
Non-healing wounds of the foot 
and ankle commonly result 
from neuropathy and imbal-

anced biomechanical forces in the lower 
extremity. These wounds frequently occur 
in patients with diabetes. A lack of sen-
sation over an increased area of pressure 
may lead to extended microtrauma, tissue 
breakdown and an eventual ulceration or 
wound. With this in mind, let us take a 
closer look at the role tendon transfers 
may play in treating underlying pathology 
and facilitating complete healing.

Pressure imbalances within the foot, 
ankle and lower extremity in the neu-
ropathic population increase the risk for 
wound formation. Soft tissue structures, 
particularly tendons, have a powerful ef-
fect in altering the mechanics of the foot 
and ankle. Tendinous structures can gain 
a mechanical advantage and exacerbate 
pressure on bony structures. In many in-

stances, there is no bone associated with 
the direct cause of the wound, but instead, 
increased pressure on the bone causes the 
wound. In the neuropathic foot and ankle, 
the resultant repetitive trauma and build-
up of hyperkeratotic tissue subsequently 
increase the risk for developing wounds.1 

Neutralization and release or transfer 
of these tendinous structures allow for 
reduction of force to these pressure areas. 
The transfer of tendons can rebalance the 
pressures of the foot and serve as a tool 
for surgical offloading. In the forefoot, 
performing a tendon transfer can often 
offload pressure and correct deformity 
without the need for osseous procedures 
in the lesser digits and metatarsals. More 
proximally in the foot, surgeons may per-
form tendon transfers to rebalance and 
alter plantar pressures not only distally 
but in the midfoot as well. Tendon trans-
fers allow for pressure changes in multiple 

planes of a deformity and one can also 
combine these procedures with osseous 
procedures when necessary to augment 
offloading.2 

We subscribe to the philosophy of at-
tempting to leave remaining bone alone 
when possible to prevent the loss of cubic 
volume, preventing instability and thus 
maintaining stability about the anatomi-
cal site.

Key Concepts With Forefoot 
Tendon Transfers And Hammertoe 
Correction
Hammertoes are a common forefoot de-
formity caused by muscle/tendon imbal-
ance. A flexion contracture occurs at the 
proximal interphalangeal joint (PIPJ) and 
subsequently can cause hyperextension at 
the MPJ.3 These deformities place the pa-
tient at risk for wound formation dorsally 
at the PIPJ, distally at the distal interpha-
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langeal joint and at the tip of the digit. 
Retrograde forces of the digital contrac-
ture can cause increased plantar pressures 
at the metatarsal heads. Common elective 
forefoot procedures can help facilitate 
surgical offloading of these wounds. 

While there is a number of established 
hammertoe procedures recognized in 
the literature, in our experience, we have 
found tendon transfers and balancing the 
foot to be the most effective approach in 
the correction of hammertoe deformity. 
This enables surgeons to address the un-
derlying pathology, remove the deforming 
force and prevent reoccurrence. 

In a meta-analysis, Jules, Trepal and col-
leagues noted a 91.8 percent patient sat-
isfaction rate following a flexor tendon 
transfer for elective hammertoe correc-
tion.4 Tendon transfers allows neutraliza-
tion of deforming forces and anatomical 
reduction without loss of cubic volume of 
bone. The transfer also helps maintain the 
corrected position while allowing func-
tional toe purchase.2

Contracture of the MPJ is common 
with hammertoe deformity. The plantar 
plate is an important structure in stabiliz-
ing the lesser MPJs.5-7 Repetitive trauma 
causes attenuation of the plantar plate 
static structures, leading to destabilization 
at the level of the joint.8 Further weak-
ening and tear of the plantar plate leads 
to contracture at the joint level, causing 
increased pressure under the metatar-
sal head, making this a common area for 
wound formation at higher risk for am-
putation sequelae.9,10 

Extensor digitorum longus to exten-
sor digitorum brevis tendon transfers (a 
modification of the Hibbs procedure) al-
low indirect stabilization across the MPJ 
via reduction of the extensor tendon 
deforming forces. One often combines 
this procedure with a complete capsulot-
omy release of the joint contracture and 
a modified Hibbs transfer. As is the case 
with our aforementioned hammertoe 
correction, soft tissue augmentation alone 
allows for neutralization and stabilization 
of deforming forces without the need for 
osseous procedures. This approach also 
enables surgeons to maintain anatomical 
cubic volume of bone and length. One 
should note that these forefoot procedures 
commonly occur in conjunction with a 

stable first ray procedure when indicated 
and posterior muscle group lengthening 
when the patient has an equinus contrac-
ture.11-13

Pertinent Pearls With The Flexor 
Digitorum Longus Tendon Transfer
In regard to the flexor digitorum longus 
tendon transfer, the surgeon should make 
an approximately two cm, full-thickness 
direct medial incision along the toe and 
identify the flexor digitorum longus ten-
don without the need for undermining. 
Then one detaches the flexor digitorum 
longus tendon at the most distal aspect 
of the incision, freeing the tendon medi-
ally to the proximal aspect of the incision 
and temporarily clamping it with an Al-
lis clamp to preserve the integrity of the 
tendon.

Proceed to sharply release the attach-
ments of the flexor digitorum brevis ten-
don at the base of the intermediate pha-
lanx (both the medial and lateral insertions 
of the flexor digitorum brevis) and make 
a plantar capsulotomy at the level of the 
PIPJ and/or distal interphalangeal joint 
(DIPJ) (if a flexion contracture is present 

at the DIPJ). One can then reduce and 
extend the toe with manual reduction to 
allow release of any residual contracted 
structures in the PIPJ and/or DIPJ re-
spectively. This allows the surgeon to place 
the toe in a rectus position and insert an 
0.062 inch K-wire to stabilize the toe in 
a more anatomic position. With the toe in 
this corrected, stabilized position, one can 
then attach the flexor digitorum longus 
tendon to the extensor hood through the 
same incision under physiological tension. 
Surgeons can perform skin closure with 
their suture of choice but should pay care-
ful attention to avoid the neurovascular 
structures. 

What You Should Know About 
Performing The Extensor Digitorum 
Longus Tendon To Extensor 
Digitorum Brevis Tendon Transfer
The first step for this procedure is mak-
ing a full-thickness oblique incision from 
the head of the second metatarsal to the 
base of the fourth metatarsal. Then using 
a feathering technique into the subcu-
taneous tissue, one can expose both the 
extensor digitorum longus tendons and 

This preoperative clinical photograph demonstrates tendon contracture 
and hammertoe deformities of the lesser toes. This patient suffered from a 
combination of extensor recruitment/substitution and flexion contractures.
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extensor digitorum brevis tendons in a 
linear fashion along the course of these 
tendons. This will allow the surgeon to 
avoid disruption to the neurovascular 
structures. Employing a curved hemostat, 
the surgeon can subsequently expose and 
free the extensor digitorum longus ten-
don most proximally within the surgical 
wound and free the extensor digitorum 
brevis tendon most distally within the in-
cision. The surgeon then cuts the exten-
sor digitorum longus tendon at the most 
proximal portion of the incision. One 
would proceed to clamp the most proxi-
mal stump with a hemostat and the distal 
stump with an Allis clamp. The surgeon 
then cuts the extensor digitorum brevis 
tendon at the most distal aspect of the in-
cision and clamps it with an Allis clamp.

At this time, the surgeon performs a 
complete capsulotomy at the MPJ fol-
lowed by release of the plantar structures 
with a McGlamry elevator. Release of 
the contracture allows for reduction of 
the MPJ into a neutral position. Repeat 
as necessary to the other metatarsopha-
langeal joints. One would typically per-
form this release in combination with the 
flexor digitorum longus tendon transfer 
as we stated above. Once the surgeon has 
obtained the optimal position as we de-
scribed earlier, he or she places K-wires 
across the distal interphalangeal joints, the 
proximal interphalangeal joints and the 
MPJ, and into the base of the metatarsal 
for stabilization. 

The surgeon should then direct atten-
tion back to the most proximal portion 
of the distal stump of the extensor digi-
torum longus tendon. One makes a stab 
incision within the proximal aspect of the 
remaining distal extensor digitorum lon-
gus tendon, which is the portion that in-
serts into the toes. By inserting a vasecto-
my clamp within the proximal portion of 
the remaining extensor digitorum longus 
tendon, the surgeon can then obtain the 
extensor digitorum brevis distal portion 
of the proximal stump and weave it into 
the remaining distal extensor digitorum 
longus tendon.14 

This weave graft provides stability for a 
tenodesis that one can secure with poli-
glecaprone 25, (Monocryl®, Johnson & 
Johnson). Prior to this, the surgeon should 
employ K-wires to secure the position of 

the weave graft to allow for physiological 
tension of the tenodesis. 

Then one reroutes the proximal stumps 
of the previously cut second, third and 
fourth extensor digitorum longus tendons 
under the neurovascular structures, teno-
desing and suturing into the peroneus 
tertius or the periosteum of the midfoot 
with the ankle held at 90 degrees and the 
tendons under physiologic tension. This 
will aid the patient with ankle joint dor-
siflexion. Patients who have this pathol-
ogy consisting of extensor substitution/
recruitment commonly suffer from this 
biomechanical tendon imbalance, which 
in turn leads to the deformity. After clos-
ing subcutaneous tissue, the surgeon can 
proceed to close the skin.

In one applicable case, a patient had 
hammertoe deformities of the lesser dig-
its of the left foot and a pressure ulcer 
of the third toe (see photo on page 23). 
The flexion contracture was the under-
lying etiology to the hammertoes, result-
ing in increased pressure to the distal tip 
of the third digit. A bone biopsy revealed 
osteomyelitis. This patient suffered from 
a combination of extensor recruitment/
substitution and flexion contracture of the 
proximal and distal interphalangeal joints. 
After a six-week course of intravenous 
antibiotics and distal bone debridement of 
the distal phalanx, we performed tendon 
transfers of the second through fifth digits 
on the left foot. 

Following the removal of K-wire fixa-
tion of the lesser toes, post-op radiographs 
and clinical examination revealed no loss 
of cubic volume of bone or instability of 
the MPJ or interphalangeal joints. This 

patient exhibited postoperative toe pur-
chase to the ground in anatomic align-
ment and the permanent removal of the 
deforming force prevented the ulcer from 
reoccurring. This surgical reconstruction 
took place approximately 13 years ago 
and there has been no reoccurrence (see 
photo to the left).

Essential Aspects Of The Peroneus 
Longus Tendon To Peroneus Brevis 
Tendon Transfer
A primary function of the peroneus lon-
gus muscle is to plantarflex the first meta-
tarsal. When overdrive of the peroneus 
longus occurs, excessive pull by the ten-
don produces a plantarflexed deformity 
within the first metatarsal.2 This defor-
mity can eventually lead to ulceration un-
derneath the first metatarsal head due to 
increased plantar pressure. 

In regard to an accurate clinical diagno-
sis, one can apply one thumb underneath 
the first metatarsal head and the other 
thumb across the remaining metatarsal 
heads. Then ask the patient to plantarflex 
his or her foot toward your thumbs. With 
peroneus longus overdrive, you will feel 
more force underneath the first metatarsal 
head in comparison to the lesser meta-
tarsal heads.15 Essentially, the peroneus 
longus will plantarflex the first metatarsal 
head down, considerably out of line from 
the lesser metatarsals. Overactivity within 
the peroneus longus muscle is possibly 
to compensate for a weak gastrocsoleus 
complex with plantarflexion. Transfer-
ring of the peroneus longus tendon to 
the peroneus brevis tendon allows for the 
peroneus longus to continue to evert the 
foot but prevents independent, excessive 
plantar-flexion of the first metatarsal.2

In order to perform this tendon transfer, 
one should direct attention to the lateral 
aspect of the foot overlying the cuboid 
where the peroneal tendons are located. 
Making an approximately four cm inci-
sion, the surgeon carries the incision deep 
within the same plane, avoiding the sural 
nerve. At this point, both the peroneus 
longus and brevis tendons are exposed 
and isolated. Transect the peroneus lon-
gus tendon at its most distal aspect. One 
should then transect the proximal stump 
of the peroneus longus tendon as far distal 
and plantar as possible within the incision 

Here one can see a postoperative 
photograph after bone debridement of the  
third distal phalanx and tendon transfers 
of the second through fifth digits.



INNOVATION THAT 
WON’T BE IGNORED

What would you call a bioengineered living cellular product capable 
of transforming wounds from chronic to acute, backed by unmatched 
clinical evidence in healing stalled VLUs and DFUs?1-8

We call it Apligraf®—just like we have for more than 20 years. 
Take another, closer look at Apligraf.com.

Rediscover healing that 
remains ahead of its time.

Please see the Apligraf essential prescribing information 
and references on the next page.

©2020 Organogenesis Inc. OI-A1302. All rights reserved. Printed in U.S.A. 01/2020 
Apligraf is a registered trademark of Novartis.

15016-1_Organo_Apligraf_Q1-Q2 2020 Print Ad_HMP-Feb_KL.indd   1 1/15/20   2:42 PM



Apligraf®2 Essential Prescribing Information.

Visit www.apligraf.com for complete prescribing information and contraindications.
Numbers in parentheses ( ) refer to sections in the main part of the product labeling. Device Description: Apligraf is supplied as a living, bi-layered skin 
substitute manufactured from cells processed under aseptic conditions using neonatal foreskin-derived keratinocytes and fibroblasts with bovine Type 
I collagen. (1) Intended Use/Indications: Apligraf is indicated for use with standard therapeutic compression in the treatment of uninfected partial and/or 
full-thickness skin loss ulcers due to venous insufficiency of greater than 1 month duration and which have not adequately responded to conventional ulcer 
therapy. (2) Apligraf is indicated for use with standard diabetic foot ulcer care for the treatment of full-thickness foot ulcers of neuropathic etiology of at least 
three weeks duration, which have not adequately responded to conventional ulcer therapy and extend through the dermis but without tendon, muscle, capsule 
or bone exposure. (2) Contraindications: Apligraf is contraindicated for use on clinically infected wounds or in patients with known allergies to bovine collagen 
or with known hypersensitivity to the components of the Apligraf agarose shipping medium. (3, 4, 5, 8) Warnings and Precautions: If the expiration date or 
product pH (6.8-7.7) is not within the acceptable range DO NOT OPEN AND DO NOT USE the product. A clinical determination of wound infection should be 
made based on all of the signs and symptoms of infection. (4, 5) Adverse Events: All reported adverse events, which occurred at an incidence of greater 
than 1% in the clinical studies are listed in Table 1, Table 2 and Table 3. These tables list adverse events both attributed and not attributed to treatment. (6) 
Maintaining Device Effectiveness: Apligraf has been processed under aseptic conditions and should be handled observing sterile technique. It should be kept 
in its tray on the medium in the sealed bag under controlled temperature 68°F-73°F (20°C-23°C) until ready for use. Apligraf should be placed on the wound 
bed within 15 minutes of opening the package. Handling before application to the wound site should be minimal. If there is any question that Apligraf may be 
contaminated or compromised, it should not be used. Apligraf should not be used beyond the listed expiration date. (9) Use in Specific Populations: The 
safety and effectiveness of Apligraf have not been established in pregnant women, acute wounds, burns and ulcers caused by pressure. Patient Counseling 
Information: VLU patients should be counseled regarding the importance of complying with compression therapy or other treatment, which may be prescribed 
in conjunction with Apligraf. DFU patients should be counseled that Apligraf is used in combination with good ulcer care including a non-weight bearing regimen 
and optimal metabolic control and nutrition. Once an ulcer has healed, ulcer prevention practices should be implemented including regular visits to appropriate 
medical providers. Treatment of Diabetes: Apligraf does not address the underlying pathophysiology of neuropathic diabetic foot ulcers. Management of 
the patient’s diabetes should be according to standard medical practice. How Supplied: Apligraf is supplied sealed in a heavy gauge polyethylene bag with a 
10% CO2/air atmosphere and agarose nutrient medium. Each Apligraf is supplied ready for use and intended for application on a single patient. To maintain cell 
viability, Apligraf should be kept in the sealed bag at 68°F-73°F (20°C-23°C) until use. Apligraf is supplied as a circular disk approximately 75 mm in diameter and 
0.75 mm thick. (8) Patent Number: 5,536,656 Manufactured and distributed by: Organogenesis Inc. Canton, MA 02021 REV: December 2017 300-111-10

References: 1. Stone RC, et al. Sci Transl Med. 2017;9(371). doi:10.1126/scitranslmed.aaf8611 2. Apligraf [package insert]. Canton, MA: Organogenesis Inc; 2017.  
3. Marston WA, et al. Wound Repair Regen. 2014;22(3):334-340. 4. Treadwell T, et al. Adv Wound Care. 2018;7(3):69-76. 5. Sabolinski ML, et al. J Comp Eff Res. 
2018;7(8):797-805. 6. Veves A, et al. Diabetes Care. 2001;24(2):290-295. 7. Kirsner RS, et al. Wound Repair Regen. 2015;23(5):737-744. 8. Data on file. Organogenesis Inc. 

15016-1_Organo_Apligraf_Q1-Q2 2020 Print Ad_HMP-Feb_KL.indd   2 1/15/20   2:42 PM

Our business is to improve yours 
through interactive reimbursement 
scenarios focused on:

Learn expertise to improve your business...all  from the comfort of your own home or offi  ce.

Join us online for WCB Virtual, a challenging 1-day program fi lled with critical-thinking 
and problem-solving activities.

With reduced rates saving you up to $175, the 2020 meeting is an event you don’t want to miss!

6 Opportunities to Attend!

Learn More and Register at: 
WoundClinicBusiness.com

•  Pertinent new coding, coverage, and 
payment guidelines

•  How to avoid common 
reimbursement mistakes

•  Coordination of reimbursement 
across the continuum of care

AUGUST 12, 2020

AUGUST 20, 2020

AUGUST 26, 2020

SEPTEMBER 10, 2020

SEPTEMBER 16, 2020

SEPTEMBER 24, 2020

The Show Must Go Online

Sponsored by



 www.podiatrytoday.com • August 2020 • Podiatry Today®       27

Cover

site. The surgeon subsequently transfers 
the proximal stump of the peroneus lon-
gus tendon into the peroneus brevis ten-
don through a “weave graft technique” 
under physiologic tension and then per-
forms skin closure.16 The remaining pero-
neus longus tendon has many attachments 
at the first tarsometatarsal joint that assist 
in maintaining stability at this site.

In one case involving this type of ten-
don transfer, a patient demonstrated a 
forefoot ulcer under the first metatarsal 
head secondary to peroneus longus over-
drive (see left photo above). In this par-
ticular case, the peroneus longus overdrive 
was secondary to Charcot-Marie-Tooth 
disease. We performed a peroneus longus 
to peroneus brevis tendon transfer in the 
aforementioned manner. Postoperatively, 
the patient healed without incident and 
the procedure permanently removed the 
pressure from the site (see right photo 
above).

Current Considerations 
With The Split Anterior 
Tibialis Tendon Transfer 
As we previously stated, altered mechan-
ics of the foot leading to deformity can 
increase pressure on bony structures, 
eventually leading to ulceration. The most 
common lower extremity deformity fol-
lowing a traumatic brain injury is equin-
ovarus deformity of the foot.17 Often, 
patients will present with a wound on 
the lateral aspect of the foot secondary to 
malposition and increased pressure. The 
split anterior tibialis tendon transfer is a 
common procedure surgeons employ to 
treat equinovarus foot deformity in adult 
hemiplegic patients. 

To address the equinus aspect of the 
deformity, the surgeon should first direct 
attention toward lengthening the triceps 
surae. If ankle equinus is present with the 
knee in both flexion and extension, a Z-
lengthening of the calcaneal tendon is re-
quired. However, if ankle equinus is only 

present with the knee in extension, a gas-
trocnemius recession is the optimal choice. 

The next step of the procedure is the 
split anterior tibialis tendon transfer. After 
making a two cm incision at the level of 
the navicular bone at the distal insertion 
of the anterior tibialis tendon, proceed 
to make an incision within the anterior 
tibialis tendon and insert umbilical tape 
within the tendon. 

One subsequently makes an incision at 
the muscle-tendon junction of the ante-
rior tibial tendon, pulling the umbilical 
tape from distal to proximal and splitting 
the tendon up to the musculotendinous 
junction of the anterior tibial tendon. The 
surgeon then releases the lateral half of 
the tibialis anterior tendon from its bony 
insertion and pulls it out of the proximal 
incision site from distal to proximal with 
umbilical forceps. He or she then makes 
another incision at the dorsal lateral aspect 
of the foot. The surgeon must reduce the 
deformity and measure the new insertion 
location. Now one makes an approximate 
two cm incision down to the periosteum.  
Next, one inserts the umbilical forceps in 
the distal lateral incision site of the lower 
leg to obtain the lateral half of the ante-
rior tibial tendon. The surgeon then re-
duces the foot and ankle into a neutral 
position and transfers the lateral half of 
the anterior tibial tendon to insert into 

This preoperative clinical photograph shows a forefoot plantar first metatarsal 
ulcer secondary to peroneal longus overdrive that is secondary to Charcot-Marie-
Tooth disease.

This photograph shows the same 
patient’s foot after a peroneus longus 
tendon to peroneus brevis tendon 
transfer resulted in a healed wound.
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the dorsal lateral aspect of the midfoot 
under physiologic tension. This reduces 
the varus deformity. 

The surgeon may use his or her choice 
of anchor for the insertion of the trans-
ferred tendon to its new insertion site. 
One can use many options such as sutur-
ing to the periosteum, using a suture an-
chor or an interference screw.  The senior 
author prefers an interference screw for 
adequate tensioning. It is important for 
one to hold the foot in a neutral position 
in the frontal plane during fixation to pre-
vent resting varus and adjust the tendon 
transfer tension. The surgeon subsequent-
ly closes the three incision sites.18 

Another consideration is whether to 
transfer the tendon under or over the ex-
tensor retinaculum. There are advantages 
and disadvantage of both approaches that 
are beyond the scope of this discussion.

Addressing equinus is an important 
component when offloading any in-
creased plantar pressures in the foot. Gas-
trocnemius equinus is the most common 
cause of abnormal pronation, which one 
can easily alleviate through a gastrocne-
mius recession.2 As we stated earlier, a Z-
lengthening of the Achilles tendon may 
be required depending on the involve-
ment of the muscles of the triceps surae. 
Correcting for equinus will allow for a 
more even distribution of pressure on the 
foot, which will help eliminate the risk 
of neuropathic pressure ulcers and hyper-
keratotic lesions

In Conclusion 
Chronic mechanical dysfunction of the 
foot can lead to extensive foot deformity. 
In certain patient demographics, particu-
larly patients with neuropathy and diabe-
tes, the deformities can progress to severe 
ulcerations and lead to increased risk of 
morbidity and mortality. Through utiliz-
ing surgical techniques such as tendon 
transfers, the podiatric surgeon can cor-
rect and compensate for these mechanical 
abnormalities, providing the patient with 
a better quality of life and a decreased 
likelihood of ulcerations. n
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In this intraoperative photograph, a 
patient is undergoing a split tibialis 
anterior tendon transfer.


