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was running during flexion-extension of the ankle and inver-
sion of the foot, accomplishing the main function of the PTT,
whose strength was considered normal. Nevertheless, the pa-
tient presented a full range of motion of the ankle joint but a
limited, painful heel-rise test and subtalar motion. The patient
was initially diagnosed with a medial ankle sprain and treated
with a walking boot. Despite this initial treatment, symptoms
persisted during the following week.

Normal weight-bearing radiographs were obtained. Mag-
netic resonance imaging (MRI) showed a low-grade deltoid
ligament injury associated with detachment of the flexor re-
tinaculum and medial luxation of the posterior tibial tendon
(Figures 1 and 2), with moderate tenosynovitis and medial
malleolar bone bruise.

With the patient in the supine position under regional anes-
thesia, hip rotated externally, and ischemia induction using
a tourniquet, we performed a retromalleolar approach. We
identified the flexor retinaculum detachment from the medial
malleolus forming a false pouch with an intact PTT inside. Re-
location of the tendon to the retromalleolar sulcus was possi-
ble but unstable due to an insufficient retinaculum.

The surgery goal was to relocate the tendon, restore a com-
petent and functional flexor retinaculum, and deepen the
shallow retromalleolar groove to avoid a recurrent disloca-
tion. An approach similar to that applied in peroneal tendon
dislocations was used in this case: we weakened the anterior
wall of the sulcus by drilling it with increasing drill sizes. Then,
we impacted the retromalleolar groove surface to deepen

Figure 1. Axial MRI with the absence of the PTT in the retromal-
leolar groove associated with increased synovial fluid (orange ar-
row). Dislocated PTT location (green arrow).
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the groove and preserve the cartilage surface, allowing for a
smoother tendon mobilization®.

Finally, we reefed the remaining retinaculum using two an-
chors loaded with high-resistance sutures in the posterior
border of the tibia. A ‘pants-over-vest’ repair of the retinacu-
lum was performed to enhance the repair stability (Figures
3,4, and 5).

Partial weight-bearing assisted by two crutches was allowed
for one week. Antibiotic and venous thromboembolism pro-
phylaxis were indicated for three and 30 days, respectively,
and there were no complications or adverse outcomes.

After two weeks, stitches were removed, and rehabilitation
began with progressive removal of the boot at four weeks.

The patient was asymptomatic at the one-year follow-up
and after ten physiotherapy sessions. Clinical examination
showed no signs of PTT instability. He was able to return to
sports without contact at three months, satisfactorily taking
part in such activities without any restriction at four months.

Discussion

Traumatic PTT luxation has a very low incidence during me-
dial ankle sprain. Although clinical diagnosis is simple with

Figure 2. Coronal MRI of the ankle showing the PTT presence
(orange arrow) medial to the medial malleolus.
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Figure 3. After the medial ankle approach, we could see the PTT
dislocated out of the retromalleolar groove.

Figure 4. Placement of two 3.5 anchors on the medial tibial side

for retinaculum reattachment.

Figure 5. Retinaculum reefing after the PTT relocation into the
retromalleolar groove.

physical examination, it can be challenging due to the asso-
ciated inflammation and a low suspicion index@#9.

This injury rarely occurs as isolated lesions, being associated
with an ankle fracture or a sports-related trauma in 58.5% of
cases“®, It was first described by Martins in 1874, and there
are only a few case reports in the literature®. The complexity
of this pathology lies in the nonspecific symptoms of a typical
medial ankle sprain mechanism seen in the acute setting, with
53% of patients being misdiagnosed in the initial setting and a
mean time to surgery of 17.3 weeks®®, In a systematic review,
17 of 59 patients were initially treated for an ankle sprain, PTT
dysfunction, or tarsal tunnel syndrome, and the mean delay in
reaching the correct diagnosis was 4.4 + 6.1 months®.

Complications related to misdiagnosing and, thus, wrong
treatment are a PTT unable to properly resist hindfoot eversion
or a subtalar joint locking, directly leading to a dysfunctional
gait that alters the foot biomechanics, recurrent dislocation,
chronic pain, and poor functional results®. Also, a dislocated
PTT can get damaged, leading to a tendon rupture®.

Ouzounian et al.® reported seven patients with dislocation
of the PTT, where six of them did not reach the correct diag-
nosis until nine months after injury.

The most common mechanism of injury is an involuntary,
violent contraction of the PTT during dorsiflexion accompa-
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nied by a forced inversion of the ankle®®, Further, a relatively
flat retromalleolar groove may predispose to dislocation®.

Strydom classified these injuries into three categories: type
1 corresponds to an avulsion injury (most common and same
as our patient), type 2 is a retinacular tear, and type 3 is rela-
ted to a deficient retinacular tissue®.

We confirmed our diagnosis by MRI and ultrasound. Mag-
netic resonance imaging shows specific findings in 75% of
cases, compared to 14% of cases that could be detected by
radiography, the latter being useful only to rule out medial
malleolus fractures or avulsive lesions®. Ultrasound has 66%
of specificity and is highly recommended for being a dynamic
study that enables the elucidation of the non-anatomical po-
sition of the tendon through ankle mobilization®.

Although we attempted a conservative treatment, literature
has shown a very low success rate due to the obtainment of
an insufficient retinaculum that is unable to retain the PTT in
the retromalleolar groove. This is the main reason why the
great majority of these injuries require surgical treatment
(83%)®.

Albeit several surgical techniques have been described,
such as direct retinaculum repair, retinaculum reefing to the
periosteum with anchors or intraosseous sutures, groove de-
epening or augmentation techniques with inverted periosteal
flap, Achilles tendon flap, deltoid ligament flap, or sliding me-
dial malleolus osteotomy, among others®, there is no strong
agreement on which is the best alternative for treating the
luxation-options vary according to the state of the tendon,
retinaculum, and retromalleolar groove®. We chose to treat
the patient with the technique described above due to its
simplicity and reproducibility.

Matsui et al.®® reported a technique in which the pseudo-
pouch was closed with suture tape and anchors. It showed
beneficial results for cases of recurrent PTT dislocation,
achieving a rigid fixation and a low profile implantation, with
return to daily life and sports activities at 21 weeks.

In the presence of a partially torn and attenuated flexor re-
tinaculum, Mullens et al®, proposed a plate buttressing te-
chnique for the flexor retinaculum associated with the clo-
sure of the potential space between the retinaculum and the
periosteum@, They reported successful outcomes, with pa-
tients returning to preinjury levels of activity at one year. We
consider this procedure to be much more aggressive than the
one we offered to our patient, and that is the reason why it
takes one year for patients to return to unpainfully physical
activity, compared to four months as required by our patient.

Although the literature insists on long periods of immo-
bilization with controlled ankle motion by walking boot
or cast for approximately four weeks™®, we preferred early
weight-bearing and rehabilitation to avoid calf atrophy and
limited range of motion associated with ankle rigidity.

Limitations of this case report include its lack of generaliza-
bility and the danger of overinterpreting a single case, espe-
cially when it is a rare presentation of a common injury such
as an ankle sprain.

Conclusao

The strength of this report is that, through a safe, repro-
ducible, and reliable surgical technique of groove deepening
associated with anchor flexor retinaculum reconstruction, we
present a high-success solution to this unusual problem.

Medial ankle sprains require a systematic evaluation due to
the associated injuries that can be undiagnosed, such as inju-
ries of the retinaculum and posterior tibial dislocations.
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Case Report

Achilles tendon reconstruction using a
biosynthetic graft: a case report
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Nacime Salomao Barbachan Mansur'*'>, César de César Netto'
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Abstract

A 56-year-old male was admitted to an outpatient clinic five months after feeling a snap in his right heel while walking in the yard.
Clinical and imaging evaluation demonstrated a discontinuity of Achilles tendon (AT). The measured gap between the insertion and
the proximal stump was 13cm. The patient underwent reconstruction using a bio-absorbable synthetic graft associated with a Flexor
Hallucis Longus (FHL) transfer. Good functional outcomes were noted. Achilles tendon reconstruction with the biosynthetic flexible
band proved feasible for massive tendon defects by inserting a biological scaffold for native tendon healing, improving postoperative
recovery and strength.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Achilles tendon; Graft; Tendon injuries; Reconstruction; Rupture.

local conditions®. Ruptures smaller than 2cm can direct
tendon repair®.

Introduction

One of the definitions of a chronic Achilles Tendon (AT)
rupture is the delay in diagnosis or treatment of at least four
to six weeks after the initial event?®?,

For defects ranging from 2 to 5cm, tendon-lengthening pro-
cedures, with or without tendon transfer, are advised. Injuries
greater than 5cm may require a tendon transfer, with or without
a tendon-lengthening procedure. Patients with extensive
chronic tears and healthy muscles can present a unique chal-
lenge for the surgeon to fill the defect®.

Management of patients with chronic Achilles ruptures in-
volves both operative and nonoperative options. The choice
between these options should be made after considering the

patient’s overall health status, assessment of risk factors for The aim of the study was to report a chronic insertional

healing, and the patient’s level of activity®.

Surgical treatment aims to reestablish a stable connection
between the triceps and its insertion and secure a proper
tendon length and tensioning?#. Several technigues have
been described, depending on the size of the injury and the

AT rupture surgically treated with a bioabsorbable synthetic
graft to insert a biological scaffold for native tendon healing,
enhancing recovery and postoperative strength. The patient
was informed that data concerning the case would be submitted
for publication, and he provided consent.
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Case description

The study was approved by the Research Ethics Committee
of the institution and the patient signed the informed consent
form.

Preoperative evaluation

A 56-year-old male (BMI: 38.6Kg/m?, height: 185.4cm, limb
length: 42.1cm) was admitted to an outpatient clinic five
months after feeling a snap in his right heel while walking in
the yard.

The patient stated that the severity of pain, swelling, and
weakness is progressively aggravating, limiting his activities,
including golf. He denied any comorbidities or smoking. On
physical examination, the patient presented with intact skin.
There was moderate tenderness to palpation at mid-subs-
tance and insertion of the Achilles. A 4 out of 5 muscle
strength in plantar flexion was noted. Dorsiflexion, inversion,
and eversion had 5 out of 5 strength. The patient had a 15°
increase in passive dorsiflexion of the right ankle compared
to the left side. The double heel raise test was negative, and
the single heel raise was positive.

The radiograph and the whole blood clotting test demons-
trated a bone spur at Achilles insertion with no signs of avul-
sion (Figure 1 A-B). Magnetic resonance images (MRI) confir-
med the Achilles discontinuity at the insertion site, scar tissue
formation on the gap, and minor fatty infiltration of the
gastrocsoleus complex (Goutalier 1) (Figure 1 C-J).
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Surgical technique

The patient received general anesthesia, a popliteal block,
and was in supine position on the operating room table. No
tourniquet was used.

First, we proceeded with a 10cm long longitudinal incision,
starting 1lcm proximal to the plantar pad and running medially
and parallel to the trajectory of the residual AT.

The peritenon was incised in line with the residual AT that
was confirmed ruptured at its insertion and retracted. A sig-
nificant amount of scar tissue was filling the space of the old
AT. The few distal remaining fibers were severely degenera-
ted and were resected (Figure 2 A-B).

Achilles’ degenerations and calcifications were removed
with a sharp knife to the level of good tissue (pearly, shining,
organized fibers) (Figure 2 C). The measured gap between
the insertion and the proximal stump was 13 cm (Figure 2 D).

The Flexor Hallucis Longus (FHL) tendon and muscle belly
were found at the deep crural fascia and carefully dissected
(Figure 3A). A longitudinal 4 cm medial approach was then
performed just to the plantar aspect of the first metatarsal
base along the longitudinal arch of the foot. The FHL tendon
was identified and cut distal to Henry’s knot (Figure 3B) and
retrieved proximally in the posteromedial wound. The FHL
tendon was measured with a diameter of 5 mm, and its distal
stump was prepared (Figure 3C).

A guidewire for an interference screw in a central position
was then placed into the calcaneal tuberosity from dorsal to

Figure 1. Preoperative imaging assessment. Lateral radiograph (A) and sagittal weight-bearing computed tomography scan (B) de-

monstrated a bone spur at Achilles insertion with no signs of avulsion. Sagittal (C, D) and coronal (E-H) MRI confirmed the Achilles

discontinuity at the insertion site and scar tissue formation over the gap. Axial leg MRI showed minor fatty infiltration of the gastrosoleus

complex (Goutalier 1) (I, J).
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plantar at the Achilles insertion footprint (Figure 3D). Next,
a 5.5mm tunnel was drilled into the calcaneal tuberosity
(Figure 3E). Using the guidewire, the FHL tendon was inserted
into the calcaneal tuberosity and delivered into the plantar
aspect of the foot (Figure 3F).

While maintaining the foot in 30° of plantar flexion, the FHL
tendon transfer was tensioned distally into the plantar aspect
of the foot. A 5mm peek interference screw was inserted into
the calcaneal tuberosity tunnel from dorsal to plantar. Ade-
guate tensioning of the FHL tendon was maintained. Good
deformity correction with maintained plantar flexion of the
ankle joint was noted.

Two 2.9mm anchors were inserted medially and laterally
into the central tunnel. A 7mm x 32cm bio-absorbable syn-
thetic graft (Artelon™, Marietta, GA, USA) flex band was wea-
ved into the Achilles proximal stump with O Vicryl™ sutures
(Figure 4A). The construct was brought distally and sutured
to the FHL tendon using three interrupted horizontal mat-
tresses (Figure 4B). The biosynthetic graft was then su-
tured into the calcaneal tuberosity using the two anchors
while maintaining the foot into 30° of plantar flexion (Figu-
re 4 C-E). Tension was placed at the biosynthetic graft and
brought back proximally into the proximal stump of the AT.
Adequate ankle positioning, tensioning, and stability of the
entire construct were noted (Figure 5).

Achilles peritendon was sutured with 3-O Vicryl™, protec-
ted with a dehydrated human amnion/chorion membrane
allograft (Figure 6A-C).

Postoperative course

Prophylaxis for deep vein thrombosis was prescribed. The
patient remained non-weight-bearing with a cast in a 15°

plantar flexion position for two weeks. This was followed by
two weeks of using a walking boot when weight-bearing was
initiated. The rehabilitation program started six weeks after
the surgery, consisting of a range of motion gain and pro-
gressive resistance exercises while taking care to avoid dor-
siflexion stretching of the ankle above neutral until the 12t
week. The boot was discontinued after 12 weeks of surgery
when the patient progressed to a muscle training, balance,
and proprioception program.

No medical or surgical complications have occurred to date,
12 months after surgery (Figure 7A-D). Postoperative radio-
graphs showed the implant in a good position with no signs
of loosening or osteolysis (Figure 8A). After 12 months, the
MRI demonstrated complete healing of the biosynthetic graft
at the muscular and bone attachments. The FHL tendon was
also integrated, and its muscle hypertrophied (Figure 8 B-J).
Incisions were healed, plantar flexion strength was 5 of 5, and
the single heel raise test was positive. The ankle joint had 5°
of dorsiflexion and 40° of plantar flexion.

Patient-Reported Outcomes Measurement Information Sys-
tem (PROMIS) consistently demonstrated positive changes
in symptoms and function. PROMIS Global Physical Health
T-score increased from 42 to 54 at 12 months. The Foot Func-
tion Index (Activity Limitation Score) reduced from 100 to 21
points, while PROMIS Pain T-Score reduced from 71 to 53®.

Discussion

The treatment for chronic AT ruptures remains a challenge
for orthopedic surgeons. Several reconstructive strategies
are described to reestablish the muscle-tendon unit and avoid
potential complications®. We demonstrated a technique
that can minimize soft-tissue dissection and the morbidity of

Figure 2. Remaining degenerated proximal fibers were resected (A). Scar tissue filling the space distally of the native ruptured AT was

resected along with the plantaris (B). Achilles degenerations and calcifications were removed until good-quality tissue was found

(pearly and shiny organized fibers) (C). The distance measured between the insertion and the proximal stump was 13cm (D).
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Figure 3. The FHL tendon and muscle belly were carefully dissected (A). The FHL tendon was identified and cut distally to Henry’s knot
(B) and retrieved proximally in the posteromedial wound measuring 5mm in diameter (C). The guidewire for an interference screw was
placed centrally at the Achilles insertion footprint (D). The FHL tendon was inserted into the calcaneal tuberosity (E) and delivered to
the plantar surface of the foot (F) while a 5.5mm interference screw secured its tensioned position.

Figure 4. A flexible 7mm x 32cm bioabsorbable synthetic graft band (Artelon™, Marietta, GA, USA) was woven into the proximal stump
of Achilles with O Vicryl™ stitches (A). The construct was brought distally and sutured to the FHL tendon in tension with three interrup-
ted horizontal mattresses (B). The biosynthetic graft was inserted to the calcaneal tuberosity (C) using two 2.9mm anchors, keeping
the foot at 30° of plantar flexion (D). The remaining Artelon stump was then returned to the proximal Achilles native stump, where new

Vycril™ sutures were used to complete the construction (E).

J Foot Ankle. 2022;16(3):288-94 291
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Figure 5. Final appearance of the entire reconstruction with the
proper ankle positioning.

Figure 6. The Achilles peritendon was protected (A) with a dehy-

drated human amnion/chorion membrane allograft (B). The sub-
cutaneous tissue was closed with 3-0 Vicryl™ suture, and the skin
with 4-0 nylon sutures in horizontal mattress fashion (C).

292  J Foot Ankle. 2022;16(3):288-94

autograft harvesting while inserting a biological scaffold for
native tendon healing.

Choosing a treatment strategy historically relies on the
quality of the existing tendon, the gap size, muscle status,
and the surgeon’s comfort with each technique®. However,
treatment algorithms focus solely on defect size”®. Myer-
son” and Kuwada® developed two classification systems
based on the tendon gap with a therapeutic impact. In chro-
nic cases, the tendon gap corresponds to what remains after
the complete debridement of the fibrous tissue to the viable
ends of the tendon.

The primary goal of surgery is to restore proper length and
tension to the triceps surae with healthy tissue®. In patients
with chronic tears, tendon retraction, muscle atrophy, and
severe tissue degeneration present an extra challenge to
treatment, sometimes requiring augmentation with endoge-
nous or exogenous material®. Preliminary studies suggest
that tendon augmentation is an effective method to improve
the strength of the repaired tendon. Using autografts or bio-
logical scaffolds of an allogenic or xenogenic base could be
an option in this scenario®®,

While autografts are associated with donor-site morbidity,
there have been conflicting reports regarding the use of xe-
nogenic scaffolds®. In addition, there are multiple reports of
problems related to adverse reactions to this construction,
failing the primary surgery, and the potential for multiple
reoperations®®, Synthetic scaffolds have thus been deve-
loped to overcome the disadvantages of existing biological
scaffolds and to provide an alternative for tendon augmen-
tation. In our case, with 12 months postop outcome, we used
a flexible biocompatible, knitted mesh synthetic scaffold
band derived from poly (urethane urea)™.

In a biomechanical study, Giza et al.®” evaluated the strength
added to an AT repair reinforced with this biosynthetic
scaffold. The authors demonstrated superior mechanical
properties of the group that used synthetic augmentation
compared to the non-augmented group. The study argued
that the biosynthetic is thinner, has the potential for fibro-
blast ingrowth, and has improved handling characteristics
compared to a xenograft. Additionally, the graft has been
included to facilitate healing via internal cell growth, angio-
genesis, and neocollagenesis®.

Many authors advocate using a tendon transfer to protect
the healing Achilles, bringing vascularity to the region and
enhancing plantar flexion power®,

The FHL tendon is the most used donor for tendon trans-
fer due to its biomechanical strength, phase of action, and
line of pull™. Wapner et al.™ described transferring the FHL
tendon through a medial midfoot incision to the calcaneus,
anterior to the Achilles insertion, with satisfactory results.
Multiple techniques for fixation of the tendon to the calca-
neus are described, including using bone tunnels, suture
anchors, or an interference screw@®,

Martin et al./® observed that patients with chronic Achilles
tendinosis treated with complete excision of the AT (distal 4



to 6 cm from the tendon), transfer, and anastomosis of the
FLH tendon to the proximal stump of the AT, had a signi-
ficant reduction in the level of pain and improved function.
However, they had deficits in strength and range of motion
in plantar flexion.

Schweitzer et al./, in a literature review, found studies that
support the use of synthetic materials in cases of extensive
tearing because, according to these studies, the additional

Carvalho et al. Achilles tendon reconstruction using a biosynthetic graft: a case report

strength provided by the initial reconstruction may allow ear-
lier mobilization and a faster return to activity. However, there
are still minimal long-term data in the current literature on the
specific application of these materials in the foot and ankle®,

In addition, we must consider the costs of using these ma-
terials and concerns about using unabsorbable material in
a region prone to contracture and soft-tissue compromise,
wound formation, and infection.

Figure 7. Clinical images with 12 months follow-up. Posteromedial view of the right hindfoot (operated side) (A). Bilateral standing

posterior view (B). Posterior view with the patient in heel-raise position and with a right-side monopodal support (D).

Figure 8. Postoperative imaging assessment. The three months postoperative lateral radiograph (A) demonstrated good tunnel posi-

tion and no lysis. The MRI after 12 months depicted good gastrocnemius appearance and FHL muscle hypertrophy on axial views (B,

C, D). Tunnel and anchors positioning are also shown (E). Sagittal MRI demonstrates good healing on proximal and distal attachments

of the biosynthetic graft (F, H, J). FHL placement and its relationship with the reconstructed AT are also exhibited (G, I).
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We added FHL transfer anteriorly to the biosynthetic graft Conclusion
reconstruction in our technique to potentialize healing and
postoperative strength. There were no complications, and the

Achilles tendon reconstruction with the biosynthetic flexib-
le band proved feasible for massive tendon defects by inser-
patient presented a good recovery, showing good functional  ting a biological scaffold for native tendon healing, improving
results. postoperative recovery and strength.
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Case Report

Ankle desarthrodesis: report of three cases

Tiago Soares Baumfeld'>, Beatriz Marinho Guimaraes?

1. Hospital Felicio Rocho, Belo Horizonte, MG, Brazil.

2. Hospital Risoleta Tolentino Neves, Belo Horizonte, MG, Brazil.

3. Hospital Israelita Albert Einstein, S&o Paulo, SP, Brazil.

4. Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil.

, Caio Augusto de Souza Nery*'”, Daniel Soares Baumfeld*

Abstract

The good results of primary ankle arthroplasty and long-term dissatisfaction with arthrodesis have made arthrodesis, that is, the con-
version of an arthrodesis into arthroplasty, an option for patients with a painful ankle fusion. This study presents the results of three
patients submitted to ankle desarthrodesis in Brazil between 2019 and 2021. Two men and one woman, aged between 48 and 52 years
and with an arthrodesis-prosthetic interval between two and 30 years, presented satisfactory results after arthroplasty. Pain reduction
and increased functional capacity were observed, representing an improvement in the visual analog scale (VAS) between 5 and 6
points, range of motion (ROM) gain between 20° and 45° and progress in the American Orthopaedic Foot & Ankle Society (AOFAS)
score between 17 and 54 points in the postoperative follow-up. Although it is a procedure with a long learning curve, desarthrodesis
should be considered a therapeutic alternative to painful ankle arthrodesis.

Level of Evidence 1V; Case Series; Therapeutic Studies - investigating the results of treatment.

Keywords: Arthrodesis; Arthroplasty; Osteoarthritis; Ankle.

Introduction

Osteoarthrosis (OA) is a chronic, progressive and irrever-
sible disease associated with pain, mobility limitation, and
reduction in quality of life that affects 15% of the population
worldwide, totaling approximately 250 million people®™®,
Among these, the ankle represents 1% of the total cases. Unlike
the large joints of the lower limb, where the primary origin
is the main etiology®, the ankle is predominantly post-trau-
matic (78%), followed by other systemic secondary causes
(13%), such as rheumatoid arthritis and hemophilia. The pri-
mary etiology is rare and represents only 9% of the cases®®,

Due to the global increase of OA, among the ten leading
causes of disability in developed countries, and the repercus-
sion of using economic resources in health and absenteeism
at work®?”, great effort has been made to improve the treat-
ment of this disease. Previously considered the gold standard
for OA in advanced stages®, ankle arthrodesis is associated
with medium and long-term complications, especially arthro-
sis of adjacent joints, making total ankle arthroplasty (TAA)
an option highly indicated as primary treatment®®® and a
therapeutic alternative for cases of painful joint fusions.

Case descriptions

The study was approved by the institution’s ethics committee,
and all patients signed an informed consent form to be inclu-
ded in the study.

Three patients underwent conversion of painful tibiotarsal
arthrodesis into TAA with the Infinity implant (Wright Medi-
cal, Memphis, TN, USA), in Brazil, from 2019 to 2021.

Case 1. A 5l-year-old female patient diagnosed with unde-
termined inflammatory arthritis with polyarticular involve-
ment without other comorbidities. The patient presented
mixed pain (mechanical and inflammatory) and sporadic in-
capacitation for daily activities with decreased ankle range
of motion (ROM). Due to a traumatic fracture of the medial
malleolus, it evolved into severe ankle OA. The patient under-
went arthrodesis of the right ankle and then developed ankle
pseudarthrosis (sagittal alignment in neutral and coronal with
6° of valgus) and chronic pain. After three years, due to di-
sabling ankle pain, arthrodesis was converted to TAA with
satisfactory results: a 5-point reduction in the visual analog
scale (VAS) [interval: preoperative 8 to postoperative 3], a

Study performed at the Hospital Felicio Rocho, Belo Horizonte, MG, Brazil and
Hospital Israelita Albert Einstein, Sdo Paulo, SP, Brazil.
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gain of 45° in active ROM [interval: 15° of equine to 30° dorsi-
flexion], measured by closed kinetic chain goniometry by one
of the authors and an improvement of 54 points [interval: 18
to 72] in The American Orthopaedic Foot and Ankle Society
(AOFAS) score (Ankle-Hindfoot Score) after 12 months of
postoperative follow-up.

Case 2: 48-year-old male patient, obese (Body mass index
(BMI = 30)), with post-traumatic arthrosis due to bimalleo-
lar ankle fracture (medial and lateral malleolus). The patient
underwent tibiotarsal arthrodesis to treat chronic pain, a me-
chanical pattern of strong intensity and functional limitation
presenting poor postoperative evolution. However, consoli-
dation of the arthrodesis with good angular parameters and
radiographic consolidation was obtained. After five years of
conservative treatment failure using optimized analgesia,
physiotherapy, and orthopedic shoes, it was decided to con-
vert the tibiotarsal arthrodesis, performed 12 years ago, into
TAA and obtaining the following results: a 6-point reduction
in VAS [interval: 8 to 2], a gain of 20° in active ROM [interval:
0° to 20°], measured by closed kinetic chain goniometry by
one of the authors and an improvement of 52 points in the
AOFAS score [interval: 33 to 85] after nine months of posto-
perative follow-up (Figures 1, 2 and 3).

Case 3: A 52-year-old female patient with poliomyelitis in
the lower limb without other comorbidities, with 20 years
of evolution of panarthrodesis (tibiotarsal, subtalar, and ta-
lonavicular) that resulted in chronic ankle pain of mecha-
nical pattern and functional limitation. The tibiotarsal joint
showed no angular or rotational deviations. The alignment
of the hindfoot was 5° Then, the tibiotarsal arthrodesis,
performed 20 years ago, was converted into TAA, associa-

Figure 1. Case 2: Preoperative right ankle radiographs in ante-

roposterior (left) and lateral (right) view with consolidated ar-
throdesis and without angular deviations.
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ted with calcaneal valgus osteotomy and elongation of the
hook-type Achilles tendon (triple hemisection). Significant
postoperative improvement was observed with a 6-point
reduction in VAS [interval: 8 to 2], a gain of 20° in ROM
[range: 0° to 20°], measured by closed kinetic chain go-
niometry by one of the authors and an improvement of 17
points in the AOFAS score [interval: 48 to 65] after eight
months of postoperative follow-up (Table 1).

"".‘.'-Kr.-—nm
Figure 2. Case 2: Postoperative right ankle radiographs in ante-
roposterior (left) and lateral (right) views where TAA is observed
with adequate component positioning and prophylactic malleolar
fixation.
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Figure 3. Case 2: Ectoscopy with maximum ROM obtained after
six months postoperatively.



VAS

Etiology
Pre-op
F 51 Inflammatory 8
M 48 Post-traumatic 8
F 52 Secondary to poliomyelitis 8

Baumfeld et al. Ankle desarthrodesis: report of three cases

AOFAS ROM
Post-op Pre-op Post-op Pre-op Post-op
3 18 72 <15 30°
2 33 85 0° 20°
2 48 65 0° 20°

*VAS: Visual analog scale; AOFAS: American Orthopaedic Foot & Ankle Society; ROM: Range of motion

The three patients complained of mechanical ankle pain, with
no predominant symptoms in adjacent joints, and underwent
removal of the synthesis material and single-stage TAA via
anterior access to the ankle. In addition, prophylactic mal-
leolar fixation, bone cuts through the extramedullary guide,
and TAA with the Infinity implant (Wright Medical, Memphis,
TN, USA) was performed, as originally described in the lite-
rature®m,

The patients were submitted to the same postoperative
protocol with immobilization with a cast without support
and ROM training during the first four weeks, in which the
dressing was changed weekly. In the fourth week, the stitches
were removed, and the patients were referred to functional
rehabilitation with individualized physical therapy aiming at
a progressive ROM gain, gait training, muscle strengthening,
balance, and proprioception. The support was performed in
a protected manner with an immobilizer boot until the sixth
week and removed later. Activities in the open kinetic chain
academy and indoor bicycle training were allowed after this
period. In addition, closed kinetic chain walks and exercises
were allowed after three months postoperatively.

Discussion

The prevalence and biopsychosocial impact of ankle OA
have resulted in improved therapeutic modalities in recent
years. In the final stage, the surgical treatment of OA, until
recently, as a gold standard, was based on pain control at
the expense of mobility and joint preservation through ar-
throdesis®®. This treatment was associated with a high rate
of arthrosis in adjacent joints in the medium and long-term,
especially in the hindfoot“?, requiring additional surgical
procedures and decreasing patient satisfaction®.

Total ankle arthroplasty, an alternative to joint fusion in se-
vere cases, was little used until the mid-2000s due to higher
complication rates than arthrodesis“'®, For this reason, im-
provements were sought to enable the performance of TAA
and reduce its high complication rates. These improvements
were obtained with a 3rd generation system and allowed
greater use of the technique with more satisfactory results®.

Therefore, the good results with primary arthroplasty and
decrease in late satisfaction after arthrodesis, related to se-
condary arthrosis or due to complications, such as non-union
or vicious consolidation, raise the possibility of converting an
arthrodesis to TAA®®, Unfortunately, this procedure, of great
technical difficulty, although described in 2004 by Greisberg

et al.® in a cases series involving 18 patients with a mean
follow-up of 39 months, has not been reported in Brazil until
the publication of this study.

Commun indications for conversion of arthrodesis into TAA
include pseudarthrosis, vicious consolidation, or arthrodesis
with symptoms in adjacent joints. The absolute contraindica-
tions are the presence of active infection, severe peripheral
vascular disease, inadequate soft tissues for coverage, and
Charcot arthropathy; the relative ones are the absence of
distal fibula, talar osteonecrosis, extensive ligament injury,
active smoking, and anticipation of inadequate postopera-
tive alignment®@?.

Schuberth et al.?® were responsible for the largest case se-
ries ever published, involving 77 ankles in a mean follow-up
of 101 months, finding encouraging functional results with sta-
tistical significance (p<0.05). Despite a lower ROM gain than
expected in a primary arthroplasty (16-20° versus 34-40°), the
reduction or absence of pain and the mobility restoration im-
proved the AOFAS score for ankle and hindfoot and VAS®@312,

These results are compatible with other studies available in
the literature. Pellegrini et al./¥, in a study involving 23 ankles
with a mean follow-up of 33 months and a minimum of 12,
obtained a reduction in VAS and improved quality of life
through the Short Form-36 (SF-36). Preis et al./® evaluated
18 patients for a mean follow-up of 54 months and a mini-
mum of 27 and also found statistically significant results for
pain reduction and increased quality of life and mental health,
represented by VAS and SF-36, respectively. Hintermann et
al., evaluating the same parameters in 29 ankles of 27 pa-
tients for a mean follow-up of 55 months and a minimum of
36, reached 82% of patient satisfaction and a mean of 24°
ankle ROM gain.

Therefore, as described above, the patients in this study
met the procedure’s formal indications and had no absolute
contraindications. Furthermore, the results obtained about
the improvement of pain, quality of life, and important ROM
gain, combined with the possibility of performing daily li-
ving activities, such as walking on uneven surfaces, climbing
stairs, or low-impact sports practice, met the patient’s ex-
pectations and are favorable to the proposal of desarthro-
desis followed by TAA.

However, the study has limitations. The study is a case re-
port with a short number of patients and a limited follow-up
time of 12 months. In addition, the ROM evaluation was per-
formed by goniometry and not by serial radiography, resul-
ting in a tibiopodal and not a tibiotarsal angle.
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Thus, a greater number of cases is necessary to objectively Conclusion

evaluate the results of desarthrodesis followed by TAA in Desarthrodesis is a treatment option with good results for

Brazil with long-term follow-up. painful ankle arthrodesis.
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Case Report

Subungual tumor of the hallux: a diagnostic challenge
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Abstract

Subungual tumors of the hallux are rare, with a varied spectrum of differential diagnoses, and it may be challenging to reach the correct
diagnosis. Depending on the health system where the patient will be treated, the specialist physician may follow different paths in the
search for pathological definitions, which may lead to delays in obtaining the diagnosis and even to mistaken results. We present a case
of a patient with a subungual tumor of the hallux, which represents the singular process above, aiming to demonstrate relevant diffe-
rential diagnoses, determining factors for the correct diagnosis, and the importance of pathological elucidation for its proper treatment
so that the outcomes for the patient are prevented.

Level of Evidence V; Case Report; Expert Opinion.

Keywords: Bone neoplasms; Hallux; Oncology; Orthopedic.

Introduction A 15-year-old male presented to a dermatologist’s office
complaining of a subungual lesion in the left hallux. The pa-
tient denied episodes of trauma and reported rapid lesion
growth, with nail deformity due to elevation of subungual
mass, without pain. A biopsy was performed by superficial
scraping, with an anatomopathological result of the fibro-
blastic proliferation of reaction pattern, with myxoid areas
without atypia. The immunohistochemical profile was posi-
tive for CD99 and smooth muscle actin, suggestive of super-
ficial acral fiboromyxoma (Figure 1).

Subungual tumors of the hallux are rare, with a varied spec-
trum of differential diagnoses, and it may be challenging to
reach the correct diagnosis. Depending on the health system
where the patient will be treated, the specialist physician may
follow different paths in the search for pathological defini-
tions, which may lead to delays in obtaining the diagnosis
and even to mistaken results®?.

We present a case of a patient with a subungual tumor of
the hallux initially diagnosed and treated as superficial acral
fibromyxoma. After an unsatisfactory outcome with recurrence
and progressive nail deformity, suspicions of subungual exos-
tosis and bizarre parosteal osteochondromatous proliferation
(BPOP), or Nora’s lesion, were raised.

Initially treated with superficial excision, the lesion presen-
ted new growth with progressive nail deformity. The patient
underwent a radiographic examination and was referred for
consultation with a foot specialist orthopedic surgeon. The
radiograph showed ossification near the hallux’s dorsomedial
end of the distal phalanx, measuring 1cm, associated with
sclerosis and phalanx irregularities (Figure 2).

The objective of this report is to present relevant differen-
tial diagnoses of subungual tumors of the hallux, determining
factors for the correct diagnosis, and the importance of pa-

thological elucidation for its appropriate treatment so that The clir\ical'evolution associated with imaging syggested
the outcomes for the patient, such as onychodystrophy and differential diagnoses, such as subungual exostosis, Nora’s
even amputation, are prevented. lesion, and subungual osteochondroma. Therefore, surgical

treatment was then performed with excision of the lesion (Fi-
gures 3 and 4), as follows: 1) incision of the medial, anterior,

Case dESCI’IptIDII and lateral region of the left hallux, above the midline in the
The study was approved by the institution’s ethics committee, longitudinal plane; 2) dissection of the tissues to the tumor’s
and the informed consent form was signed. base in the phalanx and the subungual bed superiorly; 3) dis-
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section of the whole exostosis base,; 4) control with radios-
copy and osteotomy with microdrill of the exostosis base, 5)
lesion resection, 6) intraoperative histopathological analysis
of the lesion - without malignancy characteristics; 7) regula-
rization of the phalanx base; 8) skin and flap closing between
the nail and the skin; 9) dressing; and 10) use of footwear with
forefoot wedge in the postoperative period.

The detailed anatomopathological report characterized
the lesion as bone neoformation partially covered by carti-
lage without atypia, with nail erosion, associated acute in-
flammatory process, histiocytic reaction around hemorrhage
(previous biopsy site), foci of fibrosis, myxoid degeneration
and ischemic necrosis in adjacent connective tissue, without
morphological evidence of malignancy, concluding by bone
exostosis.

The patient evolved well, with good wound healing and no
lesion recurrence to date (Figure 5).

Figure 1. Subungual lesion of the left hallux at the time of the first
biopsy by superficial scraping.

Figure 2. Left hallux radiograph.
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Discussion

Subungual tumors of the hallux are uncommon lesions that
present a wide spectrum of differential diagnoses, such as
subungual exostosis, subungual osteochondroma, BPOP or
Nora’s lesion, superficial acral fibromyxoma, glomus tumor,
onychomycosis, and pyogenic granuloma. The patient can
seek help in different areas of medicine, such as dermatology,
orthopedics, and oncology, or from non-medical health pro-
fessionals, such as podiatrists. Therefore, varied approaches

O

Figure 3. Steps of the surgical approach.

Figure 4. Lesion resection and wound regularization.

Figure 5. Two months postoperative.



can lead to delayed diagnosis or even mistaken results. It is
relevant to analyze the main differential diagnoses for subun-
gual lesions of the hallux that were investigated in this case
report and determine factors in the investigative process.

Superficial acral fibromyxoma

Superficial acral fiboromyxoma is a rare benign soft tissue
tumor, more common in patients in the fifth decade of life,
with a mean age of 43 years, affecting more males in a 2:1
ratio to females®?. It is usually located on the tips of the fin-
gers and toes, preferably subungual or periungual, and the
hallux is the most affected digit®.

It appears as a slow-growing solitary nodule, reaching mean
dimensions of 0.6 to 5 cm, and painless in most cases®®. On
histological analysis, it is described as a myxoid tumor with
spindle-shaped, stellate cells and fibroblasts, usually confined
to the dermis and subcutaneous tissue. It may also involve
deeper tissues, causing erosion of the underlying bone limi-
ted to the cortical bone, without tumor calcification, a cha-
racteristic lesion that can be visualized on radiographs®®.
Magnetic resonance imaging usually presents hypointense
signal on Tl-weighted sequences and a hyperintense signal
on T2-weighted®. On immunohistochemical analysis, it is
reactive for CD34, CD99, and epithelial membrane antigen,
being negative for S100, which distinguishes it fromm myxoid
neurofibroma®.

The treatment of superficial acral fibromyxoma should be
conducted with its complete excision to prevent recurrence®,

Nora’s lesion

Bizarre parosteal osteochondromatous proliferation, descri-
bed by Nora in 1983, is a rare benign tumor lesion, with just
over 100 cases reported in the literature. Although its etiolo-
gy is not yet fully defined, it is believed to be associated with
genetic alterations, such as translocation t(1:17)(q32;921)®.
It usually presents as a fast-growing nodule for weeks to
months, painless or slightly painful. It is preferentially located
in the hands and feet of young adults in the third decade of
life, especially in the phalanges, metacarpals and metatarsals,
with no preference for gender®®,

Morphologically, it appears as a mass of heterotopic minera-
lization that rises from the periosteal or intact cortex without
medullary involvement, presenting a nodular surface covered
by metaplastic cartilage®”. There are osteoblasts irregularly
disposed in the bony trabeculae, along with bizarre fibro-
blasts between the trabeculae®. Magnetic resonance ima-
ging is characterized as a low-signal lesion on T1-weighted
sequences and a low-intermediate signal on T2-weighted,
without periosteal reaction and gadolinium enhancement.
When it is not completely resected, it presents a high local
recurrence rate, reaching up to 55% of the cases®®,

Generoso et al. Subungual tumor of the hallux: a diagnostic challenge

Subungual exostosis

An important diagnosis is a subungual exostosis, a rare
benign tumor late diagnosed in about 10% of cases, with re-
ports in the literature showing a significant interval of two
months to four years from the onset of symptoms until the
correct lesion elucidation®.

Initially described by Dupuytren in 1817, this benign tumor
affects patients more frequently in the second and third
decades of life, with no difference between genders. It is a
slow-growing solitary mass, usually painful, with progressi-
ve involvement of the nail and nail bed and a preference for
hallux in about 80% of cases. There are no reports of malig-
nant transformation®.

Its etiology is still uncertain, and its development may be
related to traumas, infections, tumors, hereditary factors, and
the translocation t(X;6)(g22; q13-14)©9,

On physical examination, it may present as a fixed subun-
gual nodule with a hyperkeratotic surface in the distal region
of the nail®. In subungual exostosis, the formed bone origina-
tes from fibrous tissue and does not present continuity with
the cortical or medullary bone, having a fibrocartilage cover,
an important characteristic that differentiates it from oste-
ochondroma®?, On radiographical examination, there is no
bone destruction or periosteal reaction?.

Subungual osteochondroma

An important differential diagnosis of subungual exostosis
is subungual osteochondroma. Osteochondroma is the most
common benign bone neoplasm, corresponding to 10-15% of
all bone tumors; however, its subungual form is rare/. The
latter affects the hallux in 45% of cases and the other toes in
most other cases.

It is presented as a bone mass derived from endochondral
ossification, pedunculated or sessile, continuous with the
cortical and bone marrow, and hyaline cartilage®'®,

For both subungual exostosis and osteochondroma, re-
moving the entire lesion to its base, with its curettage until
visualization of the cancellous bone, is recommended to
avoid recurrence. The nail bed should be preserved whenever
possible®1,

Conclusion

Subungual tumors are rare lesions with a wide spectrum of
differential diagnoses. For diagnostic investigation, imaging
exams and pathological examinations are of great value and
should be used to perform early appropriate treatment and
prevent harm to the patient.
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Case Report

Traumatic hallux sesamoid fracture: a case report
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Abstract

The authors describe an extremely rare case of traumatic fracture of both hallux sesamoid bones, which was treated non-surgically, and
the indications, contraindications, and unfavorable outcomes analyzed.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Sesamoid bones; Fractures, bone; Hallux.

Introduction

The sesamoid bones lie lateral and medial to the flexor
hallucis longus, developing a similar function to the pulleys,
allowing a better load distribution in the first ray, besides
participating in the functionalities of flexor hallucis brevis
tendons and the protection of flexor hallucis longus®. They
are located on the plantar aspect, suffering the impact of the
body weight against the ground, especially when jumping or
during a race. There are two sesamoid bones, the tibial sesa-
moid is larger and more medial, and the fibular sesamoid is
smaller and more rounded®?,

Sesamoid bone fractures usually occur due to dorsiflexion
trauma of the hallux and direct trauma in landing, for exam-
ple®. Usually, tibial sesamoid fracture occurs because it is
more fixed and larger, thus making it more susceptible to
trauma. In addition, fractures generally present a more trans-
verse feature, differing from pseudarthroses, which are more
irregular and acute®,

Treatment options are conservative and surgical. Conser-
vative treatment includes immobilization with a suropodalic
cast or non-weight-bearing footwear for four to six weeks.
On the other hand, the surgical treatment recommends im-
plants such as screws or even sesamoid resection, that is,
sesamoidectomy®29, partially or totally, which has demons-
trated in some studies an earlier return to sports activities in
athletes®.

We emphasize that surgical treatment is contraindicated
due to the patient’s clinical or poor local skin conditions, and
in fractures without deviation and without compromising the
function of the plantar glenosesamoid complex of the first
metatarsophalangeal joint.

We report a case with a fracture in both sesamoids where
conservative treatment was indicated because the patient
did not meet the criteria for surgical treatment, which is an
extremely rare with almost no publication in the literature.

Case description

A 42-year-old female patient had a history of falling down
the stairs with approximately 15 steps on 10/22/2021 with
axial trauma to the foot in equinus and dorsiflexion in the first
ray evolving with severe pain in the left forefoot, limitation
to ambulation, and inability to support body weight. The pa-
tient attended the Emergency Department of the Hospital do
Servidor Publico do Estado de Sdo Paulo on the same date.

Radiographs (Figure 1) were performed, demonstrating
a transverse lateral sesamoid fracture and a transverse and
comminuted medial sesamoid fracture, confirmed by compu-
ted tomography (Figure 2), revealing relative integrity of the
plantar glenosesamoid complex, and was opted for conser-
vative treatment with cast and follow-up with serial radio-
graphs every two weeks. The reasons to choose conservative
treatment were: the tibial sesamoid fracture was comminu-
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ted, which would practically preclude the synthesis, and the
fibular sesamoid fracture presented a transverse feature, that
is, stable, showing good results in the non-surgical treatment.

The patient evolved with satisfactory results and consoli-
dation after six weeks of cast immobilization (Figure 3) and
was instructed to wear shoes with rigid soles for another four
weeks. After that, the patient was referred to rehabilitation
with good evolution, painless gait, weight-bearing capacity,
daily activities without any limitation, and recovery of the
range of motion, mainly from the first ray compared to the
contralateral limb.

Discussion

As discussed by Bichara et al.®® and Tan et al.®®, the hallux
sesamoid bones play a crucial role in the first metatarsal joint,
performing a pulley function and imparting most of the for-
ce to the first ray. Due to their location, they are subject to
trauma or repetitive stress, presenting clinically with pain and
limitation of physical activities since injuries to these bones,

Figure 2. Computed tomography on 10/22/2021.
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especially fractures, often affect athletes. In addition, York
et al.?” also cite the high susceptibility of sesamoid bone
fracture in athletes.

Sesamoid fractures can be classified as acute or stress
fractures. In acute cases, they usually affect the tibial sesa-
moid because it is larger and more fixed, presenting a more
transverse feature. In contrast, the fibular sesamoid tends
to be less affected due to its high mobility and the ability
to slide between the first and second rays in the first inter-
metatarsal space. It should be noted that fractures involving
both sesamoids are extremely rare events.

As treatment options, Cohen® suggests conservative ma-
nagement with a cast for four to six weeks and another four
to six weeks with an immobilizer boot. Surgical cases are re-
served for deviated fractures or those that evolve with pseu-
darthrosis or delayed consolidation. However, Stein et al.®
and Robertson et al.® mention that high-performance athle-
tes patients submitted to surgical treatment had an earlier
return to activities, but the fracture time did not imply the
result and/or fracture consolidation, as described by Ro-
bertson et al.®®, that some athletes started with conserva-
tive treatment and after the poor evolution or worsening of
symptoms underwent surgical treatment and returned to the
same level of activity before fractures@s®,

Conclusion

Conservative treatment proved efficient and allowed the re-
turn to daily activities, even with the rare fracture of the two
sesamoids, according to the evolution of the case described
in this study.

Figure 3. Radiographs after six weeks using a cast.
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Minimally invasive surgery for pedal digital deformity:
a systematic review
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Abstract

Objective: The interest and application of minimally invasive surgery (MIS) in treating lesser toe deformities have increased worldwide.
The symptoms are often attributed to callosities and localized pressure. Conservative treatment may improve comfort, but its success
largely depends on the level of deformity. When conservative treatment fails, surgery may be indicated. This study explores the available
evidence and reviews in the literature seeking to examine the efficacy of MIS in lesser toe pathology.

Methods: A systematic review was performed, and the search included the following databases: Cochrane Library, CINAHL, MEDLINE®,
PUBMED, Science Direct, and other relevant peer-reviewed sources between September 2019 and June 2022. In addition, a manual
search was conducted in Australian, American, British, and European orthopedic and podiatric scientific data for relevant studies.

Results: The search for potentially eligible information for this systematic review yielded 92 unique studies. All studies identified were
obtained and reviewed. An updated search was performed in July 2022, resulting in no additional studies that satisfied the inclusion
criteria. After considering all potentially eligible studies, five (5.4%) met the inclusion criteria. One thousand one hundred eighty-six
lesser toe procedures (500 patients) were included. The overwhelming majority of patients were female (80.5%). The patient’s mean
age was 56.9 (range 18-91) years, and the mean follow-up was 19.6 (range 6-33) months. All of the studies included early mobilization
in the postoperative protocol.

Conclusion: There is a need for more research using a combination of validated patient-reported outcomes to evaluate the effective-
ness of MIS procedures in treating lesser toe deformities alongside the development of validated and tested treatment algorithms to
guide surgical decision-making.

Level of Evidence lll; Therapeutic Studies; Systematic Review.

Keywords: Minimally invasive surgery; Hammer toe syndrome; Systematic review.

Introduction The aim of lesser toe surgery is to correct the deformity
and preserve the foot biomechanics. There is no consensus
regarding the best surgical approach®. Surgeons have his-
torically focused on anatomical structures and contractures
to guide their decision-making®®. The ambiguous definitions
and treatment options for diagnosing and managing lesser
toe deformities have been well documented and may further
confound the confusion surrounding appropriate surgical
approaches™.

The interest and application of minimally invasive foot
surgery (MIS) continue to grow worldwide, yet the most
appropriate surgical treatment for lesser toe deformities is
controversial®®. MIS has been defined as surgery performed
through small portals without direct visualization of anato-
mical structures. Its use has increased due to the belief that
it reduces soft-tissue damage, smaller scars, shorter surgery
time and hospital stay, lower postoperative pain, and reduces
infection risk. However, there is limited evidence to support The symptoms of lesser toe deformities are often attributed
these assertions®. to callosities and localized pressure®. Conservative treatment
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may improve comfort, but its success depends on the level
of deformity. Orthoses, special footwear, protective devices,
and various injection techniques have been employed as non-
operative management®, When conservative treatment fails,
surgery may be indicated. The aim of this systematic review
is to determine whether MIS approaches for the correction
of lesser toe deformities provide a safe and reproducible
approach.

Methods

A systematic review was performed, and the search
included the following databases: Cochrane Library, CINAHL,
MEDLINE®, PUBMED, Science Direct, and other relevant peer-
reviewed sources between September 2019 and June 2022.
In addition, a manual search was conducted in Australian,
American, British, and European orthopedic and podiatric
scientific data for relevant studies, including but not limited
to the Journal of Foot & Ankle Research, the Journal of
Foot & Ankle Surgery, the Journal of the American Podiatric
Medical Association, the American Journal of Sports Me-
dicine, the British Journal of Sports Medicine, Foot and Ankle
International, the Journal of Bone and Joint Surgery, and
International Orthopaedics.

The abstract of each study was assessed to ensure it met the
inclusion criteria outlined in Table 1. The hierarchy of eviden-
ce was considered for this review; however, given the small
number of studies concerning the treatment and informing
MIS decision-making, narrative reviews were included despite
their low standing due to the mention of surgical algorithms.

Given MIS for lesser toe deformities is a relatively modern
field of practice, few filters and limitations were applied to
ensure the largest pool of research articles. Boolean operators
searched for specific terms and established associations between
keywords. A PRISMA flow chart is outlined in Figure 1.

Results

The search for potentially eligible information for this syste-
matic review yielded 92 unique studies. All studies identified
were obtained and reviewed. An updated search was perfor-
med in July 2022, resulting in no additional studies that sa-
tisfied the inclusion criteria. After considering all potentially
eligible studies, five (5.4%) met the inclusion criteria. One
thousand one hundred eighty-six lesser toe procedures (500
patients) were included (Table 2). The overwhelming majority
of patients were female (80.5%). The patient’s mean age was
56.9 (range 18-91) years, and the mean follow-up was 19.6
(range 6-33) months. All of the studies included early mobili-
zation in the postoperative protocol.

Favorable postoperative results using MIS for lesser toe
deformities were seen across all studies, irrespective of the
postoperative outcome measures used. A prospective cohort
study by Yassin et al./® reported a postoperative Visual Ana-
log Scale (VAS) score of 1.9 for MIS compared to 3.5 for open
Kirschner wire (K-wire) fixation.

Table 1. The inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Empirical research Concomitant hallux valgus
surgery

Minimally invasive techniques Traditional open

- Lesser toe deformities

- Toe and Deformity

- Guidelines or Algorithms

Research using patient-reported
outcome measures

Research completed between
2008-2021

Studies examining MIS in
patients with existing medical
conditions

Narrative reviews

c Electronic Database Search
[}
® (CINAHL, PubMed/MEDLINE,
5.":.’ Cochrane, Science Direct)
=
c
() n=1978
3
Records once duplicates
were removed
g
= n=1974
[
@
o
O
. l
Filtered records
n=92
>
=
2 Full text articles Full text articles
g assessed for eligibility [—J | excluded on basis of
w inclusion/exclusion
n=92 criteria
n=87
k-]
@
T
% Studies included
=
n=5

Figure 1. A PRISMA Flow chart of the included studies.
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Table 2. Characteristics of the included studies

. No. of Level of . .
Author Sample size - Surgical technique Outcome measure  Follow-up
procedures evidence
Nieto-Garcia et al.® 223 723 1 Incomplete phalangeal osteotomies with  AOFAS pre- and 6, 12 months
or without tenotomies for lesser toe postoperatively
deformities alongside HAV surgery
Yassin et al.0® 87 (MIS), 221 (MIS), 1l Open K-wire fixation compared to Radiographic 2, 3 months
265 (Open) 454 (Open) percutaneous fixation assessment
ASEPSIS score
VAS
Malhotra et al.®™ N/A N/A \Y, N/A N/A N/A
Gilheany et al.® 179 299 1 Simple deformity: MIS phalangeal An audit of 12 months
osteotomies and/or ostectomy comnplications
with/without lengthening/release to using national
flexor/extensor tendons and capsular benchmark
releases as required. indicators
Complex deformity: MIS reconstructive
procedures of the MTPJ
Lui®™ n 13 1 MIS combined plantar plate tenodesis Radiological 33 months
and EDB transfer assessment

*HAV: Hallux abductus valgus; AOFAS: American Orthopaedic Foot & Ankle scale; MIS: Minimally invasive surgery; K-wire: Kirschen wire; ASEPSIS: Additional treatment, the presence of Serous dis-
charge, Erythema, Purulent exudate, and Separation of the deep tissues, the Isolation of bacteria, and the duration of inpatient Stay; VAS: Visual Analog Scale; MTPJ: Metatarsophalangeal joint; EDB:

Extensor digitorum brevis.

Four studies®®® provide commentary on postoperative
complications in their respective studies. Gilheany et al.®
reported low complication rates when performing MIS on
pedal deformities through tenotomies, capsular releases, and
osteotomies, with an observed infection rate of 0.53% and
under correction of 0.67%. This complication rate contrasts
with Nieto-Garcia et al.™, who found significantly higher
postoperative complication rates when comparing the impact
of tenotomies on the outcome of incomplete osteotomies.
They reported a complication rate of 13.9% following an
incomplete phalangeal osteotomy which increased to 38.6%
when a tenotomy was performed concurrently. Yassin et
al.%® found an increase in abnormal wound healing following
MIS (20.7%) compared with open K-wire fixation (7.1%).
However, a high number of co-morbid patients diagnosed
with peripheral vascular disease in the MIS could impact
the validity of their findings and explain the increase in
postoperative complications.

Discussion

The aim of this systematic review was to evaluate the
effectiveness of MIS procedures in treating lesser toe
deformities. All studies included aimed to assess the effec-
tiveness and management of MIS for lesser toe deformities;
however, several different MIS techniques and lesser toe
deformities were evaluated. Nieto-Garcia et al.™ and Yassin
et al% approached this through comparative studies,
with the latter comparing MIS to open surgery. Gilheany et
al.® assessed the surgical and medical complication rates
associated with MIS for pedal toe deformities. Results were
then compared against national benchmark indicators to
determine whether MIS could prove advantageous or com-
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parable to traditional open surgery. The final study by Lui
examined the lateral and dorsal metatarsal phalangeal
angles pre- and postoperatively through plain radiographs to
assess the effectiveness of MIS in correcting cross-over toe
deformity.

The study by Nieto-Garcia et al. was the largest, including
723 procedures performed on 223 patients. The study with the
smallest sample size was conducted by Lui™ with 11 patients
and 13 percutaneous procedures for lesser toe deformities. It
is expected that a larger sample size would provide a better
representation of a population, whereas small sample sizes
may not capture the full range of results.

Gilheany et al.® focused on postoperative complication
rates where a longer-term follow-up may be considered ad-
vantageous when assessing deformity reoccurrence. This is
in contrast to studies that compared pre- and postoperative
pain scores where shorter follow-up periods focused on how
pain levels change following the surgical intervention. Given
the vast variation in postoperative follow-up periods recor-
ded, direct comparisons between the studies included in this
review may be invalid.

All studies included in this review concluded that their res-
pective results favor using MIS in treating lesser toe deformi-
ties. However, it is difficult to draw direct conclusions due to
the variance and limitations across the methods, data collec-
tion, and analysis.

Several complications were described across the studies
identified, with all studies describing MIS as providing low
complication rates. The variance was observed across all
studies regarding the methodologies and patient-reported
outcome measures used to identify adverse events. Nieto-
Garcia et al.™ assessed the effectiveness of incomplete
osteotomies using MIS techniques. Complications were higher
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when the osteotomies were used alongside tenotomies, spe-
cifically those of delayed union, hypertrophic callous, and
postoperative phalangeal fractures. Yassin et al.™® compared
MIS osteotomies to traditional K-wire fixation. Adverse events
were lower in the percutaneous group than those treated
with traditional K-wire fixation.

Conclusion

There is a need for more research using a combination of
validated patient-reported outcomes to evaluate the effec-
tiveness of MIS procedures in treating lesser toe deformities
alongside the development of validated and tested treatment
algorithms to guide surgical decision-making.
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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

Keywords: Autograft; Extensor hallucis longus; Hamstring tendons; Tendon injuries.

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-

| 184 studies imported for screening |

T Mo

i

| 130 studies screened |

| 41 full-text studies assessed for eligibility |

removed

. . 2 Language
4 additional linked 1 Wrong indication
; ) 1 Duplicated
e s torgimte
1 Unable to source full text

| 4 studies included I

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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Abstract

Objective: Evaluate the treatment of hallux valgus through percutaneous surgery.

Methods: This is a systematic review, and the search was conducted on PubMed/Medline and Virtual Health Library (VHL) databases.
The search included studies that addressed percutaneous surgery and analyzed the American Orthopaedic Foot & Ankle Society
(AOFAS) score, published between 2013 and 2018, as original studies, in English, Portuguese and Spanish.

Results: One-hundred and eighty-five articles were identified in the databases, 19 were selected for STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) application, and five were included in the systematic review. The majority of the stu-
dies were European; the age of the patient was from 17 to 78 years, who suffered from mild to severe deformities, which were evaluated
radiographically and through the AOFAS scale, then submitted to minimally invasive surgeries. Postoperative follow-up was from six
months to ten years.

Conclusion: The percutaneous technique for hallux valgus correction has shown good results, little surgical trauma, few complications,
rapid recovery, return to activities and high satisfaction with the result.

Level of Evidence I; Systematic Review of Level | Studies.

Keywords: Hallux valgus/surgery; Osteotomy; Metatarsophalangeal joint.

From the classification, the treatment method can be
decided, whether conservative, in which the patient will try

Introduction

The hallux valgus (HV) is a multifactorial deformity cha-

racterized by a 5° deviation of the first ray and 10° of the
first metatarsal, commonly associated with medial exostosis
of the first metatarsal and pain in its prominence, being more
frequent in women (88%), with a mean age of 55 years®.

Hallux valgus can result from extrinsic factors, such as
inadequate footwear (shoes with narrow anterior chamber),
heredity, gender, age, and foot anatomy®. It presents with
pain in the medial eminence of the first ray of the forefoot
(70%), associated with metatarsalgia (40% of cases). It can
also be associated with “bunion” (medial bone exostosis) and
other foot comorbidities, which are evaluated on physical
examination®?,

The HV classification and the treatment method choice
are made considering radiological evaluation. It will allow
the measurement of the altered main angles and assist in
classifying the pathology as mild, moderate, or severe®.

Hospital Santa Izabel, Salvador, BA, Brazil.

to acquire new habits, using more appropriate footwear or
surgical, which can be open or closed (percutaneous). In this
systematic review, the closed treatment will be addressed,
represented by percutaneous surgery, which is a minimally
invasive treatment, and brings with it the advantage of less
surgical time, less surgical trauma (small incisions), and
consequently, minor complications and faster recovery®.

Percutaneous surgeries are osteotomies, exostectomy, and
soft tissue release through incisions of 1-3mm length, under
intraoperative fluoroscopy, using a mini-blade™ scalpel®®,

Two main osteotomies are described in the percutaneous
approach: Reverdin-Isham and Bosch osteotomies. The
first is a distal osteotomy, which corrects mild to moderate
deformities. The second is a metaphysis distal osteotomy
that corrects severe deformities®.
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In the literature, few studies address percutaneous techniques
associated with HV, as they are relatively new techniques, re-
quiring greater comparations, studies, and clarifications. In
addition, most studies address the method, not considering
patient improvement. Therefore, it is necessary to evaluate
the percutaneous surgery for HV through an extensive and
comparative literature review that confirms the technique’s
efficacy compared with traditional treatment.

Methods

The question chosen was made through the PICO strategy:
P - POPULATION: people affected by the hallux valgus

| - INTERVENTION: percutaneous surgeries

C - CONTROL: open surgeries or conservative treatment

O - OUTCOME: patient improvement and satisfaction

A systematic review was conducted by searching for
articles in the literature on HV associated with percutaneous
surgery (observational and cross-sectional studies), where
the evidence was synthesized and critically evaluated to
determine whether the data were relevant and beneficial
enough to apply this technigue to the patient.

After data searching, the affected population was separated
by age, gender, prevalence of unilateral or bilateral foot
involvement, follow-up period, and any withdrawal from the
studies due to complications.

It was noted that the percutaneous technique might be
different regarding the surgeon’s choice. The correction of the
main foot angles was also examined by analyzing radiographic
data that followed the pre-and postoperative periods. As a
result, corrections were verified: hallux valgus angle (HVA),
intermetatarsal angle (IMA), and distal metatarsal articular
angle (DMAA).

The American Orthopaedic Foot & Ankle Society (AOFAS)
score was also analyzed, and the complications of percu-
taneous surgery were considered.

Systematic data research was performed in PubMed/Med-
line and Virtual Health Library (VHL) databases from 2013 to
2018, searching for original articles that used percutaneous
surgery in HV treatment.

“Hallux valgus” and “percutaneous surgery” were the two
terms used in the search, and 185 articles were found. After
identifying the titles, the abstract was read, all relevant studies
were included to confirm eligibility through the full-text read.

The inclusion criteria were original articles that addressed
HV correction through percutaneous surgery, published
within the last five years. In addition, articles that included
AOFAS score, level of evidence | to IV, and compared open
surgical techniques.

The exclusion criteria were systematic reviews, articles
describing only the surgical technique or that did not report
the perception, improvement, and satisfaction of patients,
articles that addressed the open technique exclusively,
articles with publication over five years, and studies not
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available for a full-text read. In addition, studies with children,
cadavers, and animals.

After the selection process, 22 articles were included in the
eligibility criteria. Then, the PRISMA protocol was applied,
which helped to improve the quality of data extraction. Once
the eligible studies were identified, data were extracted and
compared following the protocol:

1 number of participants; 2) number of feet on which
the surgery was performed; 3) age; 4) gender; 5) surgical
techniques and indications (mild, moderate, or severe
deformity); 6) follow-up time; 7) improvement of HVA, IMA,
and DMAA; and 8) AOFAS score.

The methodology quality was evaluated using STrengthening
the Reporting of OBservational studies in Epidemiology
(STROBE) application.

Results

The strategies mentioned above were applied to identify
and select the studies. In the first stage, the search identified
185 articles, of which 94 were excluded, leaving 91 articles.
Then, the title and abstract of each study were read.

In the second stage, 41 duplicates were identified, one was in
German, one in Italian, 11 review articles, four experts opinion,
and two were excluded, leaving 31 articles to advance to the
eligibility stage, where the full-text read was completed. Of
these, eight were excluded because they did not use the
AOFAS score, and four were not fully available. Thus, 19
articles were selected for STROBE, and five were included in
the systematic review after STROBE evaluation.

General characteristics of the selected studies

The study by Faour-Martin et al./” was conducted in 2013 in
Spain, with 87 patients (115 feet) affected with HV unilaterally
and bilaterally. This prospective study aimed to show ten years
of follow-up of patients submitted to percutaneous surgery
techniques. The same surgeon performed the surgeries using
atechnique first described by Bdsch (percutaneous subcapital
osteotomy). The results showed improvement in the AOFAS
score, from a mean of 47.1 points in the preoperative to a mean
of 89.3 points ten years after surgery. It was also evidenced
that there was pain improvement (O - 40 points) from 18.4 to
36.5 points, functional capacity improvement (O - 45 points)
from 22.5 to 40.6 points, and alignment improvement (O - 15
points) from 6.2 to 12.2 points. There was also radiographic
analysis that showed IMA improvement from a mean of 17.6°
(mild deformity) to 8.1° (no deformity/mild deformity), HVA
improvement from a mean of 34.2° (moderate deformity) to
14.6° (no deformity/mild deformity), and DMAA improvement
from a mean of 15.4° to 7.2°. The study did not indicate
limitations in its development.

The study by Biz et al.® was conducted in 2016 in Italy, with
80 patients submitted to unilateral surgeries. This prospective
longitudinal study aimed to clinically and radiologically
evaluate patients affected with mild to severe HV submitted



to minimally invasive surgeries. A sequence of techniques was
applied, Reverdin-Isham procedure was the first, followed
by Akin osteotomy, and finished with a lateral soft tissue
release. The study showed improvement in the AOFAS score,
from a mean of 54.1 points in the preoperative to a mean
of 871 points 45 months after surgery. It also showed pain
improvement, angle alignment, and daily activities. There was
also radiographic analysis showing IMA improvement from a
mean of 12.9° (moderate deformity) to 9.0° (no deformity/
mild deformity), HVA improvement from a mean of 26.4°
(moderate deformity) to 13.9° (no deformity/mild deformity),
and DMAA improvement from a mean of 10.12° to 5.2°. The
limitation of the study was the lack of a control group to
compare the results of the techniques.

The study by Lucas y Hernandez et al.?® was conducted
in 2016 in France, with 38 patients (45 feet) submitted to
percutaneous extra-articular reverse-L Chevron (PERC)
osteotomy. This prospective study aimed to describe the
prognostic factors and results of PERC in treating moderate
HV. The results showed improvement in the AOFAS score,
from a mean of 62.5 points in the preoperative to a mean
of 971 points five years after surgery. There was also
radiographic analysis that showed IMA improvement from
a mean of 11.8° (moderate deformity) to 7.9° (no deformity/
mild deformity), HVA improvement from a mean of 26.2°
(moderate deformity) to 9.6° (no deformity/mild deformity),
the DMAA analysis was not performed in the study. On the
other hand, results were analyzed for proximal articular set
angle ( PASA), tangential angle of the second axis (TASA),
and interphalangeal angle (IPA). The study did not indicate
limitations in its development.

The study by Lee et al.?® was conducted in 2017 in Australia.
A randomized prospective study comparing the Chevron/Akin
percutaneous technique (PECA) and open Scarf/Akin (SA)
osteotomies. The study included 50 patients with moderate
or severe HV, randomized into two groups. The objective of
this study was to observe the results and complications of
both techniques. The AOFAS questionnaire, visual analog
scale (VAS), and radiographic follow-up were performed to
assess the change of angles. The PECA results showed an
improvement in the AOFAS score, from a mean of 61.3 points
in the preoperative to a mean of 88.7 points six months after
surgery. Radiographic evaluation showed IMA improvement
from 15.6° to 6.4° and HVA from 31.4° to 7.6°. In comparison,
the SA technigue showed an improvement in the AOFAS
score, from a mean of 58.5 points in the preoperative to a
mean of 83.0 points six months after surgery. Radiographic
evaluation showed IMA improvement from 15.7° to 7.6° and
HVA from 31.2° to 10.1°. The DMAA was not analyzed in
any of the techniques. The limitations of the study were a
limited sample, with few participants in each group, the non-
validation of the analysis method, and the use of a “popular”
procedure in the control group; the ideal would have been
compared with known techniques for more reliable data.

The study by Kaufmann et al.®? was conducted between
2017 and 2018 in Austria. A randomized prospective study
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comparing the Open Chevron (OC) technique and the
minimally invasive Chevron technique (MIS). The study
included 42 patients (47 feet) affected with moderate or
severe HV, randomized into two groups. The study aimed to
compare the two techniques, and the hypothesis was to find
significant differences between the clinical and radiographic
results in the range of motion of the first metatarsophalangeal
joint and patient satisfaction. The AOFAS score, the VAS score,
and the follow-up radiographic evaluation were applied. The
OC results showed an improvement in the AOFAS score, from
a mean of 66.5 points in the preoperative to a mean of 90
points nine months after surgery. Radiographic evaluation
showed IMA improvement from 15.15° to 5.85° and HVA from
28.25° to 8.5°. In comparison, the MIS technique showed an
improvement in AOFAS score, from a mean of 65.0 points in
the preoperative to a mean of 85.0 points nine months after
surgery. Radiographic evaluation showed IMA improvement
from 14.0° to 6.8° and HVA from 26.4° to 7.6°. The DMAA was
not analyzed in any of the techniques. The limitations of the
study were the inclusion of one center with a single surgeon
and the preliminary result of nine months of follow-up.

The quality of the selected studies was evaluated based on
the STROBE initiative’s criteria. Of the 19 articles analyzed by
STROBE, ten achieved a 16.5 score, higher than the average.
The 2.5 standard deviation was calculated and applied to
refine the study better. Thus, five articles were selected to be
evaluated in this systematic review. For the selection, 1 point
was assigned to articles that fully met the STROBE analyzed
criterion, 0.5 to which partially attended, and O to those that
did not meet the criterion or were not well elucidated.

The HV is a multifactorial deformity affecting the forefoot,
which is more frequent in women, with a mean age of 55.

To classify HV, a classification system is used and considered
mild deformity (HVA <20°, IMA <11° and less than 50% of
medial sesamoid subluxation), moderate deformity (HVA
between 20° and 400, IMA >11o0 and <16°, with 50 to 75% tibial
sesamoid subluxation), and severe deformity (HVA > 400,
IMA >16° and more than 75% tibial sesamoid subluxation)®.

Clinical evaluation of HV can be done using the AOFAS score,
assessing pain, functional capacity, and hallux alignment. This
scale ranges from O to 100 points, and 100 is the best result®.

Radiographic results, in conjunction with the AOFAS score,
lead to a conclusion about whether patients improved through
conservative or surgical treatments.

In this review, three studies aimed at first analyzing the
results of long-term percutaneous surgery with follow-up of
at least four years®"'®. Two studies analyzed the results of
percutaneous surgery compared with open surgery, including
immediate and a minimum period of six months®@°2v,

When comparing the studies, the best mean HVA correction
was obtained by Lee et al.®® with 23.8° variation. The best
mean IMA correction was obtained by Faour-Martin et al.¢”
with 9.5° of variation. The best mean DMAA correction was
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obtained by Faour-Martin et al.® with 8.2° variation. The
highest mean AOFAS score was obtained by Faour-Martin
et al./”, with a variation of 42.2 points from preoperative to
postoperative. All results were satisfactory.

The best immediate radiographic/surgical response was
found by Lee et al.?®, However, in this study, the population
sample was limited, including 50 patients submitted
to surgery, with 25 patients in each group. The same in
Kaufmann et al.??, with an improvement of more than 70%
in hallux correction, however, its sample was limited to 42
patients, divided into percutaneous and open techniques,
and its follow-up time was also short (nine months).

Faour-Martin et al./”, Biz et al.®, and Lucas y Hernandez
et al.™ had the best response of AOFAS scores which were
the longest follow-up period. As it is a more subjective scale,
which has the patient’s opinion, it is understandable that the
best results are from those with the longest period, because,
despite the percutaneous surgery obtaining satisfactory
immediate results, it is necessary time to evaluate the
improvement of quality of life and functional capacity.

Faour-Martin et al.7” obtained the best AOFAS score with
a ten-year follow-up, achieving a mean improvement of 42.2
points, corresponding to 42.2% on a scale of 100 points. Biz et
al.® and Lucas y Hernandez et al.%, in turn, followed for four
and five years, respectively, and obtained mean variations
above 33% of the preoperative value.

Comparing Lee et al.®?® and Kaufmann’s® AOFAS, the
improvement was significant but represented only 20 to 27%,

and perhaps with a longer study period, they would prove
that the percutaneous technique used has better long-term
results, after all, both were published in 2017 and 2018.

In the pain assessment, the best response was Faour-Martin
et al.f”, with 93% of patients without any or little pain.

The best satisfaction response, which is tied to aesthetics
and improved functional capacity, pain, and complications
over time, was noticed by Lucas y Hernandez et al./®, with
97% satisfaction of their patients. However, his sample was
small, and paradoxically, many complications were reported
in his study.

The limitations of the study were no significant studies
included the local population, so the hallux valgus impro-
vement through percutaneous surgery in the Brazilian
population could not be studied. In addition, understanding
the various techniques in the studies, due to the variety of
more than 100 techniques described in the literature, and
the choice varies according to the surgeon’s abilities, only
practice and long-term study can show which is the “best”
technique.

Conclusion

Percutaneous surgery techniques for hallux valgus correc-
tion have good results regarding the procedure and patient
satisfaction. Nevertheless, there are still few studies with a
high level of evidence, thus having to use more time and
resources to prove this treatment’s better efficacy.

Authors’ contributions: Each author contributed individually and significantly to the development of this article: ATCN *(https://orcid.org/0000-
0003-1888-7212), and VPN *(https://orcid.org/0000-0002-9028-0637) Conceived and planned the activity that led to the study, interpreted the results
of the study and approved the final version; LAAS *(https://orcid.org/0000-0002-2443-3324) Interpreted the results of the study, bibliographic review,
data collection and formatting of the article; JESJ *(https://orcid.org/0000-0001-8810-4127), and FD (https://orcid.org/0000-0001-8681-9428), and MAM
*(https://orcid.org/0000-0002-3592-986X) Participated in the review process; JAA *(https://orcid.org/0000-0003-3248-580X) Did the bibliographic
review. All authors read and approved the final manuscript. *ORCID (Open Researcher and Contributor ID)

References

1. Vélez-de Lachica JC, Valdez-Jiménez LA, Inzunza-Sanchez JM.
[Clinical and radiographic evaluation of a new percutaneous
technique for moderate to severe hallux valgus deformity]. Acta
Ortop Mex. 2017;31(4):171-6.

2. Li
Percutaneous Surgery of the First Metatarsal. Foot Ankle Clin.
2016;21(3):495-526.

3. Pichierri P, Sicchiero P, Fioruzzi A, Maniscalco P. Percutaneous

SY, Zhang JZ, Zhang YT. Managing Complications of

hallux valgus surgery: strengths and weakness in our clinical
experience. Acta Biomed. 2014;85 Suppl 2:121-5.

4. Carvalho P, Viana G, Flora M, Emanuel P, Diniz P. Percutaneous
hallux valgus treatment: Unilaterally or bilaterally. Foot Ankle
Surg. 2016;22(4):248-53.

5. Diaz Ferndndez R. [Treatment of moderate and severe hallux
valgus by performing percutaneous double osteotomy of the first
metatarsal bone]. Rev Esp Cir Ortop Traumatol. 2015;59(1):52-8.

320 J Foot Ankle. 2022;16(3):317-21

6. Ulla IRA, Fiorentini G, Paz GP. Osteotomia percutdnea de Bosch.
El paciente acepta el clavo? Andlisis clinico-funcional y resultados
a corto plazo. Rev Asoc Argent Ortop Traumatol. 2015;80:260-5.

7. Diaz Fernandez R. Use of a percutaneous osteotomy with
plate fixation in hallux valgus correction. Foot Ankle Surg.
2019;25(2):106-12.

8. Lam P, Lee M, Xing J, Di Nallo M. Percutaneous surgery for mild to
moderate hallux valgus. Foot Ankle Clin. 2016;21(3):459-77.

9. Vernois J, Redfern DJ. Percutaneous surgery for severe hallux
valgus. Foot Ankle Clin. 2016;21(3):479-93

10. Faldini C, Nanni M, Traina F, Fabbri D, Borghi R, Giannini S. Surgical
treatment of hallux valgus associated with flexible flatfoot during
growing age. Int Orthop. 2016;40(4):737-43.

1. Marrero Riverén LO, Gémez Gonzalez Y, Pefa Marrero L, Lopez
Diaz H, Gonzdlez Ustes X, Garcia Mesa NR. Application of
percutaneous surgery in the treatment of hallux. Rev Cuba Ortop
Traumatol. 2017;30(2):201-18.


https://orcid.org/0000-0003-1888-7212
https://orcid.org/0000-0003-1888-7212
https://orcid.org/0000-0002-9028-0637
https://orcid.org/0000-0002-2443-3324
https://orcid.org/0000-0001-8810-4127
https://orcid.org/0000-0001-8681-9428
https://orcid.org/0000-0002-3592-986X
https://orcid.org/0000-0003-3248-580X)

Cordeiro Neto et al. Hallux valgus and percutaneous surgery: treatment evaluation

Crespo Romero E, Pefiuela Candel R, Gomez Gémez S, Arias Arias
A, Arcas Ordofio A, Galvez Gonzalez J, et al. Percutaneous forefoot
surgery for treatment of hallux valgus deformity: an intermediate
prospective study. Musculoskelet Surg. 2017;101(2):167-72.

Crespo Romero E, Arcas Ordofio A, Pefiuela Candel R, Gdmez
Goémez S, Arias Arias A, Galvez Gonzélez J, et al. Percutaneous
hallux valgus surgery without distal metatarsal articular angle
correction. Foot Ankle Spec. 2017;10(6):502-8.

Diaz Fernandez R. Percutaneous triple and double osteotomies for
the treatment of hallux valgus. Foot Ankle Int. 2017;38(2):159-66.
Lai MC, Rikhraj IS, Woo YL, Yeo W, Ng YCS, Koo K. Clinical and
radiological outcomes comparing percutaneous Chevron-Akin
osteotomies vs open Scarf-Akin osteotomies for hallux valgus.
Foot Ankle Int. 2018;39(3):311-7.

Maniglio M, Fornaciari P, Backer H, Gautier E, Lottenbach M.
Surgical treatment of mild to severe hallux valgus deformities with
a percutaneous subcapital osteotomy combined with a lateral soft
tissue procedure. Foot Ankle Spec. 2019;12(2):138-45

20.

21.

Faour-Martin O, Martin-Ferrero MA, Valverde Garcia JA, Vega-
Castrillo A, de la Red-Gallego MA. Long-term results of the
retrocapital metatarsal percutaneous osteotomy for hallux valgus.
Int Orthop. 2013;37(9):1799-803.

Biz C, Fosser M, Dalmau-Pastor M, Corradin M, Roda MG, Aldegheri
R, et al. Functional and radiographic outcomes of hallux valgus
correction by mini-invasive surgery with Reverdin-Isham and Akin
percutaneous osteotomies: alongitudinal prospective study with a
48-month follow-up. J Orthop Surg Res. 2016;11(1):157.

Lucas y Hernandez J, Golané P, Roshan-Zamir S, Darcel V,
Chauveaux D, Laffenétre O. Treatment of moderate hallux valgus
by percutaneous, extra-articular reverse-L Chevron (PERC)
osteotomy. Bone Joint J. 2016;98-B(3):365-73.

Lee M, Walsh J, Smith MM, Ling J, Wines A, Lam P. Hallux valgus
correction comparing percutaneous Chevron/Akin (PECA) and
open Scarf/Akin osteotomies. Foot Ankle Int. 2017;38(8):838-46.
Kaufmann G, Dammerer D, Heyenbrock F, Braito M, Moertlbauer
L, Liebensteiner M. Minimally invasive versus open chevron
osteotomy for hallux valgus correction: a randomized controlled
trial. Int Orthop. 2019;43(2):343-50.

J Foot Ankle. 2022;16(3):317-21 321



DOI: https://doi.org/10.30795/jfootankle.2022.v16.1665

Technical Tips

Posterior femoral hemiepiphysiodesis for
genu recurvatum with equinus foot deformity:
a novel surgical proposal
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Abstract

Genu recurvatum is characterized as an hyperextension deformity of the knee in the sagittal plane and can be associated to structured
equinus deformity of the ankle and foot. Amongst its causes are conditions like arthrogryposis, cerebral palsy, tibial tuberosity arrest,
poliomyelitis and syndromes with generalized ligamentous hyperlaxity. The treatment of this condition can be challenging, specially
when associated with equinus of the foot and, to date, aggressive methods such as femur or tibia osteotomies are the most used for its
correction. We describe here a safe and minimally invasive technique with posterior hemiepiphysiodesis of the distal femur performed
with transphyseal screws for correction of the genu recurvatum with apex on the distal femur associated with rigid equinus of the foot
due to tarsal coalition. This technique has great potential for correcting the recurvate knee in the immature skeleton and can be an
excellent alternative to the more aggressive methods currently used for the treatment of this deformity.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Child; Knee; Joint deformities, acquired; Orthopedic procedures/methods.

bility can deform into recurvatum due to the vector resulting
from the relative posteriorization of the proximal tibia and
anteriorization of the load axis to the knee.

Introduction

Genu recurvatum is characterized as an hyperextension de-
formity of the knee in the sagittal plane. When untreated, it
is associated with short and long-term complications, such as
joint pain and early gonarthrosis, especially when associated
with ipsilateral foot deformity. In extreme cases, there may
even be anterior knee dislocation?®.

It is important to highlight that the genu recurvatum’s treat-
ment is challenging, especially when associated with structu-
red equinus of the foot. When the deformity is significant and
surgical correction is indicated, soft tissue procedures can
be used, such as quadricepsplasty™ and hamstrings lengh-

Recurvatum is an unusual deformity of the knee in children  tening®©™2, as well as osteotomies of the distal femur and pro-

and amongst its causes are conditions such as arthrogrypo-
sis“, cerebral palsy ¢7, poliomyelitis, sequelae of the tibial
tuberosity fracture®®, and some syndromes with generalized
joint hypermobility®®., When there is a structured equinus

ximal tibia with internal™ or external fixation™'® to correct
bone alignment. The aforementioned surgical procedures are
aggressive and require a long recovery time, and are subject
to risks like neurovascular injury, compartment syndrome and

deformity of the ankle and foot, the knee with joint hypermo- infections.

Study performed at the Hospital Israelita Albert Einstein, Sdo Paulo, SP, Brazil.
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Considering this scenario and searching for less aggressive
methods with excellent potential for correcting this angular
deformity, we have used the guided growth with posterior
hemiepiphysiodesis of the distal femur to correct the genu
recurvatum. In this study, we present a novel surgical technique
performed on a patient with genu recurvatum resulting from
joint hypermobility associated with structured equinus defor-
mity of the ankle. The procedure has been performed with
two cannulated transphyseal screws inserted in the posterior
portion of the distal femoral physis. The clinical and radiogra-
phical results showed significant improvement in the defor-
mity and in ankle and foot biomechanics.

Surgical Technique

The patient was positioned in horizontal dorsal decubitus.
Two 1cm longitudinal incisions were made on the anterior
face of the distal thigh, and blunt dissection was performed
through the quadriceps muscle to the anterior face of the dis-
tal femur in an area proximal to the epiphyseal disc.

Percutaneously and using fluoroscopic images in the coro-
nal and sagittal planes, two guide wires were inserted (one
for each incision) in anterior to posterior and proximal to
distal directions, crossing the distal femoral epiphyseal disc
in its posterior third, close to the subchondral edge of the
medial and lateral femoral condyles. Two 4.5mm cannulated
fully threaded screws were inserted through the guide wires,
with the tips of the screws placed completely in the distal
femoral epiphysis (Figure 1). Subcutaneous and skin sutures
were then performed.

Clinical Case

A nine-year-old patient with a unilateral 32° recurvatum
knee deformity caused by joint hypermobility associated

Figure 1. Intraoperative control of posterior hemiepiphysiodesis

of the distal femur with two cannulated screws guided by metallic
wires (A) lateral view; (B) anteroposterior view.

with fixed equinus deformity of the ankle due to tibiotarsal
and subtalar ankylosis, calcaneocuboid and talonavicular
coalition (Figures 2 and 3). Surgical treatment was perfor-
med and the patient was followed until achieving complete
correction of the deformity. Immediate weight bearing was
allowed after surgery. Every four months, the degree of the
deformity was evaluated clinically and radiographically until
its complete correction, and then the screws were removed.
The time to correct the deformity was 15 months, with a
follow-up of 23 months.

There were no perioperative complications, and there was
no recurrence of the deformity measured by the femorotibial
angle in the sagittal plane since the bone alignment of the
lower limb in the sagittal plane was corrected.

Figure 2. (A) Lateral panoramic radiograph of the left lower limb,
demonstrating genu recurvatum deformity of 320, due to joint
hypermobility. (B) Lateral panoramic radiograph of the left
lower limb, 13 months after posterior distal femoral hemiepiphy-
siodesis, correcting genu recurvatum deformity. (C) Lateral pa-
noramic radiograph 14 months after screw removal, maintening
the correction of genu recurvatum. (D) Preoperative lateral pho-
tograph of the left lower limb, demonstrating genu recurvatum
deformity. (E) Photograph after 12 months of genu recurvatum
correction.

COM CARGA

Figure 3. Radiographs in the orthostatic profile of the right and
left feet showing ankylosis of the left ankle and hindfoot.
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Discussion

The knee recurvatum, or in hyperextension (genu recurva-
tum), may have its origin in bone deformities affecting the ti-
bia or femur, neuro-orthopedic diseases®, traumatic fracture
or epiphysiodesis of the tibial tuberosity, infections, iatroge-
nic®, capsule-ligament malformations by arthrogryposis and
syndromes with joint hypermobility. The clinical characteris-
tics are posterior knee angulation, unilateral or bilateral, de-
pending on the etiology. During the patient’s walk, there may
be claudication, especially when unilateral or asymmetrical.
The orthostatic radiographic analysis with the knees in ma-
ximum extension defines the origin of the deformity (bone,
joint or mixed); it allows the angle calculation of the femo-
rotibial deformity. The association with equinus deformity of
the foot increases the deforming force at the knee level in
the sagittal plane, resulting from the load axis anterior to this
joint. The treatment of genu recurvatum depends on the clini-
cal and functional repercussions and the degree of deformity.

Arthrogryposis, an important cause of genu recurvatum, is
a condition that has existed since birth, with the rigidity of
multiple joint deformities. The clinical presentation varies,
which differentiates therapeutic options. In arthrogryposis,
knee involvement is very common (38-90% of patients with
amyoplasia), ranging from soft tissue contractions (in fle-
xion or hyperextension) with instability, subluxation, or tibial
femoral dislocation. Flexion contractures are more common
and disabling, with significant resistance to treatment and
a high recurrence rate®™. Recurvatum deformities have a
better prognosis for the ability to walk. According to the
literature, the non-surgical treatment of genu recurvatum in
arthrogryposis, with passive mobilization and orthoses, has
failed in about one-third of cases. Therefore, surgical treat-
ment is indicated when associated with the equinus defor-
mity of the foot. According to Lampasi et al./®, the most
used methods to date are quadricepsplasty and femoral
shortening-flexion osteotomies, which imply a higher com-
plication rate than the percutaneous hemiepiphysiodesis
with transphyseal screws described here.

The non-surgical treatment modalities of the genu recurva-
tum include physiotherapy, serial casting, and orthoses/,
Surgery is for cases where the deformity is more resistant
and part of the overall treatment plan, which may include
correcting foot™ and hip® deformities. Among the available
surgical options, quadricepsplasty and other soft tissue pro-
cedures can be considered. In cases of bone deformities, su-
pracondylar femur osteotomies with a posterior wedge remo-
val, aiming at the angle normalization between the diaphysis
and the intercondylar sulcus, is a surgical option described.
Another treatment option is tibial osteotomy with anterior
opening wedge, above the tibial tuberosity and with bone
graft insertion®. Osteotomies can be combined with poste-
rior capsular repair®, mainly indicated in cases where pre-
mature closure of the anterior portion of the epiphyseal disc
has occurred®,

The most commonly used surgical treatment for genu re-
curvatum is performed with distal femur or proximal tibial
osteotomies?™, However, such procedures present high mor-

324 Foot Ankle. 2022;16(3):322-5

bidity and risk of complications, demanding the search for
less invasive, safer, and effective methods.

Guided growth is a treatment method for lower limb de-
formities in the sagittal plane. Jorneau®® and Klatt et al.@®»
described knee correction in flexion with guided growth by
anterior distal femoral hemiepiphysiodesis with two plates
(eight plates).

In 2021, Stevens et al.®» described guided growth for tibial
recurvatum by posterior proximal tibial epiphysiodesis using
eight plates, obtaining excellent results. Kievit et al.®?® re-
ported a case in which genu recurvatum was a complication
of the treatment of lower limb length discrepancy through
temporary epiphysiodesis of the distal femur and proximal
tibia with eight plates. The hypothesis is that recurvatum was
caused by the very anterior positioning of the plates. Then
the recurvatum deformity was corrected with the surgical
reapproach and posterior replacement of the plates on the
distal femur.

To date, no surgical approach for treating genu recurvatum
with posterior hemiepiphysiodesis of the distal femur with
transphyseal screws has been described in the literature, as
described here.

In this study, we report the surgical treatment of genu re-
curvatum with a novel technique performed through guided
growth with the posterior hemiepiphysiodesis of the distal
femur with two screws, indicated for deformities caused by
capsule-ligament hyperextension associated with equinus
deformity of the foot. However, this treatment is not indica-
ted for situations with early closure of the anterior, femoral,
or tibial epiphyseal plate by any etiology®™. Eventually, in the-
se situations, the posterior distal femur epiphysiodesis could
only be indicated to reduce the deformity’s progression du-
ring the residual growth.

Based on the study by Metaizeau et al.®®» on the techniques
of guided growth, described for correction of deformities in
the coronal plane (varus and valgus), we used two transphy-
seal cannulated screws positioned in the sagittal plane gene-
rating provisional posterior hemiepiphysiodesis of the distal
femur to allow anterior distal femur growth, aiming to correct
the deformity in genu recurvatum. In addition, a factor asso-
ciated with genu recurvatum and equinus deformity of the
foot can also be treated by the method described herein.

It is @ minimally invasive, reversible method with a low com-
plication rate, not requiring postoperative immobilization,
and the patient can walk after the procedure and return to
normal activities. However, it is important to emphasize the
need for monitoring at short intervals to define the exact
moment of screw removal, avoiding overcorrection with de-
formity inversion.

Patients with genu recurvatum due to ligament laxity have
few options for physiotherapeutic or surgical treatment with
soft tissue repair. Osteotomy treatment is reserved when there
is great clinical involvement. The posterior hemiepiphysiode-
sis of the distal femur presented here is undoubtedly a less
aggressive surgical alternative with lower risks, showing pro-
gressive and perennial correction after screw removal.
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Conclusion

The posterior hemiepiphysiodesis of the distal femur with
transphyseal screws proved to be a safe and very useful
method for genu recurvatum deformities whose apex is
present in the femur, associated with joint hypermobility

and fixed equinus deformity of the foot. This technique

has great potential for correcting the genu recurvatum in

the immature skeleton, being an excellent alternative to

the more aggressive methods currently used to treat this
deformity.
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> The preoperative MRT-diagnostic image shows an > After 3 years, the cancellous bone graft has been
osteochondral lesion >1.5 cm? on the medial edge of the partially resorbed and the defect area is filled completely
talus. Images courtesy of Prof. Dr. Markus Walther with regenerated cartilage. In comparison to the lateral

talus, the edge on the radial side is slightly rounded.
Images courtesy of Prof. Dr. Markus Walther

To start using AMIC® Chondro-Gide®to alleviate or
prevent patient pain and slow the progression of cartilage
damage, contact your local Geistlich representative.
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