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Relationship between models of care and key rehabilitation
milestones following unilateral transtibial amputation:

a national cross-sectional study

J. Hebentona,∗, H. Scotta, C. Seenanb, F. Davie-Smitha

a WestMARC, Queen Elizabeth University Hospital, Glasgow, UK
b Glasgow Caledonian University, Glasgow, UK

bstract

bjectives  To identify different models of care (MOC) post transtibial amputation (TTA) and relate these to achievement of rehabilitation
ilestones.
esign  Retrospective analysis of rehabilitation milestone data and a survey of MOC in 10 vascular centres.
etting  NHS Scotland vascular centres.
articipants  All unilateral TTA between January 2011 and December 2014 (n  = 643).
ain  outcome  measures  Time (in days) to achieve the following rehabilitation milestones: compression therapy, early walking aid, casting

or a prosthetic limb, prosthetic delivery, inpatient discharge and final discharge from rehabilitation. MOC were scored according to seven
ey aspects of service provision.
esults  The mean age of the cohort was 67 [standard deviation (SD) 13] years, 76% were male and 63% had peripheral arterial disease

nd diabetes. The median number of days to achieve rehabilitation milestones varied between centres {compression therapy six [interquartile
ange (IQR) 0–12], early walking aid 14 (IQR 10–27), prosthetic casting 39 (IQR 27–71), prosthetic delivery 53 (IQR 36–87), inpatient
ischarge 53 (IQR 29–85) and final discharge from rehabilitation 141 (IQR 92–209)}. Only two centres included all seven key aspects of
ervice provision within their MOC. Vascular centres that achieved the optimal MOC achieved the rehabilitation milestones more quickly
han other vascular centres.
onclusions  A positive association was found between optimal MOC and early achievement of rehabilitation milestones post TTA. Key

spects of service provision associated with a quicker time to achieve rehabilitation milestones included: use of a postoperative rigid dressing,

pecialist physiotherapy input in the early postoperative period, daily inpatient gym sessions and inpatient prosthetic provision. To the authors’
nowledge, this is the first study to document MOC following TTA and to relate these to the achievement of rehabilitation milestones.

 2018 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Approximately 800 lower limb amputations are performed
n Scotland each year. Of these, 85% are as a result of periph-

ral arterial disease (PAD) in the presence or absence of
iabetes [1]. PAD and diabetes affect 2.7 million and 4.5
illion people in the UK, respectively [2–4]. The affected
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opulation is predominantly elderly, has significant co-
orbid disease, is at increased risk of contralateral limb

mputation, and subsequently has a higher mortality rate
5,6]. Mortality rates after major lower limb amputation for
AD with or without diabetes are as high as 44%–48% at

 year and 70%–77% at 5 years [7,8]. Therefore, it is critical
hat postoperative rehabilitation is optimal and not prolonged
n order to maximise quality of life.
The primary focus of rehabilitation post amputation is
he recovery of functional independence and a return to
re-amputation activity, which is more achievable if the
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The final part of the study was to explore the relation-
ig. 1. Inclusion and exclusion criteria for Phase 1. PAD, peripheral arterial
isease.

atient is fitted with a prosthetic limb. This is more real-
stic following a transtibial amputation (TTA) compared
ith a more proximal transfemoral amputation (TFA), as

he loss of the knee joint greatly increases the physical
nd cognitive effort required. Data from the Scottish Phys-
otherapy Amputee Research Group (SPARG) show that
pproximately 70% of patients with TTA are fitted with a
rosthetic limb, compared with 30% of patients with TFA
https://bacpar.csp.org.uk/publications/sparg-report-2015).

Prosthetic rehabilitation begins immediately after surgery,
nd includes compression therapy and re-education of gait
sing an early walking aid (EWA) [9]. In an ideal setting,
ompression therapy would start with application of a postop-
rative rigid dressing in theatre. The next line of compression
s a shrinker sock, applied routinely from day 5 onwards [10].
nitial physiotherapeutic rehabilitation seeks to reduce the
ncidence of postoperative complications whilst promoting
arly mobility with an EWA and provision of a prosthetic limb
11,12]. The pneumatic post amputation mobility (PPAM) aid
s the most commonly used EWA following unilateral TTA
13]. Early gait training is associated with satisfaction and
aily usage of a prosthetic limb [14], and use of a prosthesis
s associated with a reduced mortality rate [15] and increased
ndependence and quality of life [11,12,14–16].

Physiotherapeutic intervention following amputation is
etermined by the model of care (MOC) in each vascular
entre. There is a paucity of published literature defining
he ‘gold standard’ MOC for patients undergoing TTA; how-
ver, variations in MOC have been identified across the UK
17]. SPARG identified large variations in MOC for patients
ndergoing rehabilitation after amputation in Scotland [1].
ntensive inpatient rehabilitation has been shown to be asso-
iated with improved outcomes in the USA [18,19], and in
he UK, Turney et al. found that ‘vigorous inpatient rehabil-
tation’ was associated with ‘mobility success’ at the end of

ehabilitation [20]. Despite this evidence, there is no current
onsensus regarding optimal MOC following amputation,
nd current guidelines do not make recommendations regard-
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ng the timing and type of rehabilitation [9]. The Scottish
ehabilitation Engineering Technology Group benchmarked
mputation rehabilitation services across Scotland, and used
his information to identify the seven key aspects of ser-
ice provision [21]. The aim of this study was to identify
he different MOC post TTA in Scotland, and explore how
spects of these MOC relate to the achievement of rehabili-
ation milestones. As patients with a TTA are more likely to
e fitted with a prosthetic limb and therefore achieve rehabil-
tation milestones, this study focused solely on this level of
mputation.

ethods

This study was conducted in two phases. Phase 1 was
 retrospective analysis of quantitative data collected from
he SPARG database. SPARG carries out a national audit of
outinely collected anonymised data on every person in Scot-
and who undergoes a major lower limb amputation. Data
nclude information relating to aetiology, co-morbidities,
iming of rehabilitation, key outcome measures and final out-
ome regarding limb fitting and mobility; the centre where
he amputation was performed is also noted. To reduce vari-
bles within the cohort and with the aim of providing the
ost robust conclusions from the data, all participants (aged
18 years old) who underwent a unilateral TTA between 1

anuary 2011 and 31 December 2014 due to PAD and dia-
etes were included. Only the vascular centres with more
han 20 unilateral TTA that were fitted with a prosthetic limb
ere included (Fig. 1). Due to increased variability within

he sample, and given the aim of this study to provide robust
onclusions from the data, all participants with aetiologies
ther than PAD and diabetes were excluded.

Data pertaining to the timing (in days) of achievement of
he following six rehabilitation milestones were examined:
ompression therapy, early walking aid, casting for a pros-
hetic limb, prosthetic delivery, inpatient discharge and final
ischarge from rehabilitation. The cohort was categorised by
he vascular centre where they underwent their TTA.

Phase 2 was a survey of MOC in the 10 vascular cen-
res in Scotland. Each MOC was scored according to the key
spects of service provision, defined by the benchmarking
eport [21]. These seven aspects were: immediate postopera-
ive rigid dressing, specialist physiotherapeutic assessment in
rst 14 days post TTA, daily inpatient gym session, inpatient
ym session >1 hour, prosthetic centre on site as inpatient,
rosthetic provision (i.e. cast, fit and delivery) as inpatient,
nd specialist physiotherapy outpatient service. Centres were
iven one point for each aspect of service provision that was
ncluded in their MOC; as such, the maximum score for each
entre was seven points.
hip between achievement of the rehabilitation milestones
nd MOC scores. Descriptive analysis was performed using
PSS Version 22 [22]. A Shapiro–Wilk normality test found

https://bacpar.csp.org.uk/publications/sparg-report-2015
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Fig. 2. Box plot of days to compression and use of early walking aids (EWA)
across the vascular centres.

Fig. 3. Box plot of days to cast and delivery of prostheses across the vascular
centres.
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hat participant demographics were normally distributed;
owever, milestone data were not normally distributed, so
arametric and non-parametric statistics were used as appro-
riate. The data were grouped according to vascular centre,
nd Kruskal–Wallis tests were performed to explore any
ifferences in time to achieve the rehabilitation milestones
etween the vascular centres. Mann–Whitney U-tests were
onducted to ascertain how centres compared, and if dif-
erences in time taken to reach milestones were significant.
tatistical significance was set at P  < 0.05 and confidence

ntervals of 95% or more were assumed. Effect sizes were cal-
ulated and reported as follows: small (<0.1), medium (<0.3)
nd large (<0.5) [23].

esults

The SPARG database indicated that 643 patients under-
ent a unilateral TTA between 2011 and 2014 and were fitted
ith a prosthetic limb. The mean age of this cohort was 67

standard deviation 13) years, although this varied from 62
ears in Centre 9 to 70 years in Centre 2 (P  = 0.046). There
as a significant difference in age between aetiologies, as
atients with PAD alone were approximately 4.7 years older
han patients with both PAD and diabetes (P  < 0.001). The

ajority of the cohort was male (76%), and this ratio was
imilar across all centres (P  = 0.451). There was a signifi-
ant difference in aetiology according to gender, with more
ales having both PAD and diabetes compared with females

P = 0.002). Although the entire cohort had their TTA due to
AD, more than half also had a diagnosis of diabetes (63%),
ith fewer in Centre 4 (52%) and more in Centre 3 (79%)

P = 0.233) (Table 1).
There was a significant difference between the centres for

ll six milestones (Table 2). Centres 3, 6, 7 and 10 had the
hortest times to commence compression therapy, and Cen-
re 8 had the shortest time to commence EWA use (Fig. 2).
here was a significant difference in time to compression

herapy between Centre 1 (median 14 days, n = 56) and Cen-
re 6 (median 0 days, n = 37; P  < 0.001); the effect size was
arge, with Centre 1 taking longer to commence compression.
here was a similar outcome when time to commence EWA
as compared between Centre 2 (median 35 days, n  = 50) and
entre 6 (median 12 days, n  = 33; P  < 0.001); the effect size
as large, with Centre 2 taking longer to commence EWA.
Centres 6, 7 and 8 had the shortest times to cast for a pros-

hetic limb (median 34 days, n = 37; median 27 days, n  = 94;
edian 32 days, n = 165, respectively) compared with Cen-

re 2 (median 63 days, n  = 53). A significant difference was
ound between Centre 2 and Centre 6 (P  < 0.001), and the
ffect size was medium. Centre 6 and Centre 7 (median 35
nd 34.5 days, respectively) had the fastest times to delivery

f the prosthesis, and Centre 2 had the longest (median 87
ays, n  = 53). When days to prosthetic delivery were com-
ared between Centre 2 and Centre 6, this difference was
ignificant (P  < 0.001) (Fig. 3).

n
1
t
d

Centre 10 had the shortest inpatient stay after TTA (median
1 days), and this was approximately one-quarter of the
ength of inpatient stay observed in Centre 3 (median 83 days)
nd Centre 4 (median 85 days). Centre 6 had the shortest
ime to final discharge from rehabilitation (median 82 days),
nd this was significantly faster than the time to final dis-
harge for the other nine centres (Fig. 4): Centre 1 (median
13 days, n  = 59); Centre 2 (median 213 days, n  = 52); Cen-
re 3 (median 108 days, n  = 33); Centre 4 (median 126 days,

 = 66); Centre 5 (median 127 days, n  = 21); Centre 7 (median
01 days, n = 93); Centre 8 (median 167 days, n  = 136); Cen-

re 9 (median 137 days, n  = 36) and Centre 10 (median 169
ays, n  = 71).
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Table 1
Participant demographics across all vascular centres.

Vascular centres

All (n = 643) 1 (n = 56) 2 (n = 53) 3 (n = 32) 4 (n = 66) 5 (n = 25) 6 (n = 37) 7 (n = 93) 8 (n = 162) 9 (n = 36) 10 (n = 72) P-value

Age in years, mean (SD) 67 (13) 66 (13) 70 (12) 66 (12) 66 (14) 68 (12) 68 (12) 70 (13) 66 (12) 62 (14) 65 (11) 0.046
Males, n (%) 488 (76) 46 (78) 36 (68) 22 (67) 57 (85) 18 (72) 28 (76) 75 (80) 121 (73) 27 (73) 58 (80) 0.451
Female, n (%) 155 (24) 13 (22) 17 (32) 11 (33) 10 (15) 7 (28) 9 (24) 19 (20) 44 (27) 10 (27) 15 (21)
PAD, n (%) 239 (37) 19 (32) 19 (36) 7 (21) 32 (48) 7 (28) 14 (38) 40 (43) 61 (37) 10 (27) 30 (41) 0.233
PAD + diabetes, n (%) 404 (63) 40 (68) 34 (64) 26 (79) 35 (52) 18 (72) 23 (62) 54 (57) 104 (63) 27 (73) 43 (59)

PAD, peripheral arterial disease; SD, standard deviation.

Table 2
Time taken (in days) to achieve rehabilitation milestones in all vascular centres.

Vascular centres

Days to All 1 2 3 4 5 6 7 8 9 10 P-value

Compression therapy 6 (0 to 12) 14 (10 to 20) 25 (17 to 64) 0 (0 to 1) 8 (5 to 13) 13 (7 to 19) 0 (0 to 0) 0 (0 to 0) 6 (0 to 9) 7 (1 to 11) 0 (0 to 9) <0.001
EWA 14 (10 to 27) 14 (10 to 19) 35 (19 to 69) 17 (13 to 29) 19 (13 to 38) 22 (19 to 25) 12 (10 to 15) 12 (10 to 20) 10 (8 to 14) 27 (19 to 75) 17 (13 to 36) <0.001
Casting 39 (27 to 71) 42 (31 to 74) 63 (49 to 105) 51 33 to 84) 45 (34 to 81) 45 (39 to 54) 34 (29 to 48) 27 23 to 45) 32 (23 to 55) 52 (32 to 109) 42 (29 to 67) <0.001
Prosthetic delivery 53 (36 to 87) 58 (42 to 94) 87 (68 to 131) 56 (40 to 101) 58 (42 to 91) 59 (48 to 67) 35 (30 to 50) 34.5 (30 to 56) 46 (34 to 69) 65 (46 to 118) 61 (48 to 93) <0.001
Inpatient discharge 53 (29 to 85) 77 (55 to 92) 41 (21 to 81) 83 (64 to 138) 85 (65 to 126) 66 (44 to 78) 52 (43 to 84) 62 (4 to 97) 35 (23 to 57) 35 (16 to 91) 21 (14 to 41) <0.001
Outpatient discharge 141 (92 to 209) 113 (80 to 191) 213 (165 to 309) 108 (80 to 179) 126 (86 to 174) 127 (113 to 253) 82 (62 to 114) 101 (72 to 150) 167 (119 to 224) 137 (91 to 224) 169 (123 to 255) <0.001

EQA, early walking aid.
Values are median (interquartile range).
P-values represent findings from Kruskal–Wallis tests.
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Fig. 4. Box plot of days to inpatient (IP) and final discharge from rehabili-
tation across the vascular centres.

Fig. 5. Aspects of service provision by vascular centre.
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14–41) days].

A delay in provision of a prosthetic limb (>60 days
post TTA), even after controlling for demographic, socio-
From analysis of the MOC data, only Centres 3 and
 included all seven key aspects of service provision,
hile Centre 1 included less than half of the key aspects

Fig. 5).
py 105 (2019) 476–482

iscussion

To the authors’ knowledge, this is the first study to identify
he different MOC following unilateral TTA in Scotland. It
s also the first study to compare vascular centres in terms
f time taken to achieve rehabilitation milestones. This study
ound an association between MOC and the time taken to
chieve these rehabilitation milestones. MOC in this study
ere based upon the benchmarking of seven key aspects of

ervice provision.
The first aspect is the use of compression therapy to help

educe oedema and accelerate rehabilitation. Current evi-
ence suggests that this should be started in theatre at the time
f TTA with a postoperative rigid dressing [10,24]. Centres
, 6 and 7 stated that they used rigid dressings routinely after
urgery and the data supported this. Centre 10 also used rigid
ressings but their application was not routine in all surgeries
median 0 [interquartile range (IQR) 0–9] days}. Centre 6
as one of the centres with the fastest times to commence
WA use [median 12 (IQR 10–15) days], along with Centre

 [median 12 (IQR 10–20) days] and Centre 8 [median 10
IQR 8–14) days].

The EWA of choice was the PPAM aid, which applies
ompression to the residuum; in combination with the effect
f mobilisation on the cardiovascular system, this increases
irculation, reduces oedema and promotes wound healing,
hich are essential to allow early prosthetic fitting [24,25].
ll 10 centres used the PPAM aid routinely; however, the use
f PPAM aids commenced from median 10 days to median 35
ays after TTA (Table 2). Gym sessions have a direct impact
n timing, duration and frequency of the use of PPAM aids,
s they are physiotherapy devices. Centres 7 and 8 had the
ongest gym sessions and provided these on 5 days per week.
nterestingly, although Centre 8 took longer to commence
ompression therapy [median 6 (IQR 0– 9) days] and did
ot use rigid dressings routinely, it had the fastest time to
tart EWA use [median 10 (IQR 8–14) days]. The specialist
hysiotherapists at Centres 7 and 8 were the only teams whose
emit was solely vascular, allowing them to deliver longer
ym sessions within the first 14 days, thus promoting early
obility.
The current literature supports comprehensive and inten-

ive inpatient rehabilitation post amputation [19,26]. In these
tudies, optimal outcomes were associated with provision of

 prosthetic limb and completing rehabilitation as an inpa-
ient. In this study, the median length of inpatient stay varied
rom 21 to 85 days (Centres 10 and 4, respectively). Interest-
ngly, Centre 10, which had the shortest inpatient stay, also
ad one of the longest times to final discharge from reha-
ilitation (median 169 days). Centre 10 also started EWA
se [median 17 (IQR 13–36)] in a similar time frame as the
atient was discharged home from hospital [median 21 (IQR
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conomic and amputation-related characteristics, has been
hown to be associated with dissatisfaction with the device
nd, therefore, a reduction in its use [27]. Although Cen-
res 6, 7 and 8 had the quickest times for cast and delivery
f the prosthetic limb, Centre 8 did not have a prosthetic
ervice on site; as such, it took the longest of these three
entres for cast and delivery. Conversely, Centre 2 was the
lowest to achieve all rehabilitation milestones and had a
rosthetic service on site. The delayed time for cast and deliv-
ry in Centre 2 may be attributed to the delay in starting
ompression therapy and EWA use as there is a known link
etween mobility with an EWA and reduction in stump vol-
me in preparation for casting of the prosthetic limb [10].
entre 2 also had a physiotherapy team that was not desig-
ated solely to vascular, and despite provision of daily gym
essions, these did not exceed 1 hour in length. The demo-
raphics of the cohort at Centre 2 were not dissimilar to others
n terms of gender and aetiology; however, they were the old-
st cohort of all the centres (mean age 70 years), which may
e a factor in the increased length of time taken to achieve
ilestones.
The time taken to reach rehabilitation milestones is impor-

ant in the amputee population as many will have a shortened
ife expectancy due to their high mortality rate and additional
o-morbidities [7,8]. Increased mortality is also associated
ith delayed decision making prior to amputation, and not
eing fitted with a prosthetic limb following amputation
15,16,28]. Achieving the key rehabilitation milestones in
he shortest time may reduce mortality and improve usage of
he prosthesis, which may impact positively on quality of life
n this population. Centre 6, which provided all seven key
spects, reached key rehabilitation milestones in fewer days
or five of the six milestones. This suggests that the MOC
s associated with time taken to achieve rehabilitation mile-
tones following a unilateral TTA. However, Centre 3 also had
n optimum MOC score according to the seven aspects, but
id not achieve the rehabilitation milestones more quickly.
he reason for this may be that their patients had a higher

ncidence of diabetes than any other centre (79%), which
as a known impact on healing time and complications post
peratively [29].

A strength of the current study is its large retrospective
ohort, which was a consecutive sample of all patients with

 TTA who were fitted with a prosthetic limb in Scotland,
herefore increasing the external validity of the study and
he ability to generalise the results to other populations. This
ata set is also the most up-to-date, intact data set for the
ascular centres being discussed. One of the observations of
his study was the variance in numbers across the vascular
entres; however, the consecutive sampling of the patients
ids with the validity of the data. Centres 7 and 8 had the
ighest number of patients (n  = 93 and 162, respectively),

hereas Centre 5 had the lowest number (n  = 25). With vary-

ng numbers in the 10 centres, there may be a large variation
n experience of the physiotherapy staff and understanding

S
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f how to best achieve rehabilitation milestones as quickly as
ossible.

onclusions

The aim of this study was to identify the different MOC
ollowing unilateral TTA in Scotland, and explore how they
elate to the achievement of rehabilitation milestones. MOC
aried across the vascular centres in Scotland, and there
as significant disparity in the timing of rehabilitation mile-

tone achievements following unilateral TTA. The ability to
chieve a short time for cast and delivery of a prosthetic limb
ppears to be influenced not only by the presence of a pros-
hetic service on site, but also by commencing compression
herapy and EWA use in a timely manner. The latter is only
ossible with a specialist physiotherapist and frequent gym
essions. Given the high mortality rate of the dysvascular
ower limb population, it is imperative that these services are
vailable to provide the most effective rehabilitation in the
hortest time.Funding:  CSP Charitable Trust (Reference No.

Key  messages

• This paper provides the first comprehensive iden-
tification and exploration of models of care post
transtibial amputation in Scotland.

• Key aspects of service provision associated with
a quicker time to achieve rehabilitation milestones
included: use of a postoperative rigid dressing, spe-
cialist physiotherapy input in the early postoperative
period, daily inpatient gym sessions and inpatient
prosthetic provision.
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