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Abstract

First metatarsophalangeal joint (MTP]) arthrodesis is a powerful surgical option for treat-
ment of hallux rigidus, hallux valgus, and revisional first MTP] surgery. Joint arthroplasty
serves as an alternative to arthrodesis for patients who want to preserve joint motion.
However, joint arthroplasty has a high rate of failure and can lead to significant bone loss,
which makes revisional surgery more challenging. In this study, we present the use of a
calcaneal bone block allograft and bone marrow aspirate for fusion of a first MTPJ] with
a previously failed joint implant. Radiographic fusion was achieved after 6 weeks and
ambulation has remained pain-free at 1 year follow-up.
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1. Introduction

Hallux rigidus is a degenerative condition leading to stiffness and pain in the first
MTP], often caused by osteoarthritis [1,2]. It is one of the most common arthritic conditions
affecting the foot and can significantly impair gait and daily activities [3]. Conservative
treatment options, including orthotics, anti-inflammatory medications, and intra-articular
injections, may provide temporary relief, but surgical intervention is frequently required in
advanced cases [4,5].

Surgical options for hallux rigidus include joint-preserving procedures, such as cheilec-
tomy or interpositional arthroplasty, and joint-sacrificing procedures, such as arthrodesis
or joint replacement [6]. While first MTP] arthroplasty has been utilized to maintain joint
motion, implant survival rates are variable, with some studies reporting high failure rates
due to implant loosening, subsidence, and osteolysis [7,8]. When an implant fails, revision
surgery is often necessary, and arthrodesis remains the gold standard for restoring function
and pain relief [9].

In cases where significant bone loss has occurred due to implant failure, bone block
arthrodesis is a valuable technique to restore first ray length and maintain biomechanical
integrity [10]. Various grafting options exist, including autografts from the iliac crest
or distal tibia, as well as allografts [10]. Calcaneal allografts provide a structural and
biologically viable alternative with minimal donor-site morbidity [11]. In this study, we
report a case of a patient who had a failed first MTPJ arthroplasty, which was successfully
revised using a calcaneal bone allograft and bone marrow aspirate to fuse the first MTP].
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2. Case Report

A 76 year old female presented to our institution complaining of pain to the right
first MTPJ for over a year that had been progressively getting worse. The patient had a
past medical history of arthritis, hypertension, and hypothyroidism. The patient had a
past surgical history of a right foot first MTPJ] implant arthroplasty 20 years prior. The
previous implant was a total silastic first MTPJ implant. On physical exam, the patient’s
BMI was 32.2, protective sensation was intact, and pedal pulses were palpable bilaterally.
On musculoskeletal exam, there was less than 20 degrees of dorsiflexion and 15 degrees
of plantarflexion, with pain throughout range of motion. The patient also complained of
painful 2nd and 3rd digit hammertoes, which were non-reducible with a Kelekian push-
up test on physical exam. Radiographs revealed a first MTPJ] implant with component
subsidence, decreased joint space, and a shortened first ray (Figure 1). The patient had
failed conservative treatment, which included custom orthotics, changes in shoe gear, and
physical therapy. As a result, the patient elected to proceed with surgical intervention.

Figure 1. Pre-operative radiographs of painful right foot with 1st MTP] implant and notable compo-
nent subsidence.

3. Operative Technique and Post-Operative Follow-Up

Surgery was performed under intravenous sedation with local block in the supine
position. A bone marrow aspirate was acquired from the ipsilateral calcaneal body prior to
inflating the thigh tourniquet to 300 mmHg. Next, an 8 cm dorsal linear incision was made
medial to the extensor hallucis longus. The incision was deepened to the first MPJ] implant,
where periprosthetic osteolysis of the first phalanx base and first metatarsal head were
noted. The implant was removed in its entirety resulting in a segmental bony deficit. Next,
the first MPT] was prepped for fusion by using a sagittal saw to perform perpendicular
osteotomies of the first metatarsal and proximal phalanx to allow complete apposition
with the block allograft. Also, the bone was fenestrated with a 2.0 mm drill-bit to increase
total surface area of bleeding cancellous bone. A 10.5 mm calcaneal bone block allograft
which had been soaked in the acquired bone marrow aspirate was then fitted into the first
MTP]J. The first MTPJ was placed in 10 degrees of dorsiflexion, 5 degrees of valgus, and
neutral rotation in the frontal plane. Excessive dorsiflexion and valgus was avoided to
prevent instability of the allograft while still allowing for adequate toe-off during gait. The
allograft was then permanently fixated with a dorsal locking plate (Figure 2). The patient
also underwent a standard hammertoe correction of the 2nd and 3rd toes. All alignment
and final fixations were confirmed under intra-operative fluoroscopy.
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Figure 2. Intra-operative radiograph of final 1st MTP] bone block arthrodesis.

The patient was non-weightbearing for 4 weeks at which time the k-wires from
the hammertoes were removed and the patient was transitioned to weightbearing as
tolerated (WBAT) in a CAM boot. Post-operative radiographs 6 weeks after surgery
revealed adequate callus formation across the first MTP] fusion site, and the patient was
allowed to transition to WBAT in supportive shoe gear (Figure 3). No complications such as
infection, wound dehiscence, or non-union were noted during follow-up. Prior to surgery,
the patient reported her right foot pain to be a 5 out of 10 on the visual analog scale of pain.
At 1 year follow-up, the patient reported 0 out of 10 pain to the right foot. The patient also
reported being able to resume her baseline physical activity, which involved walking and
strength training.

Figure 3. Post-operative radiographs 6 weeks after surgery showing union across the 1st MTP]J allograft.
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4. Discussion

Implant arthroplasty, while preserving joint motion, has shown inconsistent long-term
outcomes, with some studies reporting implant survival rates as low as 68% at nine years [7].
Brewster et al. performed a systematic review that highlighted that arthrodesis achieves
better functional outcomes than total joint replacement [12]. In cases of failed implant
arthroplasty, restoration of first ray length is critical for maintaining proper forefoot biome-
chanics. The use of a structural calcaneal allograft in this case provided a stable scaffold
for fusion while minimizing donor-site morbidity associated with iliac crest or calcaneal
autografts. In a study comparing mesenchymal stem cell allograft vs. autograft fusion
rates, there was no statistically significant difference between union rates, and average
radiographic fusion rates were 6.52 weeks for autograft vs. 6.53 weeks for allografts [13].

In cases where the bone defect is larger or there are concerns for infection, the use
of the Masquelet technique with an antibiotic spacer has shown high first MTP]J fusion
rates [14]. Liu et al. described the use of Masquelet technique for 11 patients with bone
defects secondary to gout. Patients had bone defects ranging from 3-6 cm, which were
filled with a vancomycin antibiotic spacer. Two months after the initial procedure, the
antibiotic spacer was removed while keeping the induced membrane intact. An iliac crest
bone block allograft was then implanted into the deficit and fixated with a dorsal locking
plate. All 11 patients achieved boney healing at an average time of 3 months [15]. In this
case where the defect size was smaller, adequate fusion was achieved without the need
for a two-stage procedure. Radiographic union was noted at 6 weeks, and the patient has
remained pain-free after one year of follow-up.

5. Conclusions

Calcaneal bone block arthrodesis is an effective salvage procedure for failed first MTP]
implants, offering reliable fusion and improved functional outcomes. The use of structural
allografts allows for the restoration of first ray length while avoiding donor-site morbidity
associated with autografts. This technique provides a durable and biomechanically sound
solution for patients with severe bone loss and deformity following implant failure. Future
studies with larger sample sizes and long-term follow-up are needed to further evaluate
the efficacy and complication rates associated with this approach.
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