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Abstract

Objective: The purpose of this study was to systematically review the literature regarding the use of hamstring tendon (HT) autograft
for extensor hallucis longus (EHL) reconstruction.

Methods: A systematic search for studies addressing the use of HT autograft for reconstruction of nonrepairable EHL tendon injuries
was performed in December 2021. The databases searched include Embase, Medline, Europe PMC, Cochrane, and Scopus. Predetermi-
ned inclusion and exclusion criteria were implemented, and appropriate studies were selected for review.

Results: The database search resulted in one study that met the inclusion and exclusion criteria. Three additional studies met inclusion
and exclusion criteria after screening the references of the selected study. A total of four studies were included in the final review.
Clinical presentation, surgical technique, postoperative rehabilitation, clinical follow-up, and outcomes were recorded. All four studies
reported single cases of EHL tendon reconstruction using a semitendinosus autograft with satisfactory clinical results and no compli-
cations. Patients may experience a five degrees decrease in range of motion or minimal decrease in hallux extension strength; however,
all patients were asymptomatic and reported no limitations.

Conclusion: Four case reports regarding EHL tendon reconstruction were reviewed and demonstrated using a semitendinosus auto-
graft as a viable option with favorable outcomes and no complications.

Level of Evidence 1V; Systematic Review
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muscles, such as the tibialis anterior, can also perform these
functions.

Introduction

The extensor hallucis longus (EHL) muscle originates along
the anterior fibula, travels distally under the extensor retina-
culum of the ankle, and courses superficially along the dorsal

The overall incidence of EHL rupture has not been well-de-
fined. Anzel et al.® reviewed 1,014 cases of various muscle

foot where the distal tendon inserts on the base of the distal
phalanx of the hallux®. The primary function of the EHL is
the extension of the hallux interphalangeal (IP) joint, and it
works with the extensor hallucis brevis (EHB) to extend the
metatarsophalangeal (MP) joint. In addition, it contributes to
dorsiflexion of the ankle and inversion of the foot, but other
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and tendon injuries, noting 16 cases (1.5%) were injuries to
the toes extensors. Open laceration is the most commonly
described injury mechanism for EHL tendon injury®; howe-
ver, closed traumatic rupture“®, attritional rupture®, and ia-
trogenic injury have also been reported’. In addition, a higher
prevalence of EHL pathology has been observed in martial
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art practitioners compared to the general population®. When
patients present with an acute tendon rupture, surgical treat-
ment is indicated in the acute setting with direct end-to-end
primary repair of the tendon®™. These patients have favora-
ble outcomes with restoring function and returning to their
previous activity levels®27 Nonoperative treatment can be
considered in ruptures distal to the extensor expansion, pa-
tients with limited activity levels, or patients with medical
comorbidities precluding operative intervention®®,

Some patients may present to a medical provider in a de-
layed fashion with a chronic injury, which cannot undergo
direct repair secondary to tendon retraction and scar tissue
formation®”®_ For this situation, local tendon transfers or
tendon reconstruction procedures using allograft or auto-
graft have been described®'®-2, The use of hamstring ten-
don (HT) autograft has been reported for various foot and
ankle reconstruction surgeries with minimal donor site mor-
bidity®®. The purpose of this study is to perform a systematic
literature review regarding EHL tendon reconstruction using
HT autograft.

Methods
Database search

A systematic literature search was performed in December
2021 to evaluate the use of HT autograft for EHL reconstruc-
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Figure 1. Flow chart of literature search and study selection pro-
cedure.

Table 1. Details of the selected studies included in the review

Mechanism of

tion. The search was conducted in the following databases:
Embase, Medline, Europe PMC, Cochrane, Scopus, and Scielo.
The search terms used include ((ankle) OR (foot)) AND (au-
tograft) AND (hamstring) AND (tendon reconstruction) NOT
(ligament).

Study selection criteria

After performing the database search, duplicate articles
were eliminated. The remaining studies were reviewed to be
considered in the systematic review. Inclusion criteria were
the use of an HT autograft for EHL reconstruction. For this
study, the gracilis tendon and semitendinosus tendon were
considered. The exclusion criteria include EHL reconstruction
with grafts other than HT autograft, use of the HT autograft
in other tendons reconstruction, use of HT autograft for li-
gament reconstruction, absence of the surgical technique
description, and articles not available in the authors’ primary
language. Additionally, the references of the selected studies
were screened and included in the final review if inclusion and
exclusion criteria were met.

Study review

The selected studies were reviewed. Patient clinical pre-
sentation, surgical technique, postoperative protocol, clinical
follow-up, and outcomes were recorded.

Results
Study selection

After performing the described database search, 194 articles
were identified for review (Figure 1). Sixty-four were duplica-
tes, remaining 130 unique studies for review. After applying
the inclusion and exclusion criteria, a single study was selec-
ted for full-text analysis. The references from this study were
reviewed, and four additional studies were identified for fur-
ther analysis. Among the additional studies, one full-text was
unable to be obtained, and the study was excluded®®, For the
final review, four studies were included (Table 1)¢71724:30)

Follow-up

Author Year Age Sex . Chronicity Outcome
Injury (months)
Park et al. 2003 15 Male Taekwondo 1 year of symptoms, 6 Slightly decreased
Inability to extend hallux for 2 weeks extension strength
Normal range of motion
Tuncer et al. 2010 40 Male latrogenic 4 months after ankle arthroscopy, 12 No symptoms
6 weeks after acute rupture
Lohrer et al. 2012 32 Female Sprinting, 3 years of symptoms, 19 Full Strength
Roller Skating 6 previous surgeries for EHL tenosynovitis Limited flexion of 5°
Kwapisz 2017 18 Male Kickboxing 2 years of symptoms, 8 Minimal limitation of
et al. extension strength

Inability to extend hallux for 10 months

Limited extension of 5°
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Regarding the study where the full-text article could not be
obtained, the abstract was reviewed. The abstract describes
a case report regarding a 61-year-old female who presented
with a chronic EHL tendon laceration that failed a previous
repair and subsequently underwent tendon reconstruction
using a gracilis tendon autograft and IP joint arthrodesis®®.
No surgical technique description, patient follow-up, or pos-
toperative outcomes were available for review. Thus, this stu-
dy was excluded from the final review.

Clinical Presentations

The studies selected for review include four case reports
describing using a semitendinosus autograft for EHL recons-
truction. Park et al.?® reported a case of a 15-year-old male
who experienced three or four episodes of a painful pop in his
foot over one year and presented with an inability to extend
his hallux for two weeks. Examination revealed an inability to
extend the IP joint of the hallux with associated flexion de-
formity, but passive range of motion (ROM) was preserved.
Ultrasound imaging showed multifocal partial ruptures of the
EHL tendon with associated tendon thickening and increased
fluid within the tendon sheath.

Tuncer et al.?” described a case of iatrogenic injury to the
EHL in a 40-year-old male submitted to arthroscopic debri-
dement for early degeneration of the tibiotalar joint where
the anterior joint capsule was breeched using a radiofrequen-
cy probe and the extensor tendons were exposed, but no
tendon injury was noted. The patient experienced a painful
pop in the anterior ankle ten weeks postoperatively. Clinical
examination revealed an inability to extend the first three
toes. Rupture of the EHL, second, and third extensor digi-
torum longus (EDL) tendons was diagnosed. The diagnosis
was confirmed with magnetic resonance imaging (MRI). The
patient initially deferred surgical treatment, but he ultimately
underwent EHL reconstruction with a semitendinosus graft
and direct repair of the EDL tendons six weeks later.

Lohrer and Nauck.®® presented a case of a 32-year-old fe-
male who was a former world champion in roller skating with
a history of six prior surgeries in the previous three years for
EHL tenosynovitis. The patient experienced a painful pop in
the foot when sprinting two days before evaluation. Physical
examination revealed a flexion deformity of the hallux, an ina-
bility to extend the IP joint of the hallux, and normal passive
ROM. No advanced imaging was reported for further evalua-
tion of the injury.

Kwapisz et al.t"” reported a case of an 18-year-old male ki-
ckboxer who experienced two years of pain over the dorsum
of his foot and ten months of inability to extend the hallux.
Exam revealed an inability to extend the IP joint of the hallux
and weakness with extension at the MP joint. Normal passive
ROM was observed. The diagnosis of EHL tendon rupture was
confirmed with ultrasound and MRI.

Surgical Technique

Three authors described using a two-incision technique to
isolate the EHL tendon stumps®?439, while Kwapisz et al.”
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did not describe the incisions used. In general, a longitudinal
incision over the dorsal aspect of the hallux IP joint is used
to identify the distal stump of the EHL tendon. The second
incision is used to identify the proximal stump of the EHL
tendon and is based on the proximal aspect of the anterior
ankle to expose the extensor retinaculum and associated ten-
dons. Once the tendon stumps were identified proximally and
distally, areas of obvious nonviable and degenerative tendons
were debrided®”. A description of semitendinosus autograft
harvest was not reported in any of the studies.

After identification of the tendon stumps, the semitendino-
sus autograft was passed between the two incisions for re-
construction. Kwapisz et al./” established tension of the EHL
tendon reconstruction with the ankle in a neutral position and
the hallux joints in dorsiflexion, then performed an end-to-
-end suturing technique for graft fixation distally and circum-
ferential repair to the stump proximally. Lohrer and Nauck.G®
defined the tension of the tendon reconstruction with both
the ankle and hallux held in dorsiflexion. Distal fixation of the
HT autograft was performed using a transosseous technique
at the hallux’s distal phalanx, and proximal fixation was per-
formed with a side-to-side anastomosis to the proximal EHL
stump. In addition, the position of the hallux IP joint was held
with temporary Kirschner wire fixation that was removed at
four weeks postoperatively. The remaining two studies did
not provide details regarding setting tension of the recons-
truction, and both opted to perform the Pulvertaft suture
technique proximally and distally for fixation™2%.

In our practice, a single longitudinal incision over the an-
terior ankle and dorsal aspect of the foot is performed to
evaluate the entirety of the tendon and identify the zone of
injury (Figures 2A and 2B). Next, tendon stumps are isolated
and held within the surgical field using hypodermic needles
while the ankle and first MP joint are held in maximal dorsi-
flexion, and the nonviable tissue is debrided (Figures 2C and
2D). Once debridement was completed, a braided absorbable
suture was placed in a continuous locking loop configuration
in both the proximal and distal stumps to bridge the resulting
tendon gap (Figures 3A and 3B). The harvested semitendino-
sus tendon autograft is prepared in a triple-bundle fashion to
increase the maximal load of graft failure. The prepared graft
is then used to reconstruct the EHL using a Pulvertaft tech-
nique for fixation into the proximal and distal tendon stumps
(Figures 3C and 3D).

Post-Operative Protocol

Two studies used a short leg splint for postoperative im-
mobilization?2®. In addition to the splint, Park et al.?® used
a hook over the nail of the hallux, which was attached to a
rubber string fixed to the upper portion of the ankle to allow
passive extension and limit tension across the reconstruction.
Tuncer et al.””? immobilized the patient in a neutral position
in a short leg splint with the ankle and toes. Kwapisz et al.¢”
used a short leg cast for immobilization with plantar support
beneath the hallux. Lohrer and Nauck®® also used a short leg
cast fitted with plantar support beneath the hallux but also
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Figure 2. (A) Incision on the anterior ankle and dorsal aspect

of the foot showing the diseasedextensor hallux longus (EHL).
(B) Further exposure of the EHL tendon to identify the extent of
pathology. (C) Viable tendon is identified proximally and distally
and pinned in place using hypodermic needles with the ankle and
first metatarsophalangeal joint in maximal dorsiflexion. The viable
tendon is held in maximum tension, which also demonstrates the
redundancy and poor quality of the chronic EHL tendon injury.
(D) Nonviable tissue is debrided and the tendon stumps are seen
with the resulting tendon gap.

used a hallux suspension sling and temporary Kirschner wire
fixed across the hallux IP joint to maintain a dorsiflexed po-
sition.

Park et al.?® allowed for passive extension and active fle-
xion of the hallux within the splint during the first six weeks,
then transitioned to active extension and flexion exercises

Figure 3. (A and B) Suture bridge between the proximal and dis-
(C and D)
Fixation of the autograft in the tendon defect and final recons-

tal stumps creating a pathway to put the autograft.

truction.
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out of the splint. Kwapisz et al./” transitioned patients out of
the cast into a boot with plantar support postoperatively for
six weeks while remaining non-weight bearing. Passive ROM
was initiated at three weeks. Active ROM and free ambulation
were allowed starting in the seventh week. Tuncer et al.” also
allowed for passive ROM at three weeks in a removable splint
and transitioned to active extension at 12 weeks postoperati-
vely. Lohrer and Nauck®® restricted weight-bearing for seven
weeks, and the patient was transitioned to a walking boot
with a 30-degree plantar wedge for the hallux. The wedge
was weaned and removed at 14 weeks postoperatively. A
night splint was utilized until five months, jogging was
allowed at seven months, and release to full sports was
achieved at nine months postoperatively.

Follow-up and outcomes

Park et al.®® reported the shortest follow-up period of six
months. The patient was doing well, with no discomfort
during activities. Examination revealed normal ROM and a
slight decrease in extension strength compared to the con-
tralateral side.

Kwapisz et al.® reported eight months of follow-up where
the patient had full function without pain. Examination reve-
aled minimal limitation in extension strength and five degrees
of limited extension at the MP joint compared to ROM of
the contralateral side. In addition, a dynamic ultrasound was
obtained that showed smooth gliding of the reconstructed
EHL tendon, and pedobarography revealed symmetric pres-
sure distributions.

Lohrer and Nauck®® reported 19 months of follow-up where
the patient had postoperative improvement in Foot Func-
tion Index and American Orthopedic Foot and Ankle Socie-
ty Hallux metatarsophalangeal-interphalangeal joint scores
when compared to preoperative state. Examination demons-
trated full strength and five degrees of limited plantar flexion.

Tuncer et al.” reported the absence of any symptoms at one
year of follow-up, but no postoperative examination was re-
ported.

Discussion

While there appears to be a consensus regarding treating
acute EHL tendon rupture with direct primary repair, there
is limited evidence regarding the best method for the treat-
ment of nonrepairable EHL tendon injuries®™. The current
study performed a systematic literature review and presented
four cases of EHL tendon reconstruction using a semitendi-
nosus autograft. All patients are reported to have satisfac-
tory outcome with no complications. However, there may be
a minimal decrease in hallux extension strength or a decrease
in overall ROM of approximately five degrees(243%, These fin-
dings may not be clinically relevant as each patient reported
no symptoms or limitations.

Indications for pursuing an EHL reconstruction have not
been established. When possible, direct end-to-end primary
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repair of an acute EHL tendon rupture yields satisfactory re-
sults®271» However, chronic rupture of greater than six weeks
may result in tendon retraction and scar tissue formation®©™®,
In addition, patients with antecedent symptoms before rup-
ture or previous failed primary repair may require extensive
tendon debridement during the surgical intervention17.2529.30),
These historical factors may indicate an injury resulting in a
large tendon gap that cannot be directly repaired. Clinical
examination of an EHL tendon rupture will often demonstra-
te a lack of extension at the IP joint of the hallux with an
associated flexion deformity and normal passive ROM. Plain
radiographs should be obtained to exclude the possibility of
an osseous avulsion injury. Further evaluation with advanced
imaging, such as ultrasound or MRI can be used to confirm
the rupture, evaluate for concomitant injuries, define the size
of the tendon gap, and evaluate the quality of the tissue that
remains24,

When indicated, an HT autograft for EHL reconstruction
appears to be a viable treatment option. The major disadvan-
tage of using an autograft for tendon reconstruction is donor
site morbidity. Cody et al.?® demonstrated minimal donor site
morbidity when using HT autograft for various foot and ankle
reconstructive procedures. Also, many autograft choices are
available and have been described for EHL reconstruction,
including the EDL®%», EHB®®, extensor hallucis capsularis®?,
split peroneal longus®®, and palmaris tendons'. It is unknown
what the best choice for EHL reconstruction is, but some ar-
gue that the semitendinosus autograft better matches the
caliber of the EHL tendon and provides substantial length to
reconstruct large defects™724,

In addition to autograft EHL reconstruction, the allograft
is another treatment option. EHL reconstruction using a
tensor fascia lata allograft in combination with IP joint ar-
throdesis has been reported and resulted in weakness with
minimal active extension of the hallux at ten months®®. The
major advantages of allograft reconstruction are the abili-
ty to avoid donor site morbidity and reduce surgical times.
The possible disadvantages of allograft include limited graft
availability, increased costs, immunologic reaction to the
graft, sterilization process affecting graft integrity, and risk
of disease transmission®-34,

If tendon reconstruction is not desired or unable to be per-
formed, a tendon transfer or side-to-side tenodesis to the nei-
ghboring EDL tendon has been described for treating nonre-
pairable EHL injuries®®2129 Tendon transfers most commonly
use the EDL tendon®2®, but a transfer of the peroneus tertius
has also been reported®. These procedures can be used rou-
tinely but may be particularly useful in scenarios where the
proximal tendon stump cannot be identified for reconstruc-
tion. In addition, some small tendon defects may be amena-
ble to lengthening the healthy EHL tendon stump to bridge
the defect for repair®>, similar to techniques described for
tibialis anterior ruptures®®. However, this repair may require
augmentation with additional material, such as an acellular
dermal scaffold?. Lastly, IP joint arthrodesis may have a role
in treating nonrepairable EHL injuries, but there is a lack of
evidence regarding indications and outcomes of this proce-
dure for nonrepairable EHL injuries(7:262930,
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Regarding tendon fixation strategies, it is important to dis-
tinguish the need for a direct tendon repair versus a tendon
reconstruction procedure. A direct tendon repair is often per-
formed as an end-to-end repair as there is minimal tendon
retraction resulting in acceptable tension at the repair site;
however, increased strength is often needed when performing
a tendon reconstruction with a graft such as side-to-side or
Pulvertaft weave techniques, which allows increased suture
fixation between the tendons®”. However, there is concern
that an increased suture can compromise the vascular supply
to the tendon and limit healing®®. Gabuza et al. compared the
Pulvertaft weave to the side-to-side technique and found that
the weave technique has greater resistance, which increases
with the number of weaves®®. Conversely, other investiga-
tions have found no difference between these two techniques,
while others have demonstrated greater repair strength with
the side-to-side method. Wagner et al.®®analyzed the strength
of various side-to-side tenorrhaphy configurations using
porcine flexor digitorum longus tendons and found a signi-
ficantly lower failure load with a vertical mattress configura-
tion compared to a running locked, eight simple, and pulley
suture configurations. While the Pulvertaft weave is our pre-
ferred method, a side-to-side repair is another viable option.

The decision between using a tendon transfer, tendon teno-
desis, reconstruction with autograft, or reconstruction with
allograft is controversial. However, if tendon reconstruction
is performed, the postoperative protocol and rehabilitation
are critical for optimization of outcomes. Initial use of plan-
tar support to prevent flexion of the hallux and limit tension
on the reconstruction is recommended. If immobilization is
prolonged, formation of adhesions and scar tissue may de-
velop. It results in limited tendon excursion, decreased ROM,

and possible need for tenolysis. To combat adhesion and scar
formation, rehabilitation principles from the upper extremity
have been adopted, including early passive ROM®“®, The use
of a dynamic splint for the hallux following EHL tendon re-
pair or reconstruction to provide an early passive extension
to prevent scarring and adhesions has been described2®,

The main limitation of the present study is the lack of data
available on this clinical topic. Only four case reports could
be obtained for evaluating EHL reconstruction using an HT
autograft. The differences in preoperative evaluation, surgical
technique, postoperative rehabilitation, and reporting of ou-
tcomes created a heterogeneous sample of patients making
it difficult to evaluate these reports collectively. In addition,
there are no comparison studies evaluating outcomes and
complications between the available procedures for a nonre-
pairable EHL injury. This limits our ability to make recommen-
dations regarding indications for the various treatment op-
tions or to assess treatment superiority. The major strength
of the study is the consolidation of the available case reports
regarding EHL reconstruction using HT autograft to evaluate
the efficacy of this treatment modality.

Conclusion

There is limited evidence to guide the treatment of non-
repairable EHL tendon ruptures. A systematic review was
performed to evaluate the use of HT autograft for EHL re-
construction. Four cases of EHL tendon reconstruction using
a semitendinosus autograft were reviewed, and it appears
to be a viable treatment with satisfactory outcomes and no
complications reported. Further investigation is needed to
determine the indications and efficacy of the various treat-
ment modalities for nonrepairable EHL injuries.
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