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Abstract
Diabetic foot and ankle reconstruction is a difficult area of surgery in which to achieve ideal outcomes. The goal for a majority of
cases in this surgical field is to achieve a plantigrade foot that can function throughout the gait cycle in shoes with or without a brace.
There are multiple biomechanical, biochemical, neurological, vascular, infectious, and social factors that can influence the likelihood
of achieving those goals. The effect of the Achilles’ tendon on the gait cycle, through its effects on joint function, is the greatest
determinant of non-rigid deformity in diabetic feet. In order to improve the chance of a desired outcome, the Achilles tendon should
be assessed for any possible pathologies. For many patients, the addition of the simple technique of a percutaneous Achilles’ tendon
release to a surgical case is powerful enough to address multiple biomechanical issues and prevent below-knee amputations.

Introduction
The goal of reconstructive foot and surgery for diabetic
foot pathologies is to create a plantigrade foot that is
braceable and has low risk of ulcer formation or recurrence.
Experienced surgeons are cognizant that foot pathologies
are defined in three planes: frontal, transverse and sagittal.
The Achilles’ tendon is the chief deforming force in the
foot along the sagittal plane [1]. For example, to improve
the sagittal plane component in patients with Charcot
joint disease midfoot collapse, surgeons will choose to
combine their osteotomy and arthrodesis techniques
with lengthening of the Achilles’ tendon [2]. In patients
with significant contractures in the Achilles’ tendon, the
ankle joint cannot proceed beyond ninety degrees, i.e.
beyond parallel from the ground [3]. The forefoot must
clear the ground in order for the gait cycle to proceed
beyond forefoot loading and will utilize the subtalar joint
to increase the amount of dorsiflexion the foot can achieve
[4]. The abnormal utilization of the subtalar joint places
significant strain on intrinsic structures within the foot,
from the spring ligament to the plantar fascia.
There is a significant risk of complications in diabetic
foot and ankle reconstructive surgery [5]. There is a fivefold increase in post-operative infection risk in diabetic
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patients versus non-diabetic patients in foot and ankle
surgery [6]. Based on review of the relevant literature,
reducing the contracture of the Achilles’ tendon that was
the pathophysiological basis for the diabetic foot ulcer and
osteomyelitis reduces the risk of recurrence and improves
the functional outcome of the transmetatarsal amputation
[7].

Achilles’ Tendon Structure, Function and
Examination
Anatomically, the Achilles’ tendon is formed from
the conjoining of aponeurotic fibers from both the
gastrocnemius and the soleus muscles [8]. The
gastrocnemius originates proximal to the knee joint
at the posterior femur, whereas the soleus originates
distally to the knee joint at the proximal tibia and fibula
[9]. Classically, the Silfverskiöld test is an exam utilized
to differentiate the contribution from each muscle toward
the clinically observed ankle equinus contractures [10].
The patient is placed in a supine or seated position. The
surgeon then manipulates the foot to observe the position
of the talar head at maximum foot pronation and maximum
supination. During pronation, the talar head should be
more prominent medially, as the talo-navicular joint
becomes less congruous. During supination the talar head
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will be lateral to the midline of the foot. The palpability
of the talar head as the foot moves from pronation
to supination corresponds with the movement of the
subtalar joint during the gait cycle. The surgeon will then
manipulate the foot so there is equal absence of a palpable
talar head, i.e. when the talus is the most congruous at the
talonavicular joint. This position is considered to be the
“neutral position” of the talus during the gait cycle11. The
surgeon should note the midline of the foot, the second
metatarsal ray, is typically now in line with the talus and
the anterior tibial crest. The foot is then dorsiflexed at the
level of the ankle joint to its maximum range of motion,
first with the knee extended and then with the knee flexed.
Figure 1 demonstrates proper technique in performing the
Silfverskiöld test, with emphasis on using two hands.

a

b

Figure 1: Silfverskiöld exam. (a) Exam with knee
flexed. Care was taken to ensure the talus, tibia and
second ray of the foot are all in alignment. (b) Exam with
knee extended. In this patient, there was symmetrical
sufficient ankle dorsiflexion, with the knee flexed and
extended.
During knee flexion, the gastrocnemius reduces its
influence on the pull of the Achilles’ tendon. During knee
extension, both the gastrocnemius and soleus affect the
tension of the Achilles’ tendon. Therefore, a patient is
considered to have a gastrocnemius-dominant ankle
equinus contracture with increased neutral position ankle
dorsiflexion during knee flexion and soleus-dominant
ankle equinus with decreased neutral ankle dorsiflexion
with knee flexion. If there is reduced capacity for ankle
dorsiflexion range of motion with the knee both extended
and flexed, the patient is diagnosed with combined
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gastrocnemius-soleus equinus. The purpose of this exam
is to differentiate to the surgeon whether or not an isolated
gastrocnemius surgery is sufficient to address the patient’s
ankle equinus, or to utilize a procedure that affects the
combined contribution from both muscles. There is debate
in the literature as to the actual numerical value in degrees
of dorsiflexion beyond the foot perpendicular to the long
axis of the tibia [3].
The limitation of ankle dorsiflexion caused by ankle
equinus results in triplanar deformity. In the sagittal
plane, the talus becomes more plantarflexed. In the
transverse plane, the metatarsals become more abducted.
In the frontal plane, the calcaneus becomes more everted.
In patients with adult-onset flexible flatfoot deformities,
the medial longitudinal arch collapses and the resultant
position abnormalities are all related to the effect of
prolonged contracture in the Achilles’ tendon [12].
The diabetic foot patient often presents with
osteomyelitis of the first proximal phalanx and often
the pathophysiology originates from ankle equinus. In
the majority of diabetic first proximal phalanx plantar
ulcers, there is an underlying hallux valgus deformity. The
international working group on the diabetic foot (IWGDF)
recommends in their consensus documents removal of the
base of the proximal phalanx for these patients [13]. This
technique originally was written by Keller and was used for
the treatment of hallux valgus, a traditionally non-diabetes
related condition [14]. The cause of the hallux valgus was
increased adduction of the first metatarsal at the level
of the metatarsal-cuneiform joint. The adduction was
promoted by strengthening the pull strength of the tibialis
anterior muscle relative to the peroneus longus muscle, as
they both insert into the foot at the plantar aspect of the
metatarsal-cuneiform joint. The advantage of the tibialis
anterior was caused in this setting by an increase in the
tendon tension via reduction in the medial longitudinal
arch height during weightbearing [15]. The reduced
medial arch height is caused by increased plantarflexion
of the talus as well as the eversion of the calcaneus. To
reduce the risk of recurrence of forefoot ulcers in these
patients, therefore, the precipitating pathophysiological
factor of the Achilles’ tendon equinus contracture must
be addressed [16]. If not, then the continued pull of the
Achilles’ tendon will promote progression of the hallux
valgus deformity that caused the ulcer.

Ankle Equinus in Foot and Ankle Trauma
The Achilles’ tendon is the chief deforming force in the
foot through its ability to forcibly plantarflex the foot
during inappropriate moments in the gait cycle. It can
also promote forced plantarflexion during trauma cases
as well. The Achilles’ tendon vector of force begins at its
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insertion in the retrocalcaneal area. The pulling action of
the tendon forces the calcaneus to plantarflex as well as the
talus to adduct, plantarflex and evert via compensation at
the subtalar joint [17]. The malposition of the calcaneus
and the talus will cause multiple comorbidities in trauma
cases [18].
Pilon fractures are high injury traumatic injuries resulting
from the talus being driven into the tibia by ground
reactive forces. The goal of surgical reduction of the tibial
pilon fracture is to bring any associated fibula shortening
to length, restoring the epiphyseal fragments of the distal
tibia and restore continuity between the tibia diaphysis,
metaphysis and epiphysis [19]. As this is a high-energy
event, the risk of post-traumatic osteoarthritis of the ankle
joint is high [20]. Lengthening procedures that allow for
increased ankle joint range of motion can reduce the risk
of post-traumatic arthritis and increase the likelihood of
success with treatment via ankle arthrodesis [21].

Addressing the Achilles Tendon with use
of Transmetatarsal Amputation
History of previous lower extremity amputation is one
of the strongest risk factors for progression to belowknee amputation [22]. Therefore, consideration towards
improving the outcomes of transmetatarsal amputations
are essential to prevent this outcome. Non-surgical
approaches with accommodative shoe gear that reduces
forefoot stress and strain can reduce post-transmetatarsal
amputation risk of progress to below-knee amputation.

a

b

Figure 2: Percutaneous Achilles’ tendon lengthening for
forefoot ulcers following transmetatarsal amputation.
(a) Represents the foot at day 0, (b) is the patient’s
foot at day 21 following the tendon lengthening. In
this figure, the post-tendon procedure protocol was
immediate weightbearing in a short-leg CAM walker and
daily dressing change with only dry sterile dressing to
the wound.
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The utilization of percutaneous Achilles’ tendon
lengthening as an adjunct procedure to transmetatarsal
amputation reduces the risk of re-ulceration to the forefoot
[23]. By reducing forefoot pressure through decreased
Achilles’ tendon action, surgeons can reduce the initial
pathophysiological mechanism of injury that precluded the
transmetatarsal amputation to address a diabetic forefoot
wound [7]. Figure 2 demonstrates a clinical exam utilizing
percutaneous Achilles’ tendon lengthening to address
a forefoot ulcer recurrence following a transmetatarsal
amputation.

Surgical Approaches to Equinus
Many different surgical approaches for correction of
equinus deformity have been described. In a broadview,
there are two procedures to address the posterior musculotendinous complex: gastrocnemius recession and Achilles’
tendon lengthening. These operative releases improve
contracture based on degree and etiology of the equinus
deformity. These procedures often are categorized into
anatomic approaches of the triceps surae tendoachilles
complex and have been further described in open,
endoscopic, and percutaneous techniques. Appropriate
selection of procedure requires thorough physical
examination of the patient to elucidate the underlying
etiology and degree of deformity, as well as evaluation of
patient profile. The influence of the gastrocnemius-soleus
complex is determined with use of the Silfverskiöld test
to differentiate the presence of isolated gastrocnemius
contracture.
Gastrocnemius recessions have been described in various
anatomic regions of the posterior calf. They commonly
share a goal with release of the gastrocnemius tendon to
functionally improve or restore normal length allowing
for dorsiflexion of the ankle with the knee extended. The
proximal most procedure includes fasciotomy of the medial
head of the gastrocnemius muscle, awareness of muscular
innervation should be considered in this procedure. The
intramuscular lengthening of the gastrocnemius muscle
in the proximal portion of the calf is performed through
a medial approach between the soleus and gastrocnemius
muscles which truly isolates the lengthening of the
gastrocnemius muscle only (Baumann procedure), care
should be taken to avoid the saphenous vein. A superficial
gastrocnemius-soleus recession including intramuscular
lengthening of the soleus has also been described. This
includes a chevron inverted V cut (Vulpius procedure)
or tongue-in-groove U cut (Baker procedure) into
the conjoined tendon with the groove portion located
proximally. The distal gastrocnemius tenotomy performed
approximately 3 cm proximal to the gastrocnemius-soleus
aponeurosis has been described, where the plane between
the gastrocnemius and soleus have been separated,
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followed by transverse sectioning of the gastrocnemius
aponeurosis allowing for the gastrocnemius tendon to
retract proximally and then sutured to the soleus muscle
and intact fascia (Strayer procedure) [24].
Open release of just the aponeurosis of the gastrocnemius
muscle which avoids the tendon has also been described
[25]. The complication rates vary depending on study:
open gastrocnemius recession have been reported to range
from 0-38%, and endoscopic gastrocnemius recession have
been reported from 0-12.7% [26]. Open gastrocnemius
recessions are known to often report higher incidence of
infection, dehiscence, neurovascular compromise and
cosmetic outcome leading to patient dissatisfaction. A
new and promising minimally invasive approach has been
described that utilizes ultrasound guidance, eliminating
many potential complications, only reporting incidence of
hematoma/seroma [27].

Authors Preferred Surgical Approach:
The Modified Percutaneous Triple Hoke
Hemi-section of the Achilles’ Tendon
The authors’ preferred method is a modified percutaneous
triple Hoke hemi-section of the Achilles’ tendon. This
method has the benefits of decreased intraoperative time,
relative ease of procedure, minimization of complications,
reduced patient recovery time, and high effectiveness on
biomechanical influence and resultant pathologies.
Studies have demonstrated that the percutaneous triple
Hoke hemi-section when compared with traditional
open Z lengthening approach has approximately onethird of intraoperative time, fewer complications, and
no statistically significant differences in therapeutic
effect versus open techniques [28]. This method helps to
maintain muscle strength and preserve function relative to
traditional open Achilles’ tendon lengthening procedures
and minimizes risk of over lengthening. The percutaneous
minimally invasive approach is less traumatic and ideal
in the populations of diabetics who are susceptible to
infections and those with underlying components of
peripheral arterial disease.
Surgical criterion must be considered and met, as with
any other surgical procedure inappropriate selection of
procedure can lead to less than ideal results. The patient
is placed on the operative room table with placement of
a well-padded pneumatic thigh tourniquet. The patient is
then placed in a prone or modified rolled lateral hip (frog
leg) position to maximize surgical view of posterior leg,
ankle, and foot positioning. Next, topographic anatomic
landmarks are drawn including the medial and lateral
border and insertion in the calcaneus. Utilizing aseptic
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technique, the lower extremity is scrubbed, prepared
and draped. Next, the decision for placement of initial
hemi-section of tendon at insertion of tendon must be
considered. Calcaneal positioning must be considered as
the biomechanical influence can be exaggerated as a result.
If the heel is in varus positioning and further correction
of this deformity is not being addressed with additional
surgical correction, the first and third cuts are placed on
the medial side. When in valgus positioning, the first and
third cuts are placed on the lateral sides. The procedure
consists of three alternating hemi-incisions (through one
half of the tendon), the distal most is made approximately
2.5 cm from the calcaneal insertion, traversing from the
center of the tendon to its border. Care is taken to deepen
the blade through the tendinous layer only, avoiding
surrounding neurovascular and tendon. Adequate
sectioning of the tendon is evaluated both visually and
manually. The proximal most incision is made just below
the musculotendinous junction in the same direction
as first. The last hemi-section incision is approximated
between the prior incisions and is directed in an alternate
manner from center to border. The effect of hemi-section
release on ankle dorsiflexion is evaluated intraoperatively
with each cut. If optimal dorsiflexion is not obtained,
conversion to an open procedure should be considered.
The surgical sites are copiously irrigated with normal
saline solution. This site may be left open and allow for
granulation to occur, however it is the author’s preference
to primarily close the cutaneous layer with a non-reactive
suture. Dry sterile dressing is then applied, and the patient
should be immobilized postoperatively, held in a neutral
position with either a splinting or CAM walker boot for a
three to four period with an aim for early weightbearing.

Possible Complications in
Addressing Ankle Equinus

Surgically

Caution must be used to protect and avoid inadvertent
injury to surrounding neurovascular structures in all
procedures addressing ankle equinus deformity. The sural
nerve is a sensory nerve that is formed by the terminal
branches of the common fibular and tibial nerves. This
structure merits extra precaution due to high anatomic
variation as this may be located either deep or superficial to
the fascia of the calves, 57.5% and 42.5% respectively [29].
If the result of the Silfverskiöld test reveals Achilles’ tendon
tightness, a radiograph should be considered to eliminate
possibility of bony block and pseudoequinus. Once these
possibilities are ruled out, further consideration of Achilles’
tendon lengthening is recommended. Overcorrection and
under-correction may lead to undesired biomechanical
influence and poor outcome, and therefore should be
avoided. Intraoperative evaluation is imperative for ideal
outcome.
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Conclusion
The influence of ankle equinus should be considered
when evaluating foot deformities or plantar ulcerations.
Routine screenings for ankle equinus should be performed
on physical examination with focus to identify underlying
etiology and degree of deformity. Early provisional
treatment including conservative methods (including
strengthening and stretching exercises) as well as surgical
intervention may help prevent worsening symptomatic
pathologies.
Addressing equinus by means of lengthening on the
gastrocnemius-soleus-Achilles’ tendon complex in a
patient with ankle equinus has influence on biomechanical
and pathologic factors and is essential for optimal outcome
with complex foot deformities and diabetic foot ulcerations.
Complications of these procedures include pain with range
of motion, weakness of flexors/ toe off, difficulty utilizing
stairs, incision complications, recurrence of equinus
deformity and rarely, rupture of the Achilles’ tendon.
Universal standardization in defining the pathologic
condition of ankle equinus as well as standardization
of measurement methods may perhaps better elucidate
prevalence and provide a consensus in understanding
of this condition. Variations may be present in use of
goniometer relative to anatomic landmarks and amount of
torque applied to obtain measurements, which currently
may differ from physicians. This is relevant to both the
clinical and surgical setting. It has been reported that
most reports of the ankle equinus are observational and
anecdotal [30].
More research is needed to reveal further potential
benefits of surgically addressing ankle equinus. Our review
of literature elucidated that more high-level studies are
needed. Future well designed research studies with large
participants may provide insight into efficacy and potential
preventative benefits of these procedures.
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