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Passive-dynamic ankle-foot orthosis improves
medium-term clinical outcomes after severe lower

extremity trauma

Peter Ladlow," N Bennett,"? R Phillip,' S Dharm-Datta,’ L McMenemy, A N Bennett'*

ABSTRACT

Introduction Individuals with delayed below-knee
amputation have previously reported superior clinical
outcomes compared with lower limb reconstruction. The
UK military have since introduced a passive-dynamic
ankle-foot orthosis (PDAFO) into its rehabilitation care
pathway to improve limb salvage outcomes. The aims
were to determine if wearing a PDAFO improves medi-
um-term clinical outcomes and what influence does
multidisciplinary team (MDT) rehabilitation have after
PDAFO fitting? Also, what longitudinal changes in clin-
ical outcomes occur with MDT rehabilitation and how do
these results compare with patients with previous lower
extremity trauma discharged prior to PDAFO availability?
Methods \We retrospectively evaluated levels of mobility,
activities of daily living, anxiety, depression and pain in a
heterogeneous group of 23 injured UK servicemen 34+11
months after PDAFO provision. We also retrospectively
analysed 16 patients across four time points (pre-PDAFO
provision, first, second and final inpatient admissions
post-PDAFO provision) using identical outcome measures,
plus the 6 min walk test.

Results Outcomes were compared with previous
below-knee limb salvage and amputees. Before PDAFO,
74% were able to walk and 4% were able to run inde-
pendently. At follow-up, this increased to 91% and
57%, respectively. Mean depression and anxiety scores
remained stable over time (p>0.05). After 3 weeks, all
patients could walk independently (pre-PDAFO=31%).
Mean 6 min walk distance significantly increased from
440475 m (pre-PDAFO) to 533+68 m at last admission
(p=0.003). The ability to run increased from 6% to 44%
after one admission.

Conclusions All functional and most psychosocial
outcomes in PDAFO users were superior to previous
limb salvage and comparable to previous below-knee
amputees. The PDAFO facilitated favourable short-
term and medium-term changes in all clinical outcome
measurements.

INTRODUCTION

Limb salvage can result in decreased function,
persistent pain and disability.'” The US and UK
military have previously reported more favourable
functional and psychosocial outcomes in traumatic
lower limb amputee groups compared with patients
who underwent lower limb reconstruction.’ * Of
note, US military amputees were previously 2.6
times more likely to engage in vigorous activity
than their limb salvage counterparts, and 50% of
unilateral amputees from the UK military were able

» In patients with lower extremity injuries
commonly considered to demonstrate poor
long-term outcomes, passive-dynamic ankle-
foot orthosis (PDAFO) provision has facilitated
favourable medium-term changes in a range of
patient-reported measures.

» PDAFO provision alongside multidisciplinary
team rehabilitation demonstrates superior
levels of function and pain compared with
patients with previous below-knee limb salvage
treated at the Defence Medical Rehabilitation
Centre.

» PDAFO users are able to achieve comparable
levels of function and pain responses to
elective below-knee amputees with advanced
and considerably more expensive prosthesis
provision.

» Proceeding with limb salvage alongside PDAFO
provision could lead to advantageous and
prolonged cardiovascular, musculoskeletal,
mental health and vocational benefits for
patients with severe lower extremity injury.

» The PDAFO is considered an important
component in the aftercare/management of
severe lower extremity trauma and a viable
alternative to elective below-knee amputation
in some patients.

to run independently compared with just 5% of
their lower limb salvage patients.® ®

The Intrepid Dynamic Exoskeletal Orthosis
(IDEQO), a passive-dynamic ankle-foot orthosis
(PDAFO), was developed to reduce the high rates
of delayed amputation in US service personnel who
experienced high-energy lower extremity trauma.’
This PDAFO has since demonstrated improved
functional and psychosocial outcomes in its
users. 1% Despite the positive short-term outcomes
(monitoring over 8 weeks of rehabilitation in a US
military rehabilitation centre), there is a paucity
of literature detailing longer term follow-up and
longitudinal effects of wearing a PDAFO on clinical
outcomes after its provision.

The UK Defence Medical Rehabilitation Centre
(DMRC) Headley Court has since developed the
IDEO by using different manufacturing tech-
niques. The PDAFO used by the UK military uses
the concept of the US IDEO brace and was devel-
oped to improve the durability of these bespoke,
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custom-fitted devices, without increasing the weight or size. The
IDEO is manufactured from composite fibres and acrylic resin’
using a ‘wet lay-up technique’, whereas the UK-manufactured
PDAFO uses composite fibres preimpregnated with epoxy resin,
thereby affecting the weight and durability of the device. These
techniques in manufacturing reflect how prosthetic running
blades are commonly made (see online supplementary file 1 for
an image of the orthosis). Each PDAFO redistributes and redi-
rects forces exerted on the foot and ankle complex. It transmits
the force proximally on the limb, in areas such as the patella
tendon and medial flares of the tibial condyle which is load
tolerant. It incorporates a solid ankle foot plate that provides
maximum support to the foot and ankle in all three planes of
motion. A posterior carbon strut that stores mechanical energy
as the forefoot is loaded between mid-stance and terminal stance.
The orthosis then releases this stored energy when unloaded to
facilitate additional power at push-off.’

The prescription of this PDAFO has now become widely inte-
grated into the rehabilitation of distal lower extremity injuries
at DMRC. However, the short-term to medium-term functional
and psychosocial outcomes of UK military PDAFO users are
currently unknown. It is also important to determine how these
outcomes compared with patients with severe lower extremity
injuries medically discharged prior to the availability of the
PDAFO. Therefore, the primary aim of this study is to investi-
gate if wearing a PDAFO can improve medium-term functional
and psychosocial outcomes and what influence does multidisci-
plinary team (MDT) rehabilitation have after PDAFO fitting? A
secondary aim will assess a subset of these patients and answer
the following clinically important question: What longitudinal
changes in functional and psychosocial outcomes occur with
MDT rehabilitation and how do these results compare with
patients with previous lower extremity trauma discharged prior
to PDAFO availability?

METHODS

Appropriate approval had been provided prior to commencing
this clinical service evaluation. Clinicians at DMRC routinely
record patient information and clinical data, including

functional and psychosocial outcomes in all patients receiving
inpatient rehabilitation. These clinical data were extracted from
the Defence Medical Information Capability Program and used
for the purposes of this service evaluation.

Current eligibility criteria for PDAFO provision at DMRC
Headley Court

The criteria for being considered eligible for receiving a PDAFO
at DMRC include: (1) biomechanical pain to the foot and ankle
that is not responding well to standard rehabilitation treatment
protocols; (2) plateau in functional ability postrehabilitation
input and where level of function is deemed suboptimal; (3)
sufficient proximal muscle control to use the orthosis and benefit
from the energy returning properties; and (4) no open wounds
or significant oedema that cannot be medically managed.

Aftercare for the PDAFO user

After injury and before the PDAFO is fitted, patients follow
the UK Defence model of complex trauma rehabilitation.'*
On receiving the orthosis, patients are encouraged to follow
DMRC-recommended guidelines of two 3-week admissions
(Figure 1). However, due to the stage of patient’s rehabilitation
pathway (ie, imminent medical discharge) or personal prefer-
ence (other life priorities), some patients cannot or choose not to
participate in MDT rehabilitation after their PDAFO provision.
The MDT rehabilitation of patients who were fitted with the
PDAFO focused on correct use of the device, gait re-education
and progressive strengthening, balance and flexibility exercises
in order to maximise energy storage and return during both
low-impact and high-impact activities.

Study design

Stage 1: A retrospective medium-term (>12 months) follow-up
evaluation of functional and psychosocial outcomes of PDAFO
users who were admitted to inpatient rehabilitation at DMRC
between November 2014 and February 2017. Stage 2: A
retrospective longitudinal evaluation of these PDAFO users
who were admitted to DMRC for MDT rehabilitation who
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completed a minimum of two 3-week inpatient admissions (the
current recommended guidelines). These patients had their
functional and psychosocial outcomes monitored over four
time points (four inpatient admissions): preprovision of the
PDAFO, first, second and final admissions post-PDAFO provi-
sion. Testing the patients before and after the intervention in a
cross-over study design allows these patients to act as their own
control. The clinical outcomes collected in stage 2 were then
compared against the previously published® outcomes of below-
knee limb salvage (BK-LS) and delayed below-knee amputees
(d-BKA) who had their final admission to DMRC prior to the
availability of this custom-made PDAFO.® Further analysis
(presented in online supplementary file 2) investigated the clin-
ical outcomes of all patients prescribed the PDAFO who later
elected for amputation at three time points (1) their pre-PDAFO
admission, (2) their final admission wearing their prosthetic
device and (3) after >12 months of follow-up. There were no
exclusion criteria based on severity of injury or the amount of
previous MDT rehabilitation. Inclusion criteria for stage 2 were

all PDAFO users who engaged in MDT rehabilitation for at least
two 3-week inpatient admissions (the current recommended
guidelines for PDAFO users treated within complex trauma at
DMRC—Figure 1).

Functional and psychosocial outcome measures
Function
Stage 1 and 2 analysis: During each inpatient admission and
within the follow-up questionnaire the level of mobility (‘run
independently,” ‘walk independently’ or ‘walk with an aid or
adaptation’) and the ability to perform activities of daily living
(‘independently’, ‘with an aid or adaptation’ or ‘requires support
or assistance’) were recorded using DMRC developed tools.®
During stage 2 only: The 6 min walk test”” was completed
at each inpatient admission to demonstrate the longitudinal
changes in ambulatory function. The ability to progress into
other less physically demanding job roles within the military or
civilian sector is an important goal of rehabilitation at DMRC,

Table 1 Patient demographic and injury characteristics
Medium-term follow-up
Received =1 MDT Did not receive MDT Longitudinal MDT
rehabilitation admission rehabilitation post- rehabilitation (=2
All patients post-PDAFO provision ~ PDAFO provision admissions)
n 23 14 9 16
Age (years) 33+7 (23-53) 31+7 (23-48) 35+8 (29-53) 3145 (23-43)
Gender (% male) 100 100 100 100
Body height (cm) 1816 (167-192) 1806 (167-192) 182+6 (168-190) 180+6 (167-190)
Body mass (kg) 90+12 87+11 93+14 87+11
(66-109) (66-106) (71-109) (66-106)
BMI (kg-m?) 2743 27+2 28+3 2743
(22-32) (22-32) (23-32) (22-34)
BP
Systolic 13411 133+12 136+10 131+13
(116-160) (116-160) (118-145) (116-160)
Diastolic 7710 75+10 79+9 7611
(63-96) (63-96) (67-95) (63-96)
Mechanism of injury
IED (%) 9(39) 4(29) 5 (56) 7 (44)
GSW (%) 3(13) 2(14) 1(11) 2(13)
RTA (%) 3(13) 3(21) - 2(13)
Fall (%) 3(13) 2(14) 1(11) 1(6)
Sport (%) 2(9 1(7) 1(11) 1(6)
Non-specific MSK disorder (%) 3(13) 2(14) 1(11) 3(19)
Injury type*
Fracture (%) 17 (74) 10 (71) 7(78) 10 (63)
Nerve damage (%) 8 (35) 6 (43) 2(22) 6 (38)
Degenerative joint (%) 209 1(7) 1(11) 1(6)
Bone segment injuredt
Tibia/fibula (%) 5(29) 4 (40) 1(14) 6 (60)
Malleolus (%) 4.(24) 2 (20 2(29) 1(10)
Hind foot (%) 10 (59) 6 (60) 4(57) 7(70)
Mid-foot (%) 5(29) 1(10) 4(57) 2 (20)
Additional complications/diagnosis
Compartment syndrome (%) 209 1(7) 1(11) 1(6)

The values are given as the number of patients, with the percentage in parentheses.

BMI, body mass index; GSW, gunshot wound; IED, improvised explosive device; MDT, multidisciplinary team; MSK, musculoskeletal; PDAFO, passive-dynamic ankle-foot orthosis;

RTA, road traffic accident.

*The injury types do not add up to the number of patients because some patients had multiple injuries.
tThe numbers do not add up to the number of patients with fracture because some patients had injuries to multiple bone segments. The percentages of patients with fractured
bone segments are a reflection of the total number of patients who experienced a fracture, not the total number of patients in each injury group.
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therefore comparisons in 6 min walk distance (6MWD) were
made to general population norms (>459 m)."

Psychosocial

Stages 1 and 2: The Generalised Anxiety Disorder 7-item
scale!” and the Patient Health Questionnaire-9'® are two vali-
dated patient-reported questionnaires. Two DMRC developed
outcome tools were completed by clinicians to assess the require-
ment for mental health support and the assessment of ongoing
pain (‘none’, ‘controlled’ or ‘uncontrolled’).?

Statistical analysis

This study used a convenient sample and therefore was not
subject to any sample size power calculations. All data were
checked for normality of distribution using the Kolmogor-
ov-Smirnov test and tests for skewness and kurtosis. Stage 1:
pre-PDAFO and follow-up outcomes underwent an indepen-
dent samples t-test. Most descriptive data are presented as prev-
alence (%) reported at baseline and follow-up. Stage 2 used a
one-way analysis of variance (ANOVA) with repeated measures
design to determine if there was a significant main effect on the
provision of the PDAFO on length of rehabilitation and clin-
ical outcome measured. Post hoc analyses using Bonferroni were
performed to determine the differences in the rate or magnitude
of improvement in the objective physical performance measures
and patient-reported outcome scores over time. Comparisons
between PDAFO outcomes and patients with previous lower
extremity trauma (BK-LS and d-BKA) were made using one-way
ANOVA. The effect size was determined using the difference of
the means. All statistical analyses were performed using SPSS
Statistics (V.22; IBM). The level of significance was set a priori
as p<0.05.

RESULTS
To date, 65 UK military personnel have received a PDAFO, 6
(9%) have decided to pursue elective amputation post-PDAFO
fitting. Forty of the 65 patients were admitted to DMRC for
inpatient MDT rehabilitation prior to the provision of their
PDAFO, allowing comparisons of medium-term follow-up and
monitoring of longitudinal inpatient clinical data to baseline
values.

The demographic and injury characteristics of PDAFO users
for medium term and longitudinal follow-up are displayed in
Table 1.

Medium-term follow-up of PDAFO users

Twenty-three PDAFO users (58% response rate) received a
mean 5+4 three-week admission prior to being supplied their
PDAFO. Fourteen patients received at least one MDT rehabil-
itation admission after the provision of their PDAFO; nine did
not receive any rehabilitation. The follow-up clinical outcomes
questionnaire was completed a mean 3411 months after being
supplied the brace (MDT rehabilitation post-PDAFO=33=+11
months, no rehabilitation=36+12 months). Baseline and
follow-up data are provided in Table 2 and Figure 2. Prior to
the provision of the brace, 74% of users (17 patients) were
able to walk independently; this increased to 91% (21 patients)
at follow-up. Before PDAFO, only 1 (4%) patient was able to
run independently. At follow-up, 13 (57%) patients were able
to run independently. The ability to run independently was
greater in patients prescribed their PDAFO in combination with
MDT rehabilitation (n=10, 71%) compared with no rehabilita-
tion post-PDAFO provision (n=3, 33%). The mean depression
and anxiety scores recorded pre-PDAFO and at follow-up are
similar and are indicative of ‘no symptoms’ (p>0.05). There

Table 2 Medium-term psychosocial outcomes of passive-dynamic ankle-foot orthosis (PDAFO) users. Data present pre-PDAFO and >12 months of
follow-up measures in (1) all users, (2) patients who received rehabilitation after PDAFO and (3) no rehabilitation after PDAFO. Data presented as

mean, SD, range and percentages

Received MDT rehabilitation post-  Did not receive MDT rehabilitation

All patients PDAFO provision post-PDAFO provision
Preprovision Preprovision Preprovision
admission Follow-up admission Follow-up admission Follow-up
n 23 23 14 14 9 9
Mental health outcomes
PHQ-9 (Depression) 4+4 4+4 4+4 3+3 4+6 4+5
(0-19) (0-13) (0-12) (0-10) (0-19) (0-13)
<5 No symptoms (%) 70 61 71 64 67 56
>10 Moderate symptoms (%) 13 13 14 7 1" 22
>15 Moderate to severe symptoms (%) 4 0 0 0 " 0
Generalised Anxiety Disorder (GAD-7) 4+5 3+4 4+4 3+4 4+6 4+5
(0-12) (0-13) (0-11) (0-13) (0-12) (0-8)
<5 No symptoms (%) 70 70 71 n 67 67
>10 Moderate symptoms (%) 13 14 7 1" 0
>15 Severe symptoms 0 0 0 0 0
Requires mental health support (%) 22 21 0 22 0
Pain
Not wearing the PDAFO
Report no pain (%) 13 30 7 21 22 44
Able to control pain (%) 91 78 93 86 90 67
Wearing the PDAFO
Report no pain (%) - 22 - 21 - 22
Able to control pain (%) - 91 - 100 - 78

MDT, multidisciplinary team; PHQ-9, Patient Health Questionnaire-9.
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Figure 2 Medium-term functional outcomes of passive-dynamic
ankle-foot orthosis (PDAFO) users. Data present pre-PDAFO and >12
months of follow-up measures in (1) all users, (2) patients who received
rehabilitation after PDAFO and (3) no rehabilitation after PDAFO.

Panel (A) demonstrates the prevalence of PDAFO users able to run
independently. Panel (B) demonstrates the prevalence of PDAFO users
able to walk independently. Panel (C) demonstrates the prevalence

of PDAFO users able to perform activities of daily living (ADL)
independently. Data presented as mean and SD.

was a twofold increase in the number of patients reporting ‘no
pain’ without the brace at follow-up (13%-31%). Patients who
received MDT rehabilitation after PDAFO were better able to
‘control their pain’ when wearing and not wearing their brace
compared with patients who did not receive rehabilitation after
PDAFO fitting.

Longitudinal
Sixteen patients received a minimum of two 3-week admissions.
Their pre-PDAFO, first, second and final admission clinical

outcomes are reported in Table 3 and Figure 3. Improvements in
6MWD were seen after PDAFO fitting at each admission (effect
size range 11%-219%). In people with lower extremity injury,
a minimal detectable change in 6MWD has been identified as
45 m."” After one 3-week admission, mean 6MWD increased
48 m from 440=75 to 488+67 m (p>0.05). By the end of the
second and final admissions significantly greater mean 6MWD
was recorded (51973 m, p=0.016 and 53368 m, p=0.003;
73 and 93 m, respectively). The most notable difference in phys-
ical performance after wearing the PDAFO was the increased
prevalence of patients able to run independently (Figure 3A).
The ability to run increased from 6% to 44% after one 3-week
admission; this pattern of progression continued to increase to
56% and 69% by the end of their second and final admissions,
respectively. Before PDAFO, only 31% of patients could walk
independently. By the end of the first admission, all patients
could walk independently and there was a twofold increase in
the number of patients able to walk speeds comparable with the
general population (>459 m) in 6 min (31%-69%). Prior to the
PDAFO being available to patients at DMRC, there was a signif-
icant difference in physical performance demonstrated at last
admission between BK-LS and d-BKA. At the end of their final
admission, the level of function demonstrated in PDAFO users
was notably higher than previous BK-LS and more comparable
to d-BKA groups. There were no significant changes in mean
depression or anxiety over time (p>0.05) with mean scores
between ‘3’ and ‘4’ indicating ‘no-symptoms’. ‘Moderate-symp-
toms’ of depression and anxiety reported pre-PDAFO provision
were no longer demonstrated after the first and second admis-
sions. There were no significant differences in mean depression
or anxiety scores at last admission between PDAFO users, BK-LS
and d-BKA (p>0.05). By the second admission, all PDAFO users
were able to ‘control their pain’ and there was an incremental
increase of patients reporting ‘no pain’ symptoms at last admis-
sion (6%-38%). This favourable pain status is comparable to
d-BKA (40%) and is twofold greater than previous BK-LS (15%)
groups.

DISCUSSION
This is the first study to evaluate the medium-term (mean 3411
months) effect of a PDAFO on functional and psychosocial
outcomes in patients with foot and ankle trauma. The results
suggest that the provision of a PDAFO to patients presenting
with lower extremity injuries commonly considered to demon-
strate poor long-term clinical outcomes' ®” has contributed to
lasting favourable results in a range of patient-reported measures.
Improvements (and importantly, no deterioration) in mobility
and pain status were demonstrated alongside unchanged levels of
‘none to minimal’ depression and anxiety and stable body mass
index (27+3 kg-m?). In light of the historical evidence,' *% ® the
outcomes demonstrated here are highly significant. Blair et al*
found that return-to-duty rates were increased in servicemen who
received an integrated orthotic and rehabilitation programme
(51%) compared with an IDEO brace alone (13%). Although
return-to-duty rates were not measured, an integrated PDAFO
and MDT rehabilitation approach facilitated higher levels of
mobility and more favourable pain responses compared with
PDAFO provision alone. It would be intuitive to propose that
this increased prevalence of patients able to ‘walk and/or run
independently’ with ‘controlled pain’ would heighten the prob-
ability of a patient finding employment after medical discharge.
The rehabilitation protocol used by the US military encour-
aged injured servicemen to complete 4 weeks of physical therapy
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Table 3 Length of MDT rehabilitation and longitudinal changes in psychosocial outcomes of passive-dynamic ankle-foot orthosis (PDAFO) users
who engaged in a minimum two inpatient rehabilitation admissions versus patients with previous traumatic lower extremity injury recorded at last
admission, prior to the availability of the brace. Data present pre-PDAFO, first, second and last admissions post-PDAFO provision compared with
previous below-knee limb salvage (BK-LS) and delayed below-knee amputees (d-BKA). Data presented as mean, SD, range and percentages

Patients who engaged in the recommended guidelines of =2 inpatient
MDT rehabilitation admissions wearing their PDAFO

Outcomes of patients with previous
lower extremity trauma recorded
at last admission prior to the
availability of the PDAFO*

First admission

Second admission

Preprovision post-PDAFO post-PDAFO BK-LS d-BKA
admission provision provision Last admission (last admission)  (last admission)
n 16 16 16 16 13 15
MDT rehabilitation
Months of rehabilitation 20+10 1+2 4+3 10+9 18+17 19+8
(3-42) (0-5) (2-8) (3-28) (3-58) (9-31)
Number of ~3 weeks of admissions 6+4 T+4 8+4 10+6 816 7+3
(2-16) (3-17) (4-18) (5-19) (2-13) (4-13)
Mental health outcomes
PHQ-9 (Depression) 4+4 442 3+3 3+3 4+5 4+6
(0-12) 0-7) (0-9) (0-8) 0-17) (0-19)
<5 No symptoms (%) 75 50 69 81 77 60
>10 Moderate symptoms (%) 13 0 0 0 15 20
>15 Moderate to severe symptoms (%) 0 0 0 0 8 7
Generalised Anxiety Disorder (GAD-7) 4+4 4+3 3+3 3+3 3+5 4+5
(0-11) (0-11) (0-9) (0-9) (0-16) (0-14)
<5 No symptoms (%) 75 69 63 69 69 67
>10 Moderate symptoms (%) 13 0 0 20
>15 Severe symptoms 0 0 0 0
Requires mental health support (%) 25 38 13 13 33 40
Pain
Report no pain (%) 6 13 31 38 15 40
Able to control pain (%) 88 88 100 100 85 93

MDT, multidisciplinary team; PHQ-9, Patient Health Questionnaire-9.
*Adapted from Ladlow et al.®

without the orthosis (IDEO), followed by 4 weeks with it.'
Bedigrew et al' investigated the effect of an integrated IDEO
and rehabilitation programme in a heterogeneous group of
injured servicemen (lower extremity fractures, nerve injuries and
arthritis) and reported no significant change in outcomes reported
between weeks 0 and 4. However, significant improvements in
physical performance, pain and patient-reported outcomes were
demonstrated between weeks 4 and 8. Making direct compari-
sons between our findings and the above articles must be done
with caution due to very different rehabilitation approaches and
measurement tools; however, collectively both militaries report
significant improvements in function and psychosocial outcomes
when integrating a PDAFO with MDT rehabilitation.'* Our find-
ings suggest PDAFO users who complete MDT rehabilitation are
able to demonstrate comparable functional and pain responses
to elective BKA with advanced prosthesis provision (Figure 3
and Table 3). This observation has recently been demonstrated
by US military rehabilitation centres.?!

The economic cost over 40 years of lower limb amputation is
thought to be $350 465 compared with $133 704 for lower limb
salvage surgery.”? Delayed amputation is also associated with
higher numbers of revision surgical procedures, rates of infec-
tious complications and non-healing wounds.”® ** With compa-
rable clinical outcomes being demonstrated between lower limb
amputees and limb salvage groups, healthcare providers may
wish to review the cost-effectiveness of using assistive technology

(like a PDAFOQ) prior to elective amputation in their patients
with traumatic lower extremity.

In one US military rehabilitation centre, over 80% of patients
treated with the IDEO avoided lower limb amputation within
the first year.” Six (9%) patients who had been prescribed the
UK PDAFO later had elective amputation. Their injury char-
acteristics and clinical outcomes are reported in the online
supplementary file 2. This group demonstrated a significantly
shorter 6MWD (370+61 m, p<0.035), greater mean depression
and anxiety scores and an increased prevalence required mental
health support in the admission prior to PDAFO provision than
those who continued to manage with their PDAFO.

Limitations

This study has several limitations. Of the 65 patients who
received the brace we were only able to follow-up 40 patients,
therefore, this may have skewed our finding. This further
substantiates the importance for future research investigating
the effectiveness and suitability of the PDAFO in injured UK
military personnel. It lacks a control group or an alternative
AFO making it challenging to assess the magnitude of improve-
ment across all outcome measures. Baseline (pre-PDAFO fitting)
measurement has however enabled patients to act as their own
controls. Of note, all patients received MDT rehabilitation prior
to their PDAFO fitting. The effect of this on clinical outcomes
using the PDAFO is unknown. Despite differences in length
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Figure 3  Longitudinal changes in functional outcomes of passive-dynamic ankle-foot orthosis (PDAFO) users who engaged in a minimum two
inpatient rehabilitation admissions against patients with previous traumatic lower extremity injury recorded at last admission prior to the availability
of the brace. Data present pre-PDAFO, first, second and last admissions post-PDAFO provision compared with previous below-knee limb salvage
(BK-LS) and delayed below-knee amputees (d-BKA). Panel (A) demonstrates the distance walked over 6 min. Panel (B) demonstrates the prevalence
of PDAFO users able to walk >459 m (general population norms). Panel (C) demonstrates the prevalence of PDAFO users able to run independently.
Panel (D) demonstrates the prevalence of PDAFO users able to walk independently. Panel (E) demonstrates the prevalence of PDAFO users able to
perform activities of daily living (ADL) independently. Data presented as mean and SD (adapted from Ladlow et a/®). 6MWT, 6 min walk test.

of rehabilitation between patients, the eligibility criteria for a
PDAFO meant relative levels of physical dysfunction and/or
pain-related disability would be standardised across the group
(all patients had reached a plateau in their level of function). The
nature of combining PDAFO with intensive MDT rehabilitation
may limit the external validity of these findings to civilian organ-
isations and/or patients that either do not have the resources
available to offer specialised rehabilitation or procure such a
novel orthosis to their patients. However, some of the traumatic
injuries presented in the PDAFO group are not dissimilar from
what might be expected in civilian-based trauma caused by a
high-energy mechanism such as a road traffic accident or a fall
from a height. A pragmatic and appropriately tailored rehabil-
itation intervention could yield clinically meaningful improve-
ments in patients who are motivated and have exhausted all
other rehabilitation and medical methods to improve function
and reduce distal lower extremity pain. Exploratory research

into the capability of this PDAFO for both UK civilian and mili-
tary personnel is encouraged.

CONCLUSION

The consequences of chronic pain and reduced physical func-
tion after lower extremity trauma may predispose an individual
to live a more sedentary lifestyle, regardless of their preinjury
activity levels. Strategies to increase physical function while
reducing the development of chronic health disorders in disabled
populations is a globally important issue. For young, previ-
ously active servicemen, the ability to remain physically active
with manageable pain post-trauma is often a primary concern
and aspiration. Prior to the provision of the US IDEO and UK
PDAFO, both the US and the UK military reported significantly
more favourable functional and psychosocial outcomes in their
BKA compared with lower limb salvage.” ® The introduction of
this orthosis has altered the clinical decision-making landscape
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by enabling patients to attain higher levels of functional inde-
pendence alongside reductions in pain comparable to BKA. The
decision to proceed with limb salvage with a PDAFO could lead
to advantageous and prolonged cardiovascular, musculoskeletal,
mental health and vocational benefits for patients. Improve-
ments in function, in combination with reductions in pain, are
the ‘holy grail’ of any surgical and rehabilitation intervention.
DMRC now considers the provision of this PDAFO an important
component in the aftercare and management of patients with
severe foot and ankle trauma and a viable alternative to elective
below-knee amputation.
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