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Abstract

Introduction Arthrodesis is the “gold standard” for the treatment of stage 3-4 osteoarthritis of the first
metatarsophalangeal (MTP) joint. However, restricted movements in the joint can lead to changes
in the biomechanics of the foot overloading the adjacent joints and are accompanied by decreased activity
which is important for younger patients. The available implants of the first MTP joint have some disadvantages
and an original hemiarthroplasty of the first MTP joint was developed.

The objective was to demonstrate an original technique of hemiarthroplasty of the first MTP joint
and installation to treat stage 3—4 hallux rigidus.

Material and methods The hemiendoprosthesis is made of zirconium ceramics. The head
of the hemiendoprosthesis is made with a low profile. The cross-section of the stem has a four-bladed shape
to ensure rotational stability of the implant. The hemiendoprosthesis can be placed using specially designed
instruments. A case of a 74-year-old patient diagnosed with stage 3 osteoarthritis of the first MTP joint is
reported.

Results AOFAS Hallux scored 28 and 95, VAS scored 9 and 0 and FFI scored 112 and 6 preoperatively and
at 24 months, respectively. The range of motion in the joint (extension/flexion) measured 0°-0°-5°
preoperatively and 60°-0°-15° at 24 months. The dynamic pedobarography indicated to the physiological
distribution of pressure in the foot being restored postoperatively.

Discussion The first implants offered to replace first MTP joint were made of silicone and metal alloys and total
joint arthroplasty was associated with significant resection of bone tissue; cases of endoprosthetic instability
were reported. Hemiarthroplasty appeared to be a sparing technique. However, implants made of metal alloys
could have an aggressive effect on the opposite articular surface. Hemiarthroplasty of the first MTP joint using
a zirconium ceramic implant could minimize the risk of the complications.

Conclusion Hemiarthroplasty of the first MTP joint using an original zirconium ceramic implant was shown
to be effective for patients with stage 3—4 hallux rigidus. The technique reported can be a good alternative
to arthrodesis of MTP joint.
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INTRODUCTION

Hallux rigidus is a condition that is characterized by degenerative changes in the first
metatarsophalangeal (MTP) joint, pain and limited range of motion (ROM) in the joint. Joint-saving
techniques are used for surgical treatment of patients grade 1-2 osteoarthritis to ensure good results.
Fusion of the first metatarsophalangeal joint is the best option for cases of advanced osteoarthritis [1].
Despite its widespread use and low cost, the treatment can be associated with progressive overload
osteoarthritis of adjacent joints including the interphalangeal joint, poor outcomes in younger
patients, some limited activities. Surgical interventions aimed at preserving movements in the joint
are essential to avoid the adverse events. Original hemiarthroplasty of the first MTP joint using
a ceramic implant was developed [2].

The objective was to demonstrate an original technique of hemiarthroplasty of the first MTP joint
and installation to treat stage 3—4 hallux rigidus.

MATERIAL AND METHODS
Description of the hemiendoprosthetic implant

The hemiendoprosthesis is made of yttrium-stabilized zirconium ceramics. This material has
the best coefficient of friction and wetting, is characterized by high strength and crack resistance,
is the most gentle to the articular cartilage, bioinert and has the property of osseointegration [3-6].

The implant consists of a head and a stem. The hemiendoprosthetic head is made as a sphere and is
close to the anatomical shape of the head of the first metatarsal. The articulating surface is smooth
with roughness of Ra ~ 0.02 um corresponding to the roughness class 13 and provides optimal
characteristics of the ceramic-cartilage friction pair and high functionality over a long period of time.
The low profile of the hemiendoprosthetic head allows for minimal resection of the affected portion
of the head of the first metatarsal to ensure implant stability and preserve bone mass for revision
interventions in case of a complication. There are longitudinal and transverse grooves on the back
side of the implant head designed to increase the contact area and accelerate osseointegration.

The implant stem has a four-blade shape to ensure stable fixation of the hemiendoprosthesis
in the metaphysis of the first metatarsal due to the press-fit and an increased contact area
at the implant-bone interface. The stem roughness is Ra ~ 1.5-2.5 ym to promote optimal
ingrowth, a strong and reliable connection between the implant and body tissues. The shape
of the hemiendoprosthetic stem allows for maximum rotational stability of the implant
and minimizes the bone defect with a canal forming in the metaphysis of the metatarsal. The size
range of the hemiendoprosthesis is presented in four options, allowing surgical intervention to be
performed with different diameters of the plane of the bone sawing of the head.

Surgical procedure

The patient is in supine position. The surgical field is treated with antiseptic solutions three times.
An arthrotomy of the first MTP joint is performed using a medial approach. An oscillatory saw
is used to resect osteochondral exostoses and perform soft tissue release of the first MTP joint
and sesamoid hammock. The affected area of the articular surface of the head of the first metatarsal
is resected with an original sawing block (Fig. 1).

Genij ortopedii. 2024;30(6) 890



New technologiess

Fig. 1 Intraoperative photos showing (a) intraoperative assessment of the articular cartilage, (b) use of a sawing
template, (c) resection of the articular surface, (d) determination of the implant size using a test template,
(e, f) preparation of the canal with a compactor, (g) installation of a hemiendoprosthesis, (h) hemiendoprosthesis
placed

Amount of the head resected is essential. Based on experience with the surgical procedures,
resection to the cancellous bone tissue supplied with blood can be recommended. Installation
of a hemiendoprosthesis into the sclerotic head of the first metatarsal can result in cracking during
the formation of the channel for the stem and worse osseointegration of the implant.

A test template of the original model is placed on the osteotomy plane of the metatarsal to assess
the required size of the hemiendoprosthesis, the expected ROM in the joint and the adequate
metatarsal shortening.

If greater shortening of the metatarsal bone is necessary, the sawing block is moved proximally
and additional resection of bone tissue is produced to achieve the ROM as required. The intraoperative
ROM is deemed as a sufficient ROM in the MPT joint with extension/flexion measuring 60°-0°-15°.
Thenaguide pinis passed through the guideinthe test template. The canal for the hemiendoprosthetic
stem is prepared along using compactors of two sizes (starting and finishing). The implant is placed
press-fit using the original impactor and the ROM in the joint is re-assessed. The wound is treated
with antiseptic solutions and sutured in layers, and an aseptic bandage applied.
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Clinical instance

A 74-year-old patient reported pain in the projection of the first MTP joint of the right foot, which
intensified during physical activity, and limited ROM in the joint. The patient considered himself
sick for many years, reported negative dynamics in his condition. he complained of constant pain
for the last two years. He denied any history of injuries to the right foot. Previously, the patient had
undergone courses of conservative anti-inflammatory therapy and used custom orthopaedic insoles
with no improvement noted.

A physical examination revealed pronounced hard tissue formations in the projection of the first
MTP joint of the right foot. Palpation of the joint was painful. He had severely limited and painful
movements in the MTP joint. Preoperative ROM in the first MTP joint measured extension/flexion
of 0°-0°-5°. AP view of both feet showed pronounced osteochondral exostoses in the projection
of the joint, a significantly narrowed joint space and subchondral sclerosis.

Fig 2 Preoperative photograph
and radiography of the right
foot showing pronounced
osteochondral exostoses in
the projection of the first MTP
joint; narrowing and distorted
joint  space,  subchondral
sclerosis seen radiographically

Preoperative AOFAS Hallux scored 28, VAS scored 9, and Foot Function Index (FFI) scored 112 points.

Dynamic pedobarography indicated a pathological distribution of pressure at the gait and a decrease
in maximum pressure and force in the hindfoot. A significant increase in the maximum pressure
and force in the forefoot, high values of the maximum pressure under the heads of the 4™ and 5%
metatarsals were recorded (Fig. 3).

The patient was diagnosed with stage 3 osteoarthritis of the first MTP joint of the right foot.

Maximum pressure [kPa(r)]

Time (ms)

0 132 263 395 s27 658 790

Fig. 3 Preoperative dynamic pedobarography showing a significant increase in maximum pressure in the forefoot.
Green indexing — first metatarsal — 714 kPa, yellow indexing — second metatarsal — 586 kPa, purple indexing —
third metatarsal — 617 kPa, orange indexing — fourth metatarsal — 499 kPa
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RESULTS

The treatment options including arthrodesis of the first MTP joint were discussed with the patient.
However, the patient chose the treatment aimed at preserving the motion in the affected joint.

Surgical intervention included hemiarthroplasty of the first MTP joint of the right foot using
the technique described above. The patient was encouraged to ambulate early after the surgery
and exercise the operated MTP joint the next postoperative day. He was allowed to walk using
a Barock shoe for 1 month. The postoperative period was uneventful. The patient had no complaints
at the time of a follow-up examination at 24 months.

Postoperative scars showed no signs of inflammation (Fig. 4). Palpation in the projection of the joint
was painless. The ROM in the first MTP joint measured extension/flexion of 60°-0°-15° (Fig. 5).
The AOFAS Hallux scored 95, the VAS scored 0 and the FFI scored 6.

Fig. 4 Photograph and radiograph of the foot at Fig. 5 The ROM in the first MTP joint at 24 months
24 months showing the realigned first toe; no measured extension/flexion 60°-0°-15°
radiological signs of implant instability seen

Dynamic pedobarography produced at 24 months showed changes in the patient’s gait as compared
to the baseline. There was an increase in maximum pressure and force in the hindfoot and a decrease
in contact time and maximum pressure in the midfoot. The RMI index allowed us to conclude that
the physiological distribution of pressure in the foot restored in the postoperative period [7] (Fig. 6).
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Fig. 6 Dynamic pedobarography performed at 24 months indicated an increase in maximum pressure in the hindfoot
and a decrease in maximum pressure in the forefoot. Green Indexing — First Metatarsal — 184 kPa, Yellow
Indexing — Second Metatarsal — 356 kPa, Purple Indexing — Third Metatarsal — 503 kPa, Orange Indexing —
Fourth Metatarsal — 477 kPa
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DISCUSSION

There is a wide range of implants on the market that differ in philosophy, assembly and structure
[8]. The total arthroplasty of the first MTP joint is a conventional and one of the first options offered
for joint replacement [8]. The first and second generations of the total arthroplasty include silicone
implants that provide satisfactory long-term results despite a fairly high complication rate [9].
Implants of later generations are made of metal alloys and other materials [10]. The MTP1 joint
replacement using the ToeFit Plus system is one of the treatment alternatives. The prosthesis
is composed of a tapered, threaded, conical titanium core, which avoids any need for cement.
On the metatarsal side, a cobalt chrome metatarsal head is tapped into the titanium core
and to accommodate the proximal phalanx, a polyethylene phalangeal plate is clipped to the core.
Short-term and long-term results show the effectiveness of the system [11, 12].The ceramic toe
implant made of zirconium oxide can be used for MTP1 joint replacement. The ceramic prosthesis
offers less reliable outcomes than the "gold standard" arthrodesis and caution is advised regarding
its use for osteoarthritis of the first MTP joint. More studies including larger number of patients
with longer follow-up are needed to evaluate the long-term results of the ceramic prosthesis for MP]
replacements [13].

Total arthroplasty of the first MTP joint is associated with resection of a significant amount
of bone tissue. With unstable proximal component of the prosthesis, this may necessitate complex
osteoplastic surgical interventions aimed at replacing the bone defect of the first metatarsal bone.
Ahighincidence of instability of the distal component of theimplantisreported[11]. The complication
can occur with hemi-prostheses used at the base of the proximal phalanx of the first toe. A significant
injury to the articular cartilage on the metatarsal head can result in a poor outcome with this type
of hemi-prosthesis [14].

Hemiarthroplasty of the metatarsal head is another treatment option for hallux rigidus.
The treatment is more pathogenetically substantiated with the articular surface of the metatarsal
head being degenerative in osteoarthritis of the first metatarsophalangeal joint [15]. Another
advantage of articular surface replacement is the ability to perform decompression in the joint due
to gradual shortening of the metatarsal head bone which is used in other surgical techniques [16, 17].
HemiCAP is a common implant of this type and is available in several generations. The results
with the implant are described in the literature [18].

The aggressive effect of titanium on the opposite articular surface is a disadvantage with the implant.
Galambor et al. reported the results of histological studies performed during two revision
surgeries after hemiarthroplasty of the main phalanx of the first toe using titanium implants due
to instability [19]. The authors reported metallosis which indicated destruction of the implant.

There is also evidence in the literature about pronounced changes in the opposite articular surface
due to wear caused by the aggressive effect of the metal implant on the cartilage [14]. We have
been performing hemiarthroplasty of the first MTP joint with a ceramic implant since 2021. During
this period, more than 40 surgical interventions were performed for patients with stage 3-4 hallux
rigidus. An invention patent was received for this technology [2].
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Preoperative dynamic pedobarography indicated antalgic gait and aimed at reduction of the ROM
including extension in the first MTP joint in the sagittal plane. Restricted extension in the first
MTP joint causes an increase in maximum forefoot pressure under the first metatarsal head and
the heads of the lesser rays. These changes correspond to a “low-gear” roll, which occurs through
the oblique axis connecting the second and fifth metatarsals [20]. According to the author, the roll
is more energy-consuming, since the winch mechanism is not activated. Postoperative dynamic
pedobarography performed at the time of examination at 24 months show an increase in maximum
pressure in the hindfoot and a decrease in this parameter in the forefoot.

Restoration of the foot kinematics during the treatment of advanced hallux rigidus is still
an unresolved issue. Cheilectomy is recommended for early disease to restore the natural roll
of the foot [21]. The physiological roll of the foot cannot be restore in advanced stages of the disease.
The main goal is to reduce resistance in the first metatarsal joint during forefoot roll. In this case,
the maximum pressure under the head of the first metatarsal decreases, a relatively high load
on the minor rays remains, and the load vector of the foot lateralizes. These changes are observed
regardless of the treatment method, are compensated by the body and do not cause discomfort
or pain in the postoperative period [22, 23, 24].

A succession of correction of the concomitant forefoot deformity and hemiarthroplasty of the head
of the first metatarsal bone is important. In our opinion, the best results can be achieved in stages:
anatomical realignment and deformity correction are to be produced first, and the affected articular
surface can be replaced as the second step. This is justified by different approaches to postoperative
rehabilitation. A protective regime for the forefoot is to be observed in the case of osteotomies.
Isolated hemiarthroplasty allows for early ambulation and early exercising. The practice described
allows you to achieve the best clinical results.

CONCLUSION

Hemiarthroplasty of the first metatarsophalangeal joint using a ceramic implant of an original
design was shown to be an effective and reproducible surgical treatment of patients with stage 3—4
hallux rigidus. The functional results indicated the technique as a good alternative to arthrodesis of
the first MTP joint.
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