
Frontiers of Nursing • 13(3) • 2026
DOI: 10.2478/FON-2026-0032

Frontiers of Nursing

277
*Corresponding author.
E-mail: 9629@ulscoimbra.min-saude.pt (I. Santos).

How to cite this article: Santos IMSC, Oliveira I de J, Parola VS de O. Postoperative rehabilitation after lower 
limb amputation due to peripheral arterial disease: scoping review. Front Nurs. 2026;3:277–290.

 Open Access. © 2026 Santos et al., published by Shanxi Medical Periodical Press.    This work is licensed under the Creative Com-
mons Attribution 4.0 License.

Postoperative rehabilitation after lower 
limb amputation due to peripheral arterial 
disease: scoping review

Review

Isabel Margarida Silva Costa dos Santosa,b,*, Isabel de Jesus Oliveirab, Vitor Sérgio de 
Oliveira Parolab

aLocal Health Unit of Coimbra, University Hospitals of Coimbra, Coimbra 3004-561, Portugal
bNursing School of the University of Coimbra, Health Sciences Research Unit: Nursing (UICISA:E), University of Coimbra, 3004-011 Coimbra  
3004-011, Portugal

Received: 11 November 2025; Accepted: 8 December 2025; Published: 20 September 2026

Abstract	 Objective: Lower-limb amputation due to peripheral arterial disease (PAD) predominantly affects older adults with multiple comorbidities, 
resulting in high postoperative complication rates, limited functional recovery, and adaptation challenges. Optimized rehabilitation is 
essential to restore mobility, independence, and quality of life.
Methods: We conducted a scoping review to map the rehabilitation interventions for individuals undergoing lower limb amputation due 
to PAD during the postoperative period. The review adhered to the Joanna Briggs Institute (JBI) methodology and the PRISMA-ScR 
reporting guidelines. The protocol was registered with the Open Science Framework (OSF). A comprehensive search was carried 
out in Medline, CINAHL, Cochrane Database of Systematic Reviews, Scopus, PEDro, Web of Science, SciELO, SPORTDiscus, and 
MedicLatina, complemented by gray literature (Google Scholar, MedNar, Open Access Scientific Repositories of Portugal [RCAAP]). 
No language or date restrictions were applied. Two independent reviewers screened records, resolving disagreements through a third 
reviewer.
Results: Of the 351 records screened, 5 studies met the inclusion criteria. The interventions identified in the immediate postoperative 
phase included early mobilization, structured rehabilitation protocols, pain management strategies, strengthening and balance 
exercises, wound care, and psychosocial support. Reported outcomes encompassed functional independence, hospital length of stay, 
prosthetic adaptation, and complication rates.
Conclusions: Early, comprehensive, and multidisciplinary rehabilitation is essential to optimize recovery in patients with PAD-related 
lower limb amputations. High-quality trials with standardized interventions and consistent outcome measures are urgently required to 
improve mobility, independence, prosthetic success, and overall quality of life in this vulnerable population.
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1.	 Introduction
Peripheral arterial disease (PAD) is a progressive 
vascular condition caused by stenosis or occlusion of 
peripheral arteries due to atherosclerosis.1,2 It is esti-
mated to affect between 10% and 20% of individuals 
over the age of 60 and is considered one of the leading 

causes of lower limb amputations.3,4 Clinical manifes-
tations typically begin asymptomatically and progress 
to intermittent claudication. In more advanced stages, 
patients may develop critical limb ischemia, character-
ized by rest pain, tissue necrosis, and gangrene.2,5
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Amputation becomes necessary when interventions 
such as bypass grafting, angioplasty, or other revascu-
larization procedures fail.1,6,7 Amputations are catego-
rized as either minor or major, with major amputations 
associated with significantly higher morbidity, mortality, 
and functional impairment.7 More than 80% of lower limb 
amputations are vascular in origin, commonly linked to 
comorbidities such as diabetes, hypertension, renal fail-
ure, and cardiovascular disease.8,9

The implications of amputation extend beyond 
physical loss, profoundly impacting mobility, autonomy, 
mental health, and overall quality of life for both patients 
and their families.10,11 Postoperative complications may 
be local, such as pain, infection, necrosis, dehiscence, 
neuroma, or phantom limb pain, or systemic, including 
thromboembolism, myocardial infarction, renal or car-
diac failure, and pneumonia.7,12 The 5-year mortality rate 
following major amputation ranges from 53% to 100%, 
particularly high among transfemoral amputees.13

Early rehabilitation, initiated during hospitalization, 
is associated with reduced mortality, lower risk of re-
amputation, increased functional independence, and 
shorter hospital stays.14,15 However, implementation 
is often hindered by advanced age, multiple comor-
bidities, pain, and poor adherence.12,16–19 Rehabilitation 
outcomes are shaped by factors such as amputation 
level, preoperative functional status, cognitive ability, 
pain management, motivation, social support, age, 
and availability of resources.12,20,21 Positive outcomes 
are more likely in patients with fewer comorbidities, 
higher preoperative function, and robust family sup-
port.7 Transtibial amputees are generally more likely 
to achieve independent ambulation than transfemoral 
amputees, though ambulation demands greater energy 
expenditure and is associated with lower prosthetic 
success rates.7

While early mobilization is challenging and requires 
individualized strategies, it remains critical for optimiz-
ing recovery.22 Structured rehabilitation programs, even 
those not involving prosthetic use, have been shown 
to improve functionality and reduce mortality.23 Ensur-
ing continuity of care across hospital, community, and 
home settings is essential to prevent loss of function. 
Evidence-based interventions, including those applied 
after prosthetic training, have demonstrated improve-
ments in mobility.24 However, rehabilitation processes 
are frequently interrupted by complications such as 
poor wound healing or clinical deterioration, under-
scoring the necessity for individualized rehabilitation 
plans.25

In the psychosocial domain, depression affects 
approximately 60.6% of amputees, often linked 
to chronic pain, social isolation, and loss of inde-
pendence.9,26 Integrated approaches that combine 

specialized rehabilitation, peer support, caregiver train-
ing, and community-based initiatives appear to offer the 
most promise.11,12,20

Pre-amputation clinical and functional status 
are among the strongest predictors of successful 
rehabilitation and long-term survival.21 Nevertheless, 
the limited number of studies focusing specifically on 
elderly individuals with vascular-related amputations 
and multiple comorbidities hampers the development 
of robust, evidence-based guidelines.20,22 Furthermore, 
although several protocols and guidelines are available, 
their implementation has varied across contexts, compli-
cating efforts to evaluate their effectiveness and identify 
the most appropriate interventions or programs.18,19,27–29

To assess the existing evidence base, a preliminary 
search was conducted in Medline (via PubMed), 
the Cochrane Database of Systematic Reviews, 
International Prospective Register of Systematic 
Reviews (PROSPERO), and the Open Science Frame-
work (OSF). This search did not identify any published 
or ongoing systematic or scoping reviews specifically 
focused on postoperative rehabilitation in individuals 
undergoing lower limb amputation due to PAD.

Therefore, this scoping review was undertaken to fill 
that gap by mapping rehabilitation interventions imple-
mented in the acute postoperative period, before pros-
thetic fitting, in individuals who have undergone lower 
limb amputation due to PAD.

2. Methods
A scoping review was conducted to provide a compre-
hensive overview of the topic, map the existing evidence, 
identify knowledge gaps, and inform future decision-
making.30 This review followed the Joanna Briggs 
Institute (JBI) methodology for scoping reviews30,31 and 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses Extension for Scoping Reviews 
(PRISMAScR) guidelines.31 The protocol was registered 
in the OSF: DOI 10.17605/OSF.IO/PW5C4 and pub-
lished elsewhere.32

2.1. Eligibility criteria

The eligibility criteria for this review were organized 
according to the PCC mnemonic: Participants, Concept, 
and Context. The population included individuals 
aged 18  years or older who had undergone lower 
limb amputation due to PAD, regardless of the level 
of amputation. The concept focused on rehabilitation 
interventions or programs that had been effectively 
implemented in clinical practice and whose outcomes 
had been evaluated. These interventions were expected 
to enhance functional independence, shorten hospital 
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stays, facilitate early ambulation, and promote success-
ful adaptation to a prosthesis.

The context encompassed various surgical settings 
in which lower limb amputations due to PAD were per-
formed, and where patients remained until they were 
discharged home or transferred to another institution. 
Only interventions implemented during the acute post-
operative period, defined as the initial inpatient reha-
bilitation phase prior to prosthesis application,33 were 
considered. Studies that exclusively addressed preop-
erative, late postoperative, or post-prosthetic phases 
were excluded, as the review specifically aimed to map 
rehabilitation interventions initiated during hospitaliza-
tion and the immediate postoperative stage.

2.2. Research question

The primary research question guiding this review was: 
What rehabilitation interventions were implemented 
and evaluated for individuals who underwent lower limb 
amputation due to PAD in the postoperative period? 
In addition, the review explored several secondary 
aspects, including the characteristics of these interven-
tions (such as frequency, duration, intensity, periodicity, 
and continuity after discharge), the health professionals 
responsible for implementing them, the types of ampu-
tation covered, and the reported outcomes in relation 
to functional independence, including hospital length of 
stay, ambulation capacity, independence levels, compli-
cation rates, and prosthetic adaptation.

2.3. Research strategy

A wide range of study designs was considered, includ-
ing experimental and quasi-experimental studies, clini-
cal trials, before-and-after studies, and interrupted time 
series. Prospective and retrospective cohort studies, 
case-control studies, analytical and descriptive cross-
sectional studies, case series, individual case reports, 
and relevant systematic reviews were also eligible for 
inclusion, provided they met the other criteria.34

No restrictions were applied regarding language or 
publication date to ensure the comprehensiveness of 
the search. The following databases were searched: 
Medline (via PubMed), Cumulative Index to Nursing 
and Allied Health Literature (CINAHL) via Elton Bryson 
Stephens Company (EBSCO), Cochrane Database of 
Systematic Reviews, Scopus, Physiotherapy Evidence 
Database (PEDro), Web of Science, Scientific Elec-
tronic Library Online (SciELO), SPORTDiscus with full 
text (via EBSCO), and MedicLatina (via EBSCO). To 
supplement the database search, gray literature was 
explored using Google Scholar, MedNar, and the Open 
Access Scientific Repositories of Portugal (RCAAP). 

The research was conducted using the following infor-
mation sources and databases: Medline (via PubMed), 
CINAHL (via EBSCO), Cochrane Database of System-
atic Reviews, Scopus, PEDro, Web of Science, SciELO, 
SPORTDiscus with full text (via EBSCO), MedicLatina 
(via EBSCO). Research was also carried out in sources 
of unpublished studies and gray literature: Google 
Scholar, MedNar, and RCAAP.

The research process was conducted in 3 stages 
between May and June 2025. Initially, a limited search 
was performed in MEDLINE and CINAHL to identify rel-
evant articles and extract keywords and indexing terms 
from titles and abstracts. These terms were then used 
to construct a comprehensive search strategy, which 
was adapted for all selected databases and informa-
tion sources. Finally, the reference lists of all included 
studies were reviewed to identify additional publications 
relevant to the research objectives.34

The results obtained from the different databases 
were exported to Mendeley Desktop (version 1.19.4, 
Elsevier Ltd., London, UK). Duplicate records were 
identified and removed. All study titles and abstracts 
were screened for inclusion and exclusion criteria by 
2 independent reviewers. Subsequently, all full articles 
that met the inclusion criteria or that raised questions 
due to insufficient clarity in the abstract were retrieved. 
After reading the primary selected articles in full, 2 inde-
pendent reviewers analyzed them, and whenever nec-
essary, a third researcher was consulted.

3. Results
The results of the review were organized following the 
preferred reporting items for systematic reviews and 
meta-analyses extension for scoping reviews (PRISMA-
ScR) guidelines for scoping reviews. Eleven additional 
studies were identified through gray literature sources.

After full-text screening, several studies were 
excluded for not meeting the inclusion criteria. The 
adapted PRISMA-ScR flowchart (Figure 1) illustrates 
the process of study selection, including the number of 
articles identified, screened, included, and excluded, 
along with reasons for exclusion. Ultimately, 5 studies 
were included in the final review.

In accordance with JBI methodological guidance, 
the study by Wong et al.35 was included, although 
it incorporates 2 studies already represented in the 
review, those by Marzen-Groller et al.36 and O’Banion 
et al.8 leading to overlap. To avoid duplication, the syn-
thesis accounts for this overlap, and data from these 
studies are presented only once. Wong et al.’s inclu-
sion is justified as it contributes relevant information on 
early postoperative rehabilitation in amputees without 
prosthetic fitting.
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Figure 1.  Adapted flowchart - PRISMA-ScR. RCAAP, Open Access Scientific Repositories of Portugal.
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The 5 included studies span a publication period 
from 1999 to 2024 and originate from 3 countries: the 
United States (n = 3), India (n = 1), and Sweden (n = 1). 
The study designs were diverse, comprising observa-
tional studies (pre-post comparative, retrospective, 
predictive), case reports or protocol descriptions, and 
one scoping review (Table 1).

These studies addressed various aspects of post-
operative rehabilitation for individuals undergoing lower 
limb amputation due to PAD. One study was itself a 
scoping review, conducted by Wong et al.35, which 
synthesized 8 primary studies. However, several of 
those included in Wong et al.’s review were not deemed 
relevant to the current review because they focused 
exclusively on patients already fitted with prostheses 
during the acute postoperative period, an uncommon 
scenario in many care settings.

The objectives of the studies varied widely. Study 
S2 focused on evaluating the effects of a rehabilitation 
program on pain relief, muscle strength, wound healing, 
and the recovery of functional capacity and self-suf-
ficiency. Study S3 examined the relationship between 
early mobilization, discharge destination, and outcomes 
such as hospital length of stay and walking resump-
tion. Study S4 investigated the predictive value of the 
Swedish version of the Katz Index of Activities of Daily 
Living for hospital stay duration, likelihood of discharge 
to home, and 1-month mortality. Study S5 mapped exist-
ing evidence on early mobilization in the postoperative 
period among people with amputations (Table 2).

The studies implemented rehabilitation interven-
tions that differed in composition, frequency, dura-
tion, and timing of initiation. Study S1 described the 

amputee mobility protocol (AMP), which included pre-
operative assessment, progressive gait training, and 
early ambulation, initiated within 24  h of surgery and 
maintained for 5  months. Study S2 reported a stan-
dardized rehabilitation and postural correction program 
applied to a single case, starting on the second post-
operative day and continuing for at least 4 weeks. The 
intervention included active mobilization, rigid stump 
dressing, edema control, transcutaneous electrical 
nerve stimulation (TENS), cryotherapy, and strengthen-
ing and balance training, among other components. In 
Study S3, physical therapist consultation occurred on 
or before the first postoperative day, followed by rapid 
transfer to an acute rehabilitation unit and implementa-
tion of standardized discharge criteria. Study S4 began 
intervention within the first 3 d post-surgery, emphasiz-
ing functional assessment, muscle strengthening, and 
transfer training. Study S5 reinforced early mobiliza-
tion, both with and without temporary prosthesis use, 
as a frequent practice in the acute hospital setting. 
It included overlapping data from Studies S1 and S3 
(Table 2).

In terms of outcome evaluation, some studies 
extended their assessments beyond the immediate 
postoperative period (S2, S3, S4), while others confined 
their evaluation to the inpatient phase until discharge 
from the acute care setting (S1) (Table 3). The sample 
sizes varied significantly, ranging from a single partici-
pant in Study S2 to 1634 participants in Study S5. The 
average participant age ranged from 56.7 years (S5) to 
78 years (S4).

Regarding the characteristics of the rehabilita-
tion interventions (Table 4), daily frequency was the 

No. Study (author, year) Title Country Type of study

S1 MarzenGroller et al. 
(2008)36

“Testing the effectiveness of the AMP:  
a pilot study”

USA Observational: pre and post program 
implementation

S2 Sheikh et al. (2024)38 “Tailored physiotherapy combined with 
exercises for enhanced recovery post-
below-knee amputation in a diabetic patient 
with PAD: a case report”

India Case report

S3 O’Banion et al. (2020)39 “Outcomes of major lower extremity 
amputations in dysvascular patients: room 
for improvement”

USA Observational, retrospective study

S4 Hermodsson & Ekdahl 
(1999)40

“Early planning of care and rehabilitation 
after amputation for vascular disease by 
means of Katz index of activities of daily 
living”

Sweden Observational, predictive study

S5 Wong et al. (2024)35 “A scoping review of postoperative early 
rehabilitation programs after dysvascular - 
related amputations”

USA Scoping Review: 8 studies: 2 retrospective 
cohort studies, 3 case-control studies, 2 
single-group interventional studies, and 1 
case study

Table 1. Studies included in the scoping review.
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Study Main components of interventions or programs

S1 AMP with divergent interventions between people with BKA or AKA amputation:
- Day 1: exercises in bed
- Second day: transfer to chair
- Third day: beginning of the march to discharge
- Control of postoperative edema
- Gradual gait patterns
- Assessment of emotions through therapeutic communication and direct observation
- Consistent reinforcement and immediate positive feedback

S2 Components of the Rehabilitation process:
- Education of the person about the effects of rehabilitation focused on the person’s goals and necessary care
- Pain relief: TENS waves and cryotherapy
- Positioning and edema control: elevation, prone position, compression
- Prevention of respiratory complications: breathing exercises
- Prevention of muscle atrophy: range of motion exercises
- Promote stump healing: infrared radiation therapy
- Promote muscle strengthening: strengthening exercises for the lower limbs, core and upper limbs
- Promote mobility in bed: rolling and transfer exercises
- Promote balance and coordination: sitting and standing
- Promote mobility: gait training started with a walker
- Promotion of pre-prosthetic education: pre-prosthetic preparation, compressive bandage, soft tissue mobilization, weight 
distribution and limb care

S3 Rehabilitation interventions in surgery or vascular services:
- Transfer from bed to chair as early as possible
- Non-weight-bearing exercises
- Strengthening of the upper limbs
Rehabilitation Unit Rehabilitation Program: Not described

S4 - Circular dressing for 3 weeks
- Stitches removed after 3 weeks if healed, after which elastic modulating stockings are placed
- On the third day:
- Strengthening exercises
- Verticalization training
- Transfer training
- The person and caregiver begin interacting with other amputees in the group
- Physical and psychosocial interventions are coordinated by the multidisciplinary team in the initial phase of rehabilitation, 
functional capacity exams and prosthesis.

S5  postoperative mobilization  in the first 3 postoperative days.

Note: AKA, amputation above the knee; AMP, amputee mobility protocol; BKA, amputation below the knee;  FIM, functional independence measure; 
TENS, transcutaneous electrical nerve stimulation; TMA, tansmetatarsal amputation.

Table 2. Rehabilitation interventions.

most reported schedule (S1, S2, S3), although only 
Study S2 specified the number of sets and repetitions 
for individual exercises. While several studies did not 
clearly report the total duration of interventions, Study 
S1 documented a 5-month program, Study S2 indi-
cated 4 weeks, and Study S4 noted that the program 
continued at home. Study S2 also provided detailed 
information on the intensity and periodicity of its com-
ponents. Continuity of rehabilitation following the acute 
postoperative period occurred in the same care set-
ting in Studies S1, S2, and S4, and through transfer 
to other institutions or home-based care in Studies S3 
and S4.

The interventions were implemented in varied clini-
cal settings (S1–S4) and were consistently carried out 

by multidisciplinary teams. Physiotherapists played a 
central role across all studies, working in collaboration 
with nurses, vascular surgeons, and, in some cases, 
academic researchers (Table 5).

The types of amputation addressed by the reha-
bilitation interventions in the included studies were 
predominantly major amputations, although one study 
also included cases of minor amputation (S1). Among 
the major amputations, the following were reported: 
above-the-knee amputation (AKA), also referred to as 
transfemoral or supracondylar (S1, S3, S5); below-the-
knee amputation (BKA), also known as transtibial or 
infracondylar (S1, S2, S3, S4, S5); and transmetatarsal 
amputation (TMA) (S1). All cases resulted from periph-
eral vascular pathology.
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Study Start phase Assessment moments Indicators/instruments

S1 - Post-operative
- Early post-operative period: first post-
operative day

Assessment with the modified FIM Scale in the 
preoperative period
Assessment throughout hospitalization after 
amputation.

- Functional mobility: FIM
modified
- Length of hospital stay 

S2 - Acute postoperative: second 
postoperative day

Second postoperative day
Fourth week

- Numerical Pain Rating Scale
Beck Depression Inventory Scale,
- Manual muscle strength tests
- Range of motion tests

S3 Between the day of surgery and the 
fourth postoperative day

One day before surgery or between the first and 
fourth postoperative day
After completing rehabilitation (in units or at 
home)

- Postoperative–Length of hospital stay
- Disposition for discharge
- Time until ambulation

S4 Early post-operative period–starting on 
the third day

- Upon admission to the orthopedic service
- 5–7 d after amputation
- 1 month post-operatively
- 6 months post-operatively

- Katz index
- Duration of hospital stay
- Discharge home
- Mortality at 1 month

S5 Early postoperative period Not applicable - Various results reported in the 8 
studies

Note: FIM, Functional Independence Measure.

Table 3. Assessment of rehabilitation interventions.

Study Frequency (sessions/week) Duration, intensity, periodicity

S1 Interventions carried out daily 5-month program
Hospitalization with an average duration of approximately 18.3 d

S2 Exercises performed daily
- Exercises with sets of 10 repetitions
- Cryotherapy applied 2–3 times a day

Duration per session: Cryotherapy for 15–20 min; infrared radiation for 10–15 min 
per week for healing and 20 min in the fourth week for scar management; gait 
training for 10–15 min
4-week intervention

S3 Daily Upper limb strengthening exercises and non-weight-bearing exercises can be 
initiated preoperatively
In the first intervention, the person is transferred from the bed to the chair during 
hospitalization

S4 No information Does not specify duration, intensity, and periodicity
Program can be continued at home

S5 No information Variable in different studies with and without prosthesis

Table 4. Characteristics of inventions.

Study Context Professionals involved

S1 Acute care unit (vascular medical-surgical unit in an 
academic community hospital)

Multidisciplinary team (nurses, physiotherapists, researchers, and 
vascular surgeon)

S2 Phase - in hospitalization Physiotherapist
Nursing team

S3 Regional hospital Multidisciplinary team (surgeons, physiotherapists)

S4 Orthopedic service Multidisciplinary team (nursing, therapists, surgeons)

S5 Acute postoperative care Multidisciplinary team

Table 5. Health professionals implementing the intervention.
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Study Length of hospital stay Walking ability/mobility Level of independence

S1 - Pre protocol (AMP): 15.3 d
- Pos protocol (AMP): 18.3 d

- Improved functional mobility (FIM): the 
TMA group had a significant increase in 
walking distance
- Reduction in hospital stay: 0.7 d in 
TMA; 7.1 d in BKA and 2.7 d in AKA

- 64% of post-AMP patients were able to return home 
or go to a rehabilitation center, compared to 44% of 
the pre-AMP group

S2 - Pre-operative: 5 d
- Post-operative: approximately 
4 weeks

- Increased mobility: walking with a 
walker
- Increased muscle strength
- Increased joint range of motion

- Ability to walk with a walker
- Pain control

S3 Average length of stay in the 
surgical unit:
- 4 d ± 3 d for transfers to acute 
rehabilitation units
- 5 d ± 3 d for home transfers
- 8 d ± 8 d for transfers to 
specialized nursing institutions
Total rehabilitation time (in 
institution or at home): 224 d 
(95–567 d)

- Faster ambulation with physical therapy 
after transfer to a rehabilitation unit

Functional independence on day 5–7 (Katz index):
- 2 people level A and B
- 92% (47/51) level E to G (unable to stand on one leg)

S4 - 20% home discharge 
≤1 month
- 62% (32/52) discharged 
≤6 months
- 7 people high >6 months

No information No information 

S5 - Variable (not reported by all 
studies)

Safe early mobilization
- People without temporary prosthesis 
have a higher risk of falling

- The review indicated that early mobilization led to 
functional gains and benefits in FIM mobility score

Note: AKA, amputation above the knee; AMP, amputee mobility protocol; BKA, amputation below the knee; FIM, functional independence measure; 
TMA, tansmetatarsal amputation.

Table 6. Results related to functional independence.

Study Complications Adaptation to the prosthesis

S1 - After the protocol (AMP): no thrombotic events
- Pre-protocol (AMP) group with 10% thrombotic events

No information

S2 - Pain
- Decreased muscle strength
- Decreased body alignment and balance

Pre-prosthetic training for future adaptation to the prosthesis: pre-
prosthetic teachings carried out

S3 - 15% - surgical wound infection
- 15% - readmission
- 7% - mortality
- 1 case of reamputation (BKA to AKA)

Received prosthesis: 44%
Rehabilitation brought forward delivery by about 1 month

S4 - 4% mortality in the first month (2/52 people)
- 25% mortality at 6 months (13 users)
- 90% malnourished at the time of amputation

After 1 month of surgery: 0 people with prosthesis

S5 - Reamputation surgeries
- Falls
- Wound healing problems

Temporary prostheses in 5/8 studies (132 patients) associated with 
faster prosthetic fitting (2–2.4 months versus 5.1 months for those 
without temporary prosthesis)

Note: AKA, amputation above the knee; AMP, amputee mobility protocol; BKA, amputation below the knee.

Table 7. Complications and adaptation to the prosthesis.
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Functional independence was a common outcome, 
typically assessed using indicators such as the func-
tional independence measure (FIM) score, walking 
capacity, hospital length of stay, complication rates, and 
prosthetic adaptation.

Study S1 reported an average hospital stay of 18.3 d 
in the post-protocol group. In contrast, Study S3 found 
significantly shorter stays - averaging 4  d  ±  3  d - for 
patients referred to acute rehabilitation, compared to 
those discharged home (5 d ± 3 d) or to long-term care 
institutions (8 d ± 8 d) (Table 6).

Improvements in walking capacity and mobility were 
consistently observed. Study S1 noted gains of 1–2 
points in FIM transfer scores and increased walking dis-
tances, particularly among patients with TMA. Study S2 
reported enhanced muscle strength, range of motion, 
and perceived quality of life. Study S3 showed that 
early initiation of physical therapy contributed to faster 
ambulation. Finally, the scoping review (S5) supported 
the safety and efficacy of early mobilization, linking it 
to functional improvements and higher FIM mobility 
scores.

Regarding complications, Study S1 reported no 
thrombotic events in the post-protocol group, compared 
to a 10% incidence in the pre-protocol group. Study S3 
documented a 15% rate of surgical site infections, 15% 
hospital readmissions, and a 7% mortality rate. Study 
S4 reported a mortality rate of 4% at 1 month and 25% 
at 6 months post-amputation. Study S5 noted a higher 
frequency of revision surgeries and falls among patients 
who did not use a temporary prosthesis, along with 
wound healing issues in both groups—with and without 
temporary prosthesis use (Table 7).

Prosthetic adaptation was evaluated as a key out-
come in several studies. Study S2 suggested that 
incorporating pre-prosthetic training may support more 
effective prosthesis fitting. In Study S3, 44% of partici-
pants received a prosthesis, and early rehabilitation was 
associated with a reduction in waiting time for fitting by 
approximately 1 month. Study S5 reported that the use 
of a temporary prosthesis may lead to faster definitive 
prosthetic fitting - ranging from 2 months to 2.4 months - 
compared to an average of 5.1 months among individu-
als who did not use a temporary prosthesis.

4. Discussion
The findings of this scoping review directly address 
the central question of characterizing postoperative 
rehabilitation interventions for individuals who have 
undergone lower limb amputation due to PAD. Although 
the heterogeneity of designs and outcomes limits the 
depth of comparison, this mapping approach allows a 
comprehensive understanding of existing rehabilitation 

interventions and their implications. The identified inter-
ventions span the continuum of care from immediate 
postoperative management to social reintegration, high-
lighting the complex and multifaceted nature of rehabili-
tation in this population.

Even though the interventions varied in composition, 
frequency, duration, and timing, there was consistent 
emphasis on key elements: early mobilization, the use 
of structured protocols, effective pain management, and 
psychosocial support. These interventions were typically 
delivered by multidisciplinary teams. The reported out-
comes suggest improvements in mobility and functional 
independence, shorter hospital stays, and enhanced 
success in prosthetic adaptation.

The critical role of early rehabilitation is well sup-
ported in the literature. Study S3 demonstrated that 
initiating ambulation preoperatively or on the first 
postoperative day significantly accelerated recovery. 
Similarly, Studies S1 and S2 reported gains in mobil-
ity, muscle strength, and joint range of motion following 
early mobilization protocols, including improved scores 
on the FIM and increased ambulation distances, par-
ticularly in patients with TMAs. Other studies further 
reinforce that early mobilization contributes to functional 
improvements and reduced hospital stays, underscoring 
its essential role in postoperative recovery.12,35

Limited mobility after amputation is associated with 
complications, including delayed healing, a higher risk of 
re-amputation, and increased postoperative mortality.19 
Furthermore, walking with a prosthesis requires greater 
energy expenditure due to the weight of the device.

Early mobilization is unanimously considered 
essential,19,22,35–40 promoting functional gains, albeit 
modest, in terms of mobility, strength, and joint range of 
motion.12,36,38 However, the heterogeneity of the assess-
ment moments and scales used limits the consistent 
measurement of effectiveness.

Other dimensions of the rehabilitation process, such 
as edema control, emotional assessment, psychosocial 
interventions, pre-prosthetic training, pain relief, 
atrophy prevention, promotion of stump healing, muscle 
strengthening, and caregiver involvement, are described 
heterogeneously in studies.35 Walking training, in turn, is 
associated with gains in walking speed.41 However, in 
cases of immobility or prior deconditioning, rehabilita-
tion should prioritize strength, extremity mobility, trans-
fer ability, and wheelchair use, achieving the highest 
possible level of independence.8,21 From this perspec-
tive, the importance of aligning the objectives, content, 
intensity, and duration of rehabilitation programs with 
the preferences and goals of patients and professionals 
is highlighted.41

In addition to physical interventions, some strategies 
related to postoperative management are not addressed 
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in all studies. The application of rigid dressings in trans-
tibial amputations may improve edema control and early 
mobilization, but comparative evidence with soft dress-
ings remains uncertain regarding healing, ambulation, 
and time to prosthesis fitting.41–43

Phantom limb pain management is crucial, with gab-
apentin as a first-line treatment and limited opioid use. 
Mirror therapy, applied early, shows potential in reducing 
pain and enhancing phantom limb awareness, though 
more studies are needed. The effectiveness of TENS 
and other interventions remains inconclusive.29,41,42,44 
Psychosocial intervention is vital for amputation accep-
tance, rehabilitation adherence, and improving func-
tional outcomes and quality of life, especially given the 
high prevalence of depression and anxiety.12,41

Complications after lower limb amputation signifi-
cantly impact quality of life and rehabilitation, affect-
ing functional independence. Common issues include 
thrombotic events, infections, readmissions, pain, mus-
cle weakness, malnutrition, re-amputation, falls, and 
stump healing problems. Mortality rates remain high, 
particularly after major amputations, due to surgical 
complexity, aging, and comorbidities. Stump deformities 
like knee, hip flexion, and abduction can be prevented 
with proper positioning and stretching exercises.19,45–47 
Other complications include hematomas, necrosis, 
neuromas, and infections. Amputation is also linked to 
reduced balance, strength, mobility, depression, and 
social isolation, underlining the need for integrated 
physical and psychosocial interventions.9,12,48

Previous studies consistently show the importance 
of a multidisciplinary approach in the rehabilitation pro-
cess, emphasizing that collaboration between health-
care professionals is crucial to optimize functional 
recovery and the quality of care.2,19,41,48 In this multidis-
ciplinary approach, teams involve surgeons, nurses, 
rehabilitation nurses, physiatrists, physiotherapists, 
occupational therapists, and prosthetists, reflecting the 
complexity and diversity of this population’s needs.2,19,41 
This approach is particularly relevant for people with 
arterial disease, whose complex comorbidity requires 
specialized knowledge and coordination between dif-
ferent areas of intervention.2 In some countries, how-
ever, there is no specialized rehabilitation nurse role,49 
with responsibility often assigned solely to the physio-
therapist, who assumes the assessment, planning, and 
implementation of the rehabilitation plan.

The findings reinforce the need to prioritize quality 
rehabilitation services, especially given the rising inci-
dence of diabetes and atherosclerotic disease. The 
high mortality rate and the demand for specialized care 
pose critical challenges for health policies, stressing 
the urgency of structured and integrated rehabilitation 
programs.48

Prosthetic fitting is one of the central objectives 
of the post-amputation rehabilitation process, as evi-
denced throughout this review. Effective prosthetic 
fitting training and the inclusion of pre-prosthetic edu-
cation are essential components.38,40 Early intervention 
can accelerate prosthetic use, offering significant ben-
efits for functional recovery.39

The use of temporary prostheses accelerates fitting, 
reducing the average adaptation time from 5.1 months 
to 2–2.4 months,35 and early inclusion in rehabilitation 
programs increases prosthetic fitting success rates.39,50 

However, limitations persist in specific populations, with 
only a 15% prosthetic fitting rate and an average wait of 
16.33 months, reflecting challenges in the provision and 
preparation of prostheses.12

These limitations contrast with the rates observed 
in other amputation etiologies, highlighting the specific 
challenges of the population with arterial disease. Asso-
ciated comorbidities influence postoperative ambulation 
and the setting of realistic goals, requiring individualized 
approaches that consider the individual’s overall clinical 
context.22

Therefore, understanding individual characteristics 
before and after surgery is essential to establish realistic 
postoperative goals, recognizing that not all patients will 
be able to resume walking with a prosthesis, depending 
on their functional limitations and comorbidities.12,19

In this context, rehabilitation nurses play a pivotal 
role in coordinating and ensuring continuity of care, 
monitoring wound healing, preventing complica-
tions such as contractures and falls, and promoting 
autonomy through education and self-management 
training. Their integration in multidisciplinary teams is 
essential to ensure individualized and holistic reha-
bilitation, particularly in elderly patients with complex 
comorbidities.

5. Conclusions
This scoping review aimed to map and describe the 
rehabilitation interventions implemented and evaluated 
in the postoperative period for individuals undergoing 
lower limb amputation due to PAD. While the interven-
tions identified were heterogeneous in terms of com-
position, frequency, duration, intensity, and continuity, 
there was a recurring emphasis on early mobilization, 
the use of structured protocols, pain management, and 
psychosocial support.

The interventions were most often carried out by 
physiotherapists and nurses, often within multidisci-
plinary teams. Reported benefits included improve-
ments in mobility, functional independence, shorter 
hospital stays, and enhanced prosthetic adaptation, 
particularly when rehabilitation was initiated early. 
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However, these findings should be interpreted cau-
tiously, given the limited number of studies and vari-
ability in study designs.

Despite these positive indications, several chal-
lenges persist. Postoperative complications, such as 
infections, readmissions, early mortality, and wound 
healing difficulties, continue to hinder rehabilitation out-
comes. Additionally, the absence of standardized pro-
tocols and the wide variability in interventions limit both 
the replicability of results and the consistent application 
of best practices.

The current evidence base remains limited, char-
acterized by a scarcity of randomized controlled trials, 
small sample sizes, and inconsistent outcome mea-
sures. These limitations highlight the need for more rig-
orous and targeted research to inform the development 
of rehabilitation protocols tailored to the clinical com-
plexity of this population.

While the available evidence is preliminary, it sug-
gests that an integrated, early, and multidisciplinary 
approach to rehabilitation, one that encompasses 
pre-prosthetic preparation, psychosocial support, and 
the establishment of realistic recovery goals, may be 
beneficial. Advancing such approaches represents a 
meaningful step toward improving the quality of life 
and functional outcomes for individuals with PAD-
related amputations. Despite the limited number and 
variability of available studies, this scoping review 
provides an integrative synthesis that supports future 
clinical trials and the development of standardized, 
evidence-based rehabilitation guidelines for PAD-
related amputations.

Limitations
There remains a notable gap in the literature regard-
ing high-quality clinical trials and systematic reviews 
on post-amputation rehabilitation for individuals with 
PAD. In particular, there is a lack of evidence estab-
lishing standardized protocols that define the content, 
frequency, intensity, and duration of interventions, 
as well as their timing, both in the postoperative and 
preoperative phases, and the use of consistent out-
come measures across different levels of amputa-
tion.35,41,51–53 This lack of standardization limits the 
replication of effective interventions and poses chal-
lenges for their practical implementation in clinical set-
tings.12,25,41 These gaps also hinder the validation of 
structured protocols and underscore the urgency for 
more rigorous research.

As a scoping review, this study was not designed 
to evaluate causal relationships or the effectiveness 
of specific interventions, but to map and summarize 

available evidence. The limited number and heteroge-
neity of studies are inherent to the topic and highlight 
the need for standardized protocols and higher-level 
studies. Therefore, the analysis of the available stud-
ies further emphasizes the need for randomized clini-
cal trials involving larger and more representative 
samples across different levels of amputation, using 
standardized outcome measures.12,35,41 As a scoping 
review, this study is limited by its focus on breadth 
over depth and the potential exclusion of relevant data 
not captured in the selected databases or gray litera-
ture sources.

Recommendations
The literature highlights several priority areas, includ-
ing the development of standardized rehabilitation 
protocols, the evaluation of emerging technologies, 
and the conduct of robust studies focused on spe-
cific populations. Many existing multidisciplinary pro-
grams are designed for broader vascular populations 
and often implement interventions that have not been 
specifically tested in individuals with PAD-related 
amputations.8,27,28,54,55

Gait and mobility training must balance standardiza-
tion and personalization, adapting objectives, intensity, 
and duration to patients’ goals. However, the lack of clin-
ical trials and systematic reviews limits evidence-based 
protocols, leaving practice largely dependent on profes-
sional experience.41

Findings highlight the need for rigorous clinical tri-
als to clarify context, target populations, and implemen-
tation strategies, ensuring validation and replication. 
Psychosocial support is essential due to high rates of 
anxiety and depression, while family involvement pro-
motes autonomy, home adaptation, and fall preven-
tion.2,11,28,56 Rehabilitation should go beyond functional 
recovery, integrating social participation, professional 
reintegration, and sexuality, with early intervention being 
crucial.12,41

In complication management, uncertainty remains 
regarding the ideal dressing type. Immediate rigid 
dressings may prevent edema, but evidence is insuffi-
cient.41–43 For phantom limb pain, gabapentin remains 
first-line therapy, while mirror therapy shows initial but 
limited benefits. Other approaches, such as TENS, 
remain inconclusive, reinforcing the need for larger ran-
domized trials.42,44

Future rehabilitation programs should explicitly 
define the contribution of rehabilitation nurses in post-
operative care, emphasizing their leadership in patient 
education, complication prevention, and functional 
recovery.
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