantly
younger (38 years, SD: 13.4) than patients who received TF
amputation for diabetes or vascular disease (62 years, SD:
13.5; p < 0.01). The trauma, tumour and infection amputees,
20 (66.7%), were categorised as the ‘non-vascular’ subgroup
and the diabetes and vascular disease amputees, 10 (33.3%),
were categorised as the ‘vascular’ subgroup. There was no
difference between the subgroups in estimated pre-
amputation EQ-5D (p = 0.16).

Patient-reported outcomes

EuroQol-5D was higher than pre-prosthesis baseline (0.50)
at 1 month (0.84, p < 0.001), 6 months (0.91, p < 0.001)
and 12 months (0.86, p < 0.001) after prosthesis fitting
(repeated-measures ANOVA, p <0.001; Figure 3a, Table 1-A1).

Factor All patients Amputation reason )4
Non-vascular Vascular
N % Mean (SD) Mean N % Mean (SD) Mean N % Mean (SD) Mean
(range) (range) (range)
N 30 - - - 20 - - - 10 = = S =
Age (years) 45.87 - 17.61 - 37.75 - 13.39 - 62.10 - 13.47 - <0.01*
Sext 26 87 - - 18 90 - - 8 80 - - 0.58
Employed prior to amputation - - - - - - - - - - - - 0.06
No 2 7 - - 1 5 - - 1 10 - - -
Formal employment 8 27 - - 3 15 - - 5 50 - - -
Informal employment 20 67 - - 16 80 - - 4 40 - - -
Employed since amputationi 3 10 - - 3 15 - - 0 0 - - 0.53
Smoker - - - - - - - - - - - - 0.03*
Current 1 3 - - 1 5 - - 0 0 - - -
Former 5 17 - - 1 5 - - 4 40 - - -
Never 24 80 - - 18 90 - - 6 60 - - -
Alcohol use§ 6 20 - - 2 10 - - 4 40 - - 0.14
Amputation side - - - - - - - - - - - - 0.14
Left 18 60 - - 14 70 - - 4 40 - - -
Right 12 40 - - 6 30 - - 6 60 - - -
Days from amputation to 387.79 - - 183-803 412 - - 195.97 304.80 - - 138.98 0.13
prosthesis fitting
Used assistive devices for 17 65 - - 9 53 - - 8 89 - - 0.1
ambulation
Diabetes{ 8 27 - - 1 5 - - 7 70 - - <0.01*
Peripheral vascular diseaseq| 5 17 - - 0 0 - - 5 50 - - <0.01*
Other comorbidities{{ 4 13 - - 2 10 - - 2 20 - - 0.58
Prosthesis use at 12 months§§ 20 71 - - 16 84 - - 4 44 - - 0.07
EQ-5D index prior to amputation 1.00 - 0.03 - 1 - 0 - 0.99 - 0.05 - 0.16
EQ-5D VAS prior to amputation 94.83 - 11.21 - 93.75 - 13.36 - 97 - 4.50 - 0.46

SD, standrad deviation; EQ-5D, EuroQol-5D; VAS, visual analog scale.

*, p<0.05.

T, Sex reported as number and % of population male.

I, Employment reported as % of population who are employed.

§, Alcohol use reported as % of population who use alcohol.

9|, Diabetes reported as % of population with diabetes.

1+, Peripheral vascular disease reported as % of population with peripheral vascular disease.
11, Includes: heart, lung and kidney disease and stroke.

§§, Prosthesis use reported as % of population using prosthesis at 12 months.

http://www.ajod.org . Open Access



http://www.ajod.org

Page 5 of 10 . Original Research

—— 95% Cl —@— Using prosthesis -<2-- Not using prosthesis ‘ a —@— All --A- Non-vascular - fll- - Vascular ‘ b
*
1.0 4 * *
(=]
2 2
g g
0.2 0.2 -
O = O -
T T T T T T T T T T
& e o o o PR o o
& & F S o & @ o o
N N
& ISR
e,’b ‘Qf e,’b ‘Qf
S € <
75 — 95% Cl —@~— Using prosthesis -<2-- Not using prosthesis ‘ C
i 75
.
65 ¢
‘)o
g S 55
3 i
i -
45
= g ®
3 3
=] =
a Q35
25 25 -
15 15
T T T T T T T T T T
S} N o o o Q N o o (]
2O 9 B \
\\',"50 ,359?’ KN & 06‘ ,@,oo g\@e & & 'CV@
& ° &
< a4
PRANIN\ AR
€ ] Q@ ]

Note: Patient-reported outcome scores for patients reported to be using their prosthesis are shown in black, for patients reported not to be using their prosthesis are shown in red, for patients who
underwent transfemoral amputation for trauma, tumour or infection are shown in blue and for patients who underwent transfemoral amputation for diabetes or vascular disease are shown in
green. 95% confidence intervals (95% Cl) are reported. p-values were calculated using one-way repeated measures ANOVA and post hoc pairwise comparison with Bonferroni correction between

pre-prosthesis and each subsequent follow-up timepoint, *, p < 0.05.

FIGURE 3: Patient-reported outcomes before amputation, at the casting visit before prosthesis fitting, 1, 6 and 12 months after prosthesis fitting: (a) EuroQol-5D (EQ-5D) health
status scores before amputation (pre-amputation), at the casting visit before prosthesis fitting (pre-prosthesis) and at 1 month (1 mo), 6 months (6 mo) and 12 months (12 mo)
follow-up after prosthesis fitting; (b) EQ-5D health status scores for patients separated by the reason for amputation at pre-amputation, pre-prosthesis, 1 mo, 6 mo and 12 mo for
patients reported to be using their prosthesis; (c) Prosthetic Limb Users Survey of Mobility (PLUS-M) scores at pre-amputation, pre-prosthesis, 1 mo, 6 mo and 12 mo; (d) PLUS-M
scores for patients separated by the reason for amputation at pre-amputation, pre-prosthesis, 1 mo, 6 mo, and, 12 mo for patients reported to be using their prosthesis.

At 12 months, EQ-5D was higher in patients who reported
using their prostheses (0.96) than for those who reported not
using their prostheses (0.60, p < 0.001). At 12 months, EQ-5D
in the non-vascular subgroup (0.99) was higher than the
vascular subgroup (0.85, p < 0.001) (Figure 3b, Table 1-Al).

Prosthetic Limb Users Survey of Mobility was higher than
pre-prosthesis baseline (39.94) at 6 months (54.04, p < 0.001)
and 12 months (53.71, p < 0.001) after prosthesis fitting
(repeated-measures ANOVA, p < 0.001; Figure 3c, Table 1-A1).
At 12 months, PLUS-M scores were higher for patients who
reported using their prosthesis (60.12) than for those who
reported not using their prosthesis (38.48, p < 0.001).
At 12 months, PLUS-M for the non-vascular subgroup (62.50)
trended higher than for the vascular subgroup (51.2, p = 0.052)
(Figure 3d, Table 1-A1).

http://www.ajod.org . Open Access

Functional outcomes

The distance ambulated, in meters, during the 2MWT
increased after prosthesis fitting (repeated-measures
ANOVA, p < 0.001), trending higher than pre-prosthesis
baseline (68.26) at 6 months after prosthesis fitting (84.87,
p = 0.059; Figure 4a, Table 1-A1). Distance ambulated by
the non-vascular subgroup was higher than the vascular
subgroup at 1 month (66.81, p = 0.018) and 6 months
(91.47, p = 0.024) after prosthesis fitting (33.25 and 50.20,
respectively) (Figure 4b, Table 1-A1l).

Physiologic Cost Index was never significantly different
from pre-prosthesis baseline (repeated-measures ANOVA
p = 0.0623; Figure 4c, Table 1-A1l). Physiologic Cost Index
was significantly lower in the non-vascular subgroup than
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Note: Functional outcome scores for all patients are shown in black, for patients who underwent transfemoral amputation for trauma, tumour or infection are shown in
blue and for patients who underwent transfemoral amputation for diabetes or vascular disease are shown in green. 95% confidence intervals (95% Cl) are reported.
p-values were calculated using one-way repeated measures ANOVA and post hoc pairwise comparison with Bonferroni correction between pre-prosthesis and each

subsequent follow-up timepoint.

FIGURE 4: Functional outcomes before amputation, at the casting visit before prosthesis fitting, 1, 6 and 12 months after prosthesis fitting: (a) 2-minute walk test scores
at the casting visit before prosthesis fitting (pre-prosthesis) and at 1 month (1 mo), 6 months (6 mo) and 12 months (12 mo) follow-up after prosthesis fitting; (b) 2-minute
walk test scores for patients separated by the reason for amputation at pre-prosthesis, 1 mo, 6 mo and 12 mo; (c) Physiologic Cost Index (PCl) at pre-prosthesis, 1 mo,
6 mo and 12 mo and (d) PCI for patients separated by the reason for amputation at pre-prosthesis, 1 mo, 6 mo and 12 mo.

in the vascular subgroup at pre-prosthesis baseline (0.90 vs.
2.98, p = 0.011), 1 month (1.03 vs. 5.11, p < 0.001) and 6
months (0.82 vs. 1.53, p = 0.010) after prosthesis fitting
(Figure 4d, Table 1-A1).

Prosthesis use at 12 months after fitting

At 1 and 6 months after fitting, all patients reported using
their prosthesis. At 12 months after fitting, 16 (84%) patients
in the non-vascular subgroup reported using their prosthesis
whilst just four (44%) patients in the vascular subgroup
reported using their prosthesis, although this difference did
not reach statistical significance (p = 0.068).

Of the three patients in the non-vascular subgroup who
reported not using their prosthesis, two described having
fully abandoned their prosthesis, whilst the third expressed
interest in resuming use after recovery from an unrelated

http://www.ajod.org . Open Access

illness. In contrast, all five patients in the vascular subgroup
who reported not using their prosthesis described having
fully abandoned the prosthesis. Reasons provided for
prosthesis abandonment in the vascular subgroup included
socket loosening leading to poor fit and contralateral
amputation leading to wheelchair use.

Discussion

We prospectively followed 30 TF prosthesis recipients for 1
year after fitting to measure impacts of prostheses on QOL
and function. We found, as hypothesised, that HRQOL and
function improved significantly after prosthesis provision.
Whilst data are limited on impacts of prostheses in LMICs,
HIC studies have reported improvements in QOL , mobility
and secondary health issues with prosthesis usage in lower
limb amputees (Pasquina et al. 2015). Here, we demonstrate
similarly that the provision of a prosthesis improves HRQOL
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, mobility and function in TF amputees in Tanzania. The
demographics of the cohort captured are consistent with
previously documented Tanzanian amputee populations
(Chalya et al. 2012; Shaw et al. 2018).

Our study showed that prosthesis benefits were greater for
non-vascular compared to vascular amputation aetiologies.
The non-vascular subgroup was found to be younger, likely
representing a healthier subset of TF amputees with greater
potential to benefit from prosthetic rehabilitation. In contrast,
patients with amputations because of diabetes and vascular
disease tended to be older with concurrent medical issues,
leading to less overall benefit. The findings of these subgroup
analyses mirror those reported in HICs, where patients with
dysvascular amputations were significantly older, with more
comorbidities and worse functional status and QOL than
patients with amputations because of trauma (Amtmann et al.
2015). Dysvascular lower limb amputees in HICs have also
been documented to use their prostheses less than amputees
with trauma-related amputations (Raichle et al. 2008). Whilst
not statistically significant, our study similarly demonstrated a
trend that vascular subgroup TF amputees had a higher rate of
prosthesis abandonment. Nonetheless, these dysvascular
patients still experienced significant improvements in HRQOL
and function after receiving a prosthesis.

When compared to QOL benefits of health interventions in
other medical fields, our study highlights the magnitude of the
impact of amputation and subsequent prosthesis provision on
HRQOL . Our results show that before receiving prostheses,
TF amputees have EQ-5D scores of 0.48, a score notably worse
than EQ-5D levels associated with other pathologies, such as
0.64 for chronic obstructive pulmonary disease or 0.51 for
cerebral infarction (Zhou et al. 2018). To our knowledge, the
QOL of an amputee without a prosthetic device has not been
previously reported, particularly at the transfemoral level. We
found the provision of a prosthesis dramatically improved this
EQ-5D score, with a HRQOL increase of 0.37 amongst all
patients and 0.58 in the non-vascular subgroup. These
improvements are well above previously described minimal
clinically important differences for EQ-5D of 0.03-0.36 for
musculoskeletal disorders and 0.074 for non-disease-specific
(Coretti, Ruggeri & McNamee 2014). In addition to the
significant impacts on QOL , the impacts on patient-reported
mobility found in this study are supported by similar findings
from HICs. Lower limb prosthesis users in HICs reported a
PLUS-M score of 50.3 (Hafner et al. 2017), similar to the value
(53.71) for prosthesis users 1 year after prosthesis provision
measured in this study.

There is limited literature available about 2MWT and PCI in
lower limb amputees, and the existing studies report
considerable variability. The few studies of 2MWT in TF
amputees in HICs report distances ambulated ranging from
40 m (Brooks et al. 2001) up to 135 m (Gaunaurd et al. 2020),
and normative 2MWT reference values for healthy
individuals have been reported as 150 m — 217 m (Bohannon
2017). Our findings of over 80 m ambulated at 6 and 12
months after prosthesis fitting fall within published 2MWT
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ranges. Published PCI values of 0.23-0.42 for healthy
individuals and 0.57 for TF amputees (Vllasolli et al. 2015)
are considerably lower than those found in our study. These
differences likely stem from methodologic variation as the
published studies primarily use five-minute walking tests
and report higher walking speeds than found in our study.

This study is limited by follow-up duration that represents a
relatively short proportion of clinically relevant timeframe in
the prosthesis life cycle. Whilst clinical improvements in the
cohort stabilised by 6 months after prosthesis provision,
questions related to known long-term prosthesis concerns in
LMICs such as durability, structural failure, excessive wear
and deterioration because of sunlight and other environmental
exposures (Wyss et al. 2015) can only be answered after longer
periods of observation. An additional limitation is the inability
to quantify fit and alignment of the prosthesis or provide
adequate longitudinal gait training through the duration of
the study. Although gait training was done by local prosthetists
during prosthesis fitting, participants did not undergo the
formalised longitudinal outpatient physical therapy gait
training as is the standard of care in HICs. Standardisation in
the fitting process was achieved by providing additional
training to local prosthetists, however, the standard of care in
LMICs does not include standardised assessment of fit,
alignment or gait training. This limitation underscores the
robustness of the studied intervention in that provision of a
prosthesis significantly improved QOL and function of
amputees even in the absence of the prosthetic adjustments
and rehabilitation that would be common in HICs.

We screened a larger number of patients than were ultimately
included in the study because of the inability of some patients
to complete the fitting process within the study timeline.
Even with the provision of a prosthesis at no cost to patients,
challenges related to inconsistent availability of locally
sourced materials, a limited number of trained providers and
the need for patients to travel to the prosthetic workshop for
multiple fitting visits contributed to the observed inefficiency
of the fitting process in this resource-limited environment.
Considering the sample size needed to power the study and
the limited resources available to extend the timeline of the
study, the number of patients ultimately included in the
study was considered sufficient. Of note, regression analysis
was not performed, so results should be interpreted with the
understanding that there may be additional factors that
contribute to observed improvements in QOL and function.

As self-reported survey instruments, the EQ-5D and
PLUS-M measurements are prone to subjectivity, although
both have been extensively validated (Hafner et al. 2017;
eds. Szende et al. 2007). Further, as participants were
enrolled following amputation, prospective data were not
available for pre-amputation baseline, so participants
were asked to recall this state. In order to avoid recall bias,
these recalled values were provided for reference but
were not used in the outcome analysis. The use of the
PLUS-M for amputees without prostheses has not yet been
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validated, so the values reported pre-prosthesis should be
interpreted as such with respect to participants’ self-
reported mobility.

Finally, the generalisability of this study is limited by the use of
only one type of prosthesis that may or may not produce
results similar to other transfemoral prostheses. The prosthesis
used in this study was selected based on the experience of
local providers as well as the availability of the components
and materials via manufacturer distribution and non-
governmental organisation (NGO) programmes. Thus, given
the clinical improvements we observed, we believe it has the
potential to be sustainably implemented broadly in low-
resource settings. Further, our findings are consistent with the
benefits of prosthetics measured in HICs (Amtmann et al.
2015), which suggests that these results may be broadly
applicable.

Conclusion

Our findings demonstrate that the provision of a prosthetic
device to transfemoral amputees in an LMIC improves both
HRQOL and function. To our knowledge, the magnitude of
this impact has never before been quantified in resource-
limited settings and will add needed data to advocacy
efforts for prosthesis provision in overburdened health
systems. Additional investigations of long-term outcomes
and cost-effectiveness of the observed health benefits are
needed to more strongly advocate for universal prosthesis
provision in LMICs.
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Appendix 1

TABLE 1-A1: Patient-reported outcomes of health-related quality of life and mobility before amputation (pre-amputation), at the casting visit before prosthesis fitting
(pre-prosthesis) and at 1 month (1 mo), 6 months (6 mo) and 12 months (12 mo) follow-up after prosthesis fitting.

Variable Pre-amputation Pre-prosthesis 1-month follow up 6-month follow up 12-month follow up p (repeated-
measures ANOVA)

Mean 95% CI Mean 95% ClI Mean 95% ClI Mean 95% ClI Mean 95% ClI

EQ-5D 1.00 0.99-1.01 0.50 0.37-0.62 0.84 0.74-0.93* 0.91 0.85-0.96* 0.86 0.76-0.96* < 0.01%*

PLUS-M 71.10 70.50-71.71 39.94 36.80-43.08 45.85 42.38-49.33 54.04 49.07-59.01* 53.71 48.09-59.33* <0.01%*

T-score

2MWT - - 68.26 51.86-84.67 57.37 46.29-68.45 84.87 66.93-102.81 80.54 57.02-104.06 < 0.01%*

PCI - - 1.49 0.85-2.14 1.85 0.96-2.74 0.88 0.69-1.08 0.97 0.53-1.40 0.06

Note: Functional outcomes at pre-prosthesis, 1 mo, 6 mo and 12 mo. EuroQol-5D, PLUS-M, 2MWT and PCl are reported as mean and 95% confidence interval (Cl). The p-values were calculated
using one-way repeated measures ANOVA, **, p <0.05, and post hoc pairwise comparison with Bonferroni correction between pre-prosthesis and each subsequent follow-up timepoint, *, p < 0.05.

EQ-5D, EuroQol-5D; PLUS-M, Prosthetic Limb Users Survey of Mobility; 2MWT, two-minute walk test; PCI, physiologic cost index; Analysis of Variance (ANOVA).
*,p<0.05; **, p<0.05.

TABLE 2-A1: Data information for 12-month follow-up.

Variable All patients Amputation reason
Non-vascular Vascular

n % n % n %
N 28 - 19 - 9 -
Prosthesis use
Using 20 71 16 84 4 44
Not using 8 29 3 16 5 56
Type of visit
In-person 19 68 15 79 4 44
Telephone 9 32 4 21 5 56
EQ-5D data available 28 100 19 100 9 100
PLUS-M data available 28 100 19 100 9 100
2MTW data available 17 61 13 68 4 44
PCl data available 17 61 13 68 4 44

EQ-5D, EuroQol-5D; PLUS-M, Prosthetic Limb Users Survey of Mobility; 2MWT, two-minute walk test; PCI, physiologic cost index.
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