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ABSTRACT

Checkrein deformity of the hallux is commonly characterized by rigid flexion of the interphalangeal joint in ankle dorsiflexion but with
flexibility in ankle plantarflexion which can be named as flexion checkrein deformity and as rare condition, extension checkrein defor-
mity, characterized by rigid extension of the first metatarsophalangeal joint in ankle plantarflexion and flexibility in ankle dorsiflexion,
has been reported. However, there has not reported coexistence of flexion and extension checkrein deformity. The patient, a 27-year-old
male, was referred to our department 3 years after tibial and fibular fractures which was treated by open reduction and internal fixation
at a previous hospital. His chief complaint was pain and impaired plantarflexion of the affected great toe. The diagnosis was double check-
rein deformity characterized by simultaneous rigidity in both flexion and extension of the hallux due to the adhesion of the flexor hallucis
longus (FHL) muscle and the extensor hallucis longus (EHL) tendon after a fracture. Surgical intervention was performed, which involved
the transection of the FHL tendon using hindfoot endoscopy and transfer of the EHL to the extensor digitorum longus, resulting in a suc-
cessful outcome with no postoperative complications. The patient demonstrated a favorable prognosis 2 years after the procedure. This
report represents the first documented case of double checkrein deformity and underscores the importance of considering this condition

and the potential advantages of surgical intervention.

Introduction

Checkrein deformity of the hallux is characterized
by rigid flexion of the interphalangeal joint in ankle
dorsiflexion but with flexibility in ankle plantarflex-
ion." This type of deformity is often caused by adhe-
sion of the flexor hallucis longus (FHL) muscle or
tendon due to traumatic fractures of the lower leg
or foot, vascularized fibular grafting, or deep poste-
rior compartment syndrome.™ Surgical intervention
to correct this type of deformity typically involves
FHL tendon lengthening or release of adhesions.
However, it may also be associated with surgical com-
plications such as recurrence of the deformity and
wound dehiscence.’

In rare instances, extension checkrein deformity is
characterized by rigid extension of the first metatar-
sophalangeal joint in ankle plantarflexion and flex-
ibility in ankle dorsiflexion. However, the coexistence
of flexion and extension checkrein deformity has
been reported due to adhesion of the extensor hallu-
cis longus (EHL) muscle or tendon.*® This deformity
is often caused by trauma or anterior compartment
syndrome.™®

To the best of our knowledge, there have been no pre-
vious reports of a double checkrein deformity, charac-
terized by both flexion and extension deformities. We
present a case of such a deformity and describe the
successful surgical intervention and favorable prog-
nosis achieved through concomitant tendon surgery.

Case presentation

A 27-year-old man presented to our department with
a 3-year history of pain and restricted movement in
his right great toe. He had a history of a motorcycle
traffic accident, which resulted in tibial plateau (AO:
41B1 Split), shaft (AO: 42C3 Fragmentary segmental),
and fibular shaft (AO: 4F2B Wedge) fractures. He
underwent open reduction and internal fixation at a
previous hospital. For the tibial plateau and shaft frac-
tures, fixation using 2 screws and an interlocking nail
was performed respectively, and no fixation was per-
formed for the fibular shaft fracture. According to his
medical records, there was no excessive swelling or
apparent symptoms of compartment syndrome, vas-
cular, and neurological disturbance. Six weeks after
the surgery, partial weight-bearing was allowed, and
he experienced pain in the right great toe when walk-
ing and restricted movement of the ankle and great
toe. He could achieve full weight-bearing 12 weeks
after surgery; however, the symptoms continued.
Complete consolidation of fractures was confirmed
by radiographs 15 months after surgery. The previous
physician explained that the symptoms might spon-
taneously resolve at some point after surgery, but the
patient reported persistent pain and limited mobility
in the right great toe when walking. He was referred
to our department 3 years after the initial surgery for
further management.

On physical examination, the right great toe was rig-
idly flexed in ankle dorsiflexion and rigidly extended
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Figure 1. Preoperative photographs showing the great toe rigidly flexed in ankle
dorsiflexion (A) and extended in ankle plantarflexion (B).

in ankle plantarflexion (Figure 1). The range of motion (ROM) in
the right ankle was restricted (right/left: dorsiflexion 10/25 degrees,
plantarflexion 35/45 degrees). However, there was no restriction in
the ROM of the great toe with the ankle in a neutral position or in the
lesser toes with the ankle in any position. Extension of the lesser toes
was normal (grade 5 on manual muscle testing). Plain radiographs of
the right leg showed bony union of the right tibia-fibular fractures
but no abnormal signs in the bones of the foot (Figure 2). Magnetic
resonance imaging revealed the disappearance of the EHL tendon at
the tibia-fibular fracture site, and there was significant FHL muscle
scarring over the muscle bellies (Figure 3). Ultrasonographic exami-
nation showed no adhesion of the EHL tendon in the foot, but the
tendon did not move at the level of the ankle joint in plantarflexion;
however, adequate gliding of the extensor digitorum longus (EDL)
tendon was confirmed. Similarly, gliding of the FHL tendon was not
confirmed in the ankle joint in dorsiflexion, but this adhesion was
relieved with the ankle in the neutral position. Our diagnosis was
double checkrein deformity due to EHL and FHL adhesion second-
ary to tibia-fibular fracture. Given that the EHL and FHL muscles

HIGHLIGHTS

Checkrein deformity, acquired clawing of the toes, may be due to contracture
of the muscles of the deep posterior compartment of the leg after a subclinical
compartment syndrome.

+  There have been no reports of a double checkrein deformity, characterized by
both flexion and extension deformities.

+  The presented case underwent transection of the FHL tendon and transfer of
the EHL to the EDL tendon, and was able to remove the deformity.

This report underscores the importance of considering this condition and the
potential advantages of surgical intervention.
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Figure 2. Anteroposterior (A) and lateral (B) radiographs of the right leg at 3 years
after initial surgery showing bony union of right tibia-fibula fractures.

were an insufficient power source, we opted for tendon transfer of
the EHL to the EDL and FHL tendon transection.

The surgery was performed using a pneumatic tourniquet inflated to
280 mmHg under general anesthesia with the patient in the prone
position. First, 2-portal hindfoot endoscopy was performed according
to the method described by van Dijk et al,” and fatty tissue in front
of the Achilles tendon was resected with a motorized shaver. After
identifying the FHL tendon, passive ROM of the great toe confirmed
that the FHL tendon did not glide in ankle dorsiflexion, and it was
resected with micro-scissors via hindfoot endoscopy (Figure 4). After

Figure 3. Preoperative magnetic resonance imaging. (A) The axial image at the level
of the tibial fracture site showed the tibialis anterior tendon (white arrowhead) and
the extensor digitorum longus (EDL) tendon (white arrow); however, the extensor
hallucis longus (EHL) tendon was not confirmed. (B) The axial image at the level of
the ankle joint showed the flexor hallucis longus (FHL) muscle (white asterisk) with
significant signal change.
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Figure 4. Hindfoot endoscopic images showing the FHL tendon. (A) No gliding of the FHL tendon was confirmed during ankle passive motion. (B) The FHL tendon was
resected with micro-scissors via hindfoot endoscopy. (C) After the FHL tendon transection, each proximal and distal stump was pulled proximally and distally.

Figure 5. Intraoperative photographs of the tendon transfer procedure. Black arrowhead showing the EHL tendon and black arrow showing the EDL tendon. (A) The EHL
tendon and the EDL tendon were exposed through an anterior approach. (B) The EHL tendon was transected at the level of the ankle joint. (C) The distal stump of the

transected EHL tendon was transferred to the EDL in an interlacing manner.

FHL tendon transection, flexibility of the great toe in ankle dorsiflex-
ion was achieved, and the patient was then switched to the supine
position. The center of the lesser half of the extensor retinaculum
was sharply split, and the EHL tendon was exposed via an anterior
approach. In ankle plantarflexion, there was no gliding of the EHL
tendon by passive motion of the great toe. A raspatory was inserted
through a skin incision proximally to release the adhesion of the EHL
muscle belly; however, complete release was impossible. The EHL
tendon was transected at the level of the ankle joint and was trans-
ferred to the EDL in an interlacing manner with both the ankle and
great toe in the neutral position (Figure 5).

Postoperatively, a posterior splint was applied with both the foot and
ankle in the neutral position for 4 weeks, and active ROM exercise

Figure 6. Postoperative photographs showing complete resolution of the double
checkrein deformity.

of the toe and ankle joint was allowed after splint removal. Partial
weight-bearing was allowed at 6 weeks after surgery and full weight-
bearing at 12 weeks. There were no wound or neurovascular com-
plications. At 2 years after surgery, the patient had no restriction
in activities of daily living and the double checkrein deformity had
completely resolved (Figure 6).

The patient gave informed consent for data concerning his case to be
submitted for publication.

Discussion

Double checkrein deformity is not previously defined in the litera-
ture. Based on the outcome of the presented case, we can argue that
treating only the FHL or EHL tendon in isolation is likely to result in
treatment failure.

Several cases of extension checkrein deformity have been
reported.”® In 2003, Leung et al reported a case due to anterior
compartment syndrome after a tibial fracture. Initially, EHL tendon
lengthening was performed approximately 11 months after injury,
but the deformity recurred 3 months after surgery, and EHL tendon
transfer to the EDL tendon was performed as revision surgery.” In
2007, Sharma et al described a case of extension checkrein defor-
mity following a triplane fracture.® The fracture was treated con-
servatively by manipulative reduction and cast immobilization, and
persisting checkrein deformity due to EHL tendon entrapment was
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treated by tendon lengthening 6 months after the initial injury with
a good prognosis. In 2010, Kim and Kim reported a case of arte-
riovenous malformation infiltrating the EHL tendon, which showed
extension checkrein deformity that was treated by tendon grafting.’
In this report, the event was at the level of the ankle joint, and dam-
age to the EHL tendon was the cause of the extension checkrein
deformity. Tendon grafting and tendon lengthening seem to be suf-
ficient in these cases because the FHL muscle belly was kept intact.
In 2014, Kurashige et al reported a case of extensor checkrein defor-
mity due to hypotrophy of the EHL muscle belly after a tibial shaft
fracture, which was treated by osteosynthesis using a locking plate.®
In their case, the cause of extension checkrein deformity was con-
sidered to be partial anterior compartment syndrome; EHL tendon
transfer to the EDL tendon was applied and a good surgical outcome
was achieved. This report recommended EHL tendon transfer to the
EDL tendon in cases where the cause of extensor checkrein defor-
mity was injury to the EHL muscle belly. Because the EHL muscle
belly was evaluated to be nonfunctional by preoperative MRI find-
ings and intraoperative findings, we opted for the tendon transfer
for extensor checkrein deformity in our case and achieved a good
outcome.

For cases of flexion checkrein deformity, on the other hand, FHL
tendon lengthening with or without release of adhesion has been
reported as the main surgical management.! Lee et al reported
surgical outcomes in 8 patients with flexor checkrein deformity.*
FHL tendon lengthening with or without flexor digitorum longus
(FDL) tendon lengthening via a retromalleolar approach achieved
full correction of the deformity without recurrence in all cases. Lee
et al performed FHL tendon lengthening via two approaches for
flexor checkrein deformity.’ In total, 6 of their 11 patients under-
went tendon lengthening via a midfoot approach, and the remain-
ing 5 patients underwent the same procedure at the injured part
above the ankle joint with release of adhesion. Partial or complete
recurrence of the deformity occurred in 3 patients who underwent
the procedure at the injured part above the ankle joint, whereas
6 patients who underwent the midfoot approach had no compli-
cations. As a result, the authors recommended using the midfoot
approach for FHL tendon lengthening. Nevertheless, it is doubtful
that the strength of flexion of the hallux IP joint will be recovered
following FHL tendon lengthening because the hypotrophic muscle
belly due to adhesion to the bone secondary to lower leg trauma or
muscle belly ischemia due to compartment syndrome may not be
a sufficient power source for the affected great toe. Anatomically,
the FHL tendon connects to the FDL tendon in the plantar aspect
of the foot, a phenomenon known as tendinous connection, so the
FDL muscle can be a power source for flexion of the hallux IP joint
by transmitting its contraction force to the FHL tendon via the ten-
dinous connection when there is dysfunction of the FHL muscle.
Smooth motion of the hallux IP joint after tendon lengthening, as
reported in the literature, may be achieved by release of the fixed
length phenomenon of the FHL tendon through tendon lengthen-
ing, in which case less invasive tenotomy seems to be more effective.
An endoscopic tenotomy procedure of the FHL tendon for flexion
checkrein deformity was reported by Mudarra as a case report in
2023. They indicated this procedure for a 61-year-old patient with
complete functional recovery and absence of recurrence after 2
years of evaluation.*

In the present case, 2-portal hindfoot endoscopic surgery was indi-
cated for tenotomy of the FHL tendon. This procedure was first
introduced in 2000 by van Dijk et al for treating posterior ankle

pathology,” and since then many foot and ankle surgeons have
reported the effectiveness of this procedure for posterior ankle
impingement syndrome or subtalar osteoarthritis.®!* Tenotomy via
an endoscopic procedure has made it possible to achieve correction
of the deformity and recover hallux IP ROM less invasively than by
traditional open tendon lengthening. Lever et al. examined postop-
erative strength of the hallux after transtendinous FHL transfer for
chronic Achilles tendon rupture in 20 patients.” They found that
flexion strength of the hallux IP joint in the operated side was 40%
weaker compared with the non-operated side, although none of the
patients reported problems with the hallux in the operated side. In
fact, in the present case, flexion strength of the hallux IP joint was
grade 5 on manual muscle testing with no disturbance even after
endoscopic FHL tenotomy, possibly due to power transferred from
the FDL muscle via the tendinous connection.

Conclusion

To our knowledge, this is the first report of a case of double checkrein
deformity. Although this deformity comprises a complex pathology,
good surgical outcomes can be achieved with appropriate preopera-
tive planning based on anatomical knowledge and detailed examina-
tion to detect relevant physical and radiological findings.
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