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People with diabetes have an increased incidence and
severity of PAD compared with the general popula-
tion.1,2 Every 1% increase in glycated hemoglobin in
people with diabetes corresponds to a 26% increase 
in the risk of PAD.3

PAD occurs when arterial plaques or stenoses form
within the arterial lumen and impede blood flow. In the
lower extremities, this process occurs slowly and over a
wide area of the artery, most often occurring distally in
the femoral-popliteal and tibial arteries in people with
diabetes.4-6 Blood flow can be temporarily diverted
through smaller arterial branches via the collateral 
circulation. In moderate to severe stages of disease
blood flow is severely restricted (i.e. stenosed) or com-
pletely blocked (i.e. occluded). 
Clinical manifestations typically begin with intermittent

claudication in the form of slow walking, calf cramping
and leg fatigue.7 In 50% of patients, however, symp-
toms of claudication are not present because of
reduced activity or diabetes-associated peripheral 
neuropathy.8 The symptoms may progress to disabling
pain at rest, ulceration with or without infection, 
gangrene, limb loss and death.9 Given the severity of
outcomes, it is imperative that people with diabetes are
monitored for the presence or worsening of PAD and
appropriate referrals or interventions are undertaken to
prevent and manage the complications of PAD.

Treatment of peripheral arterial disease
The treatment of PAD is dependent on the stage 

and extent of the disease, but may include risk-factor
modification, exercise programs, consistent foot care,
antibiotic use and surgical intervention.4,6 Patients
should be carefully monitored for changes to arterial
circulation in the form of decreased or impalpable 
pulses, necrotic ulcerations, abnormal ankle–brachial
index measurements (<0.9), disabling intermittent
claudication, critical limb ischemia, rest pain or tissue
loss (including ulceration). Any of these warrant further
arterial testing and referral.6,7,10

Referral to a vascular surgeon is required to deter-
mine whether surgical intervention is needed to
improve the vascular supply. Primary indications for
revascularization include disabling claudication, critical
limb ischemia, rest pain or tissue loss (including 
ulceration) refractive to conservative therapy.6,8,10

Wound-related revascularization can be identified 
by the wound location and the artery preferentially
requiring the return of arterial supply.11 These wound

Introduction
Foot pathology related to diabetes is complex, debili-
tating and costly to our healthcare system. The most
frequent underlying etiologies are neuropathy, trauma,
deformity, high plantar pressures and peripheral 
arterial disease (PAD).
There is consistent evidence that early identification

and aggressive management of people with diabetes—
through an integrated, multidisciplinary approach—
can prevent problems becoming exacerbated and reduce 

the incidence of amputation. Treatment should always be
patient-centred, and goals should include prompt lesion
healing, preventing recurrence and quality of life factors.
Surgical management of diabetic foot ulcers can 

be either preventive or curative, depending upon the
nature of the defect. This paper reviews the surgical 
procedures most often performed for foot pathologies
resulting from diabetes, namely revascularization, 
surgical offloading and amputation. 
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TABLE 1 

Wound-related revascularization11

Location Artery that should be 
of wound preferentially revascularized

Heel Peroneal or posterior tibial 

Plantar foot Posterior tibial 

Lateral ankle Peroneal 

Dorsal foot Anterior tibial 



locations and arteries can be identified by the angio-
somes (anatomic areas and artery source) in Table 1.
This may be helpful to clinicians treating wounds in
people with PAD and an ischemic foot (i.e. a foot with
impaired arterial blood flow).11

Endovascular interventions require determining the
evidence, stage and extent of disease, as well under-
standing the expected benefits and risks related to
these interventions.6,10,12 The most common surgical
interventions include arterial bypass and percutaneous
transluminal angioplasty.6,10,12 These are described in
Table 2. 
People with diabetes and PAD often have an altered

distribution of lower-extremity disease, with severe arte-
rial occlusive disease below the knee in the runoff ves-
sels (collateral circulation). As this worsens, the success
of percutaneous intervention declines.4 Generally, percu-
taneous transluminal angioplasty with or without stenting

is preferred for patients with focal disease and restorable
runoff, while surgery (arterial bypass) is preferred for
patients with diffuse disease and poor runoff.4,6,12

Outcomes following arterial surgery are becoming
increasingly positive as techniques are refined.13–15

Some limbs cannot be revascularized due to the 
lack of a target vessel, the unavailability of autogenous
vein or irreversible gangrene beyond the midfoot
(Figure 1).12 In addition, those in poor general health
may be at high risk of death if major revascularization
is attempted. In these situations, a choice must be
made between primary amputation and prolonged
medical therapy.6,10,12

Conservative therapy for limbs with a questionable
arterial supply or those that cannot be revascularized
includes pain management, avoidance of further tissue
damage and infection, avoidance of sharp debridement
and moist wound healing, and the use of broad-spec-
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TABLE 2 

Comparison of revascularization procedures for peripheral arterial disease6,10,12

Arterial bypass Percutaneous transluminal angioplasty

Surgical definition An open surgical procedure where Endovascular: a small percutaneous incision 
a graft or new blood vessel is bypassed is made in the groin. The procedure  
around an area of narrowing or blockage os completed inside the artery using a

catheter and interventional radiology
A healthy vein or synthetic material is 
used as a graft May involve:

• angioplasty—a balloon-tipped catheter 
is inflated and deflated, pressing plaque
against the artery wall and opening a 
narrowed area;
• atherectomy—a tiny blade, laser or rotating
burr is inserted through the catheter to
remove plaques; or 
• stenting—a mesh tube is placed into the
vessel, using a catheter to reperfuse vessel

Expected benefit Revascularization of all lesions Focal disease (stenosis of larger, more 
proximal vessels) and improved 
claudication symptoms

Common arteries Popliteal Iliac
Tibial Femoral

Durability Greater durability Long-term efficacy uncertain

Risks Association with morbidity, mortality Restenosis, lower-limb salvage rates in 
and graft occlusion is higher for people people with diabetes, rupture of artery, 
with diabetes bleeding, blood clots, heart or lung

complications, kidney problems, loss 
Other problems may include bleeding, of toe or foot and death 
blood clots, infection, heart or lung 
complications, kidney problems and 
loss of the toe or foot



trum antiseptics.16,17 In people with diabetes and
advanced PAD, close collaboration is required between
the patient, his/her family and caregivers, and the wound
care practitioner, physician and vascular surgeon.6,10,16

People with diabetes and PAD
require careful and ongoing mon-
itoring to identify arterial changes
in the progression of PAD that
place a limb at risk for amputa-
tion.6,12 Risk factor modification
(lowering of blood pressure, cho-
lesterol and blood glucose levels,
smoking cessation and exercise),
regular foot care and avoidance of
foot injury are necessary to pre-
vent and manage PAD.6,10,17,18

Referral to a vascular surgeon for
evaluation of the arterial supply
should not be delayed when an
arterial impairment is identified.12

Surgical interventions may be
necessary to improve the arterial
supply, and outcomes are improv-
ing for those with diabetes and
PAD.10,12

Surgical offloading
Deformity, peripheral neuropathy and trauma often
lead to foot ulceration.19,20 Structural alterations in the
foot resulting from deformity lead to high plantar foot
pressures and increased dorsal, medial or lateral pres-

sure on the foot. This can consequently place the foot
at risk for ulceration.20

Surgical correction of problematic deformities may
prevent ulcers from occurring and help to heal those

that are present.19 Conversely, the
disadvantages of surgical offload-
ing include a risk of complica-
tions, including postoperative
wound infection, induction of
acute neuro-osteoarthropathy
and development of ulcers at
other sites. Such risks can be
minimized through careful patient
selection and a thorough evalua-
tion of comorbidities. Table 3 out-
lines the American Diabetes
Association’s risk classification
system.21

Sharp surgical debridement
Sharp surgical debridement has
multiple advantages, including
appropriate evaluation of the
wound bed, penetration of topical

agents, changing the wound stage from a chronic to
acute wound and reducing plantar pressure.22

Patients with foot ulcers with an adequate blood sup-
ply can undergo sharp surgical debridement of devital-
ized and necrotic tissue at the bedside. The procedure
is quick, cost effective and painless (because of the
presence of neuropathy). However, clinicians must
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A person with diabetes and PAD presenting
with significant necrotic 1 and 2 digits. This
person was not a candidate for revascular-
ization because of ill health.

FIGURE 1

TABLE 3 

Risk classification system of the Task Force of the Foot Care Interest Group of the 
American Diabetes Association21

Risk category Definition Treatment recommendations Suggested follow-up

0 No LOPS, no PAD, Consider patient education on foot care, including Annually (by generalist and/ 
no deformity information on appropriate footwear or specialist)

1 LOPS ± deformity Consider prescriptive or accommodative footwear Every 3–6 months
(by generalist or specialist)

Consider prophylactic surgery if deformity is not able 
to be safely accommodated in shoes

Continue patient education

2 PAD ± LOPS Consider the use of accommodative footwear Every 2–3 months
(by generalist or specialist)

Consider a vascular consultation for combined follow-up

3 History of ulcer Consider patient education on foot care Every 1–2 months 
or amputation (by specialist)

Consider vascular consultation for combined follow-up 
if PAD present

LOPS = loss of protective sensation; PAD = peripheral arterial disease



Même après un débridement  
mécanique ou chirurgical, le processus 

inflammatoire peut continuer de générer  
des débris cellulaires microscopiques

The Continuous, Active Micro-Debrider

Even after sharp or surgical  
debridement, inflammatory  
processes can continue  
to generate  
microscopic cellular debris
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   Supports natural healing

DESCRIPTION: ®

Clostridium histolyticum

CLINICAL PHARMACOLOGY: ®

INDICATIONS: ®

CONTRAINDICATIONS:

WARNINGS: 

PRECAUTIONS:

®

ADVERSE REACTIONS:

®

SYMPTOMS AND TREATMENT OF OVERDOSE: Symptoms:
®

Treatment: ®

DOSAGE AND ADMINISTRATION: ®

(1)

(2) 

®

(3) ®

(4)

(5)
(6) ®

HOW SUPPLIED: 

A  D F B  C O M PA N Y 

 1-800-441-8227

Favorise la guérison naturelle

DESCRIPTION : ®

Clostridium histolyticum

PHARMACOLOGIE CLINIQUE : ®

INDICATIONS : ®

CONTRE-INDICATIONS :

MISE EN GARDE :

PRÉCAUTIONS:

®

EFFETS SECONDAIRES :

®

SYMPTÔMES ET TRAITEMENT DU SURDOSAGE: Symptômes: 
®

Traitement : ®

POSOLOGIE ET ADMINISTRATION : ®

( 1 )

( 2 ) 

®

( 3 ) ®

( 4 )

( 5 )
( 6 ) ®

PRÉSENTATION :

U N E  C O M PA G N I E  D E  D F B 

 1-800-441-8227
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ensure they have adequate training to perform this 
procedure, and that the procedure falls within their
scope of practice.

Achilles tendon lengthening
People with diabetes undergo structural changes in 
the Achilles tendons. These lead to changes in the
function of tendons that may contribute to limited 
dorsiflexion/plantar flexion in the ankle joints. This is
called ankle equinus.23,24 Limited
range of motion in the ankle
joints may result in early heel rise
and prolonged and excessive
weight-bearing stress under the
metatarsal heads, leading to
increased forefoot pressure.25,26

Others have suggested that the
relationship between ankle equi-
nus (dorsiflexion <5 degrees)
and forefoot plantar pedal pres-
sure is significant, but that ankle
equinus plays only a limited role
in causing forefoot pressure.27,28

Proponents of ankle equinus as
a major factor in forefoot ulcera-
tion have shown that Achilles 
tendon lengthening to treat
recurrent forefoot ulcerations
increases the range of motion of
the ankle joint from 0 to 9
degrees,27 consequently reducing
forefoot pressure. However, after
7 months—when plantar flex-
or/muscle power returns to pre-
operative levels, while range of
motion in the ankle joint remains
at the post-treatment level—plan-
tar pressure returns to the level
preoperatively recorded.29,30

Achilles tendon lengthening for
the treatment of neuropathic
ulcers causes a temporary reduc-
tion in forefoot pressure associat-
ed with changes in plantar flexor
power, rather than ankle motion during gait; thus, it
appears that the reduction in forefoot pressure is 
associated with changes in plantar flexor muscle
power rather than ankle motion during gait. In addi-
tion, a study by Maluf et al. showed that by increasing
range of motion in the ankle joint, rear foot pressure
remained permanently increased while forefoot 
pressure was only temporarily decreased.30 This may
lead to a significant complication (i.e. increased risk of

heel ulceration), which has been recorded in 15% of
patients treated with Achilles tendon lengthening.29 Thus,
there are strong arguments against tendon Achilles
lengthening for the treatment of forefoot foot ulcers.

Digital surgery
Digital surgery (hammer-toe correction, bunionec-
tomy) can reduce bony prominences and ensure 
a better fit between footwear and the foot, 

thus preventing ulceration. Such
offloading procedures have 
the greatest benefit in young,
healthy, complication-free (i.e.
without vascular disease or neu-
ropathy) people with diabetes.31

In older patients with dimin-
ished general health, the risk of
complications from the surgery
may outweigh the benefits.32

Percutaneous flexor tenotomy
for claw-toe deformity
Claw-toe deformities are com-
mon in those who have had 
diabetes for more than 10
years.33 Claw toe is defined as
hyperextension of the metatar-
sophalangeal joint and flexion 
of the interphalangeal joint. 
This deformity may cause ulcer-
ation at the tip of the toe due 
to pressure, or at the dorsum of
the proximal interphalangeal
joint from rubbing against
footwear.34 Percutaneous flexor
tenotomy may be performed 
to release the long flexor tendon
of the toe (Figure 2).35

A retrospective study from 1
Canadian hospital demonstrat-
ed complete healing of all
ulcerations and correction of the
deformity with percutaneous
flexor tenotomy.36 Of the 34

toes reviewed, all had apical ulcers and 3 were com-
plicated by osteomyelitis. Most ulcers healed within 
3 weeks of percutaneous flexor tenotomy and 
those with osteomyelitis healed within an average 
of 8 weeks. There were no significant complications
and the average length of follow-up was 13 months.
Percutaneous flexor tenotomy can be considered an
effective method for the management of claw-toe
deformity and ulceration.36

Percutaneous flexor tenotomy. (A) Claw
toe with apical ulceration. (B) Performing
percutaneous flexor tenotomy. (C)
Complete healing of the apical ulcer (3
weeks post-operatively).

FIGURE 2

A

C

B
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Silicone injections 
A randomized controlled trial injected silicone into 
diabetic feet at the metatarsal heads to increase tissue
thickness and decrease peak plantar pressure.
Although this proved effective in the short term, at
24-month follow up the tissue thickness area and
plantar pressure had returned to pre-injection levels.37

Charcot foot
Surgical reconstruction of the
Charcot foot is extremely valu-
able for patients with recurrent
ulceration (with or without
infection), severe instability or
severe deformities that cannot
be managed with footwear or
braces.20,38 The goal of this sur-
gery is to stabilize and align
the foot, thereby allowing
patients to wear shoes and
braces.20 However, the risk of
adverse events is high.
Charcot foot surgeries can

be challenging and have frequent complications.
Proper patient selection is important for limb salvage.20

Achilles tendon lengthening 
with plantar exostectomy
A chronic Charcot neuroarthropathy commonly repre-
sents as a rocker-bottom foot, in which the midfoot
bones of the arch collapse and subsequently weight
bear in areas that are unaccustomed to the high pres-
sures. By combining Achilles tendon lengthening with
removal of the bony prominences, a plantigrade foot
with reduced plantar foot pressures may be 
produced.20,38 A stable foot structure is necessary for
this procedure.

Arthrodesis
Arthrodesis is a process of bony fusion that is carried
out after ulcerations have healed.
The choice of internal or external fixation depends on

the quality of the bone.20,39

Amputation
The major indications for therapeutic amputation are

trauma, ischemia, malignan-
cy and infection.40 In chronic
wound situations, intractable
pain and patient choice
weigh heavily in the decision
to proceed with amputation
once limb salvage options
have been exhausted.
Surgical removal of portions
of a foot or a total below-
the-knee amputation may
be required when best prac-
tice wound therapy is unable
to close a foot wound. In
these cases, minor amputa-

tions may be perceived as victories, as the tissue
damage requiring removal will have been restricted.41

The surgical goal of amputation is to obtain a balance
between wound healing and a functional limb. As with
all limb salvage techniques, the arterial supply is direct-
ly associated with postoperative outcomes.42 Adequate
viable soft tissue coverage of the surgical wound is
imperative to protect and cushion during eventual
mobilization of the residual limb. As increasing
amounts of the foot are removed, there is a corre-
sponding increase in plantar pressures and instability
due to altered biomechanics. These must be support-
ed with appropriate foot wear and customized orthotics
(Figure 3). 

A transmetatarsal amputation demonstrates
pressure distribution issues that can often occur
if supportive orthotic devices are not fitted
appropriately.

FIGURE 3

Common amputations of the foot.

Syme’s

Trans metatarsal

Chopart
Lisfranc Toe

FIGURE 4



Although preoperative planning is essential for ampu-
tations, the exact level of amputation may be dictated
intraoperatively due to sinus tracts, necrotic or infected
tissue and skin flap bleeding. Common amputation 
levels are shown in Figure 4 and Table 4. Lisfranc and

Chopart amputations have minimal if any functional
benefits over Syme’s amputation, despite preserving
more of the foot,43 and frequently result in recurrent
ulcerations; in general, these are avoided. Syme’s
amputation is suitable for patients with diabetes; 
however, below-the-knee amputation is often favoured
due to greater prosthetic options. 
Most patients with diabetes and partial foot amputa-

tions require foot orthotics at a minimum to prevent
further complications. Postoperatively, higher-level
amputations are optimally coupled with preprosthetic
rehabilitation planning.
The partial loss of a lower limb represents a major

change in a person’s life, but patients should be encour-
aged to approach amputation as the beginning of a new
phase of life and not as the culmination of previous
treatment failures.44 Pain relief and the removal of a
nonfunctional limb may greatly enhance quality of life.

Conclusion
As a component of care, surgery provides an effective
method of addressing diabetic foot complications to
offload, revascularize, manage infection and, ultimately,
improve the quality of life for people with diabetes. 
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TABLE 4 

“Amputation cascade” of the foot

Level of Bony structures involved 
amputation

Toe(s) Part or all of the phalanges

Ray(s) All of the phalanges and 
part or all of the respective
metatarsal

Transmetatarsal Through all of the metatarsals

Lisfranc Disarticulation at the 
tarsometatarsal joints

Chopart Disarticulation through 
the talonavicular and 
calcaneocuboid joints

Syme’s Disarticulation of the talus and
tibia/fibula, with retention of
the calcaneal fat pad
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