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DISCLAIMER/INSTRUCTIONS FOR USE

This policy contains information which is clinical in nature. The policy is not medical advice. The
information in this policy is used by Wellmark to make determinations whether medical treatment
is covered under the terms of a Wellmark member's health benefit plan. Physicians and other
health care providers are responsible for medical advice and treatment. If you have specific health
care needs, you should consult an appropriate health care professional. If you would like to
request an accessible version of this document, please contact customer service at 800-524-9242.

Benefit determinations are based on the applicable contract language in effect at the time the
services were rendered. Exclusions, limitations, or exceptions may apply. Benefits may vary
based on contract, and individual member benefits must be verified. Wellmark determines medical
necessity only if the benefit exists and no contract exclusions are applicable. This medical policy
may not apply to FEP. Benefits are determined by the Federal Employee Program.

This Medical Policy document describes the status of medical technology at the time the
document was developed. Since that time, new technology may have emerged, or new medical
literature may have been published. This Medical Policy will be reviewed regularly and updated as
scientific and medical literature becomes available; therefore, policies are subject to change
without notice.

Summary

Description

Primary first metatarsophalangeal (MTP) arthrodesis has been considered the most reliable surgical
option for advanced osteoarthritis of the great toe. Implants have been proposed as an alternative to
fusion for hallux limitus or hallux rigidus in the first MTP joint to reduce pain, improve function and
maintain joint motion, but allow for the option of fusion if needed.

Summary of Evidence

For individuals who have advanced first MTP joint OA who receive hemiarthroplasty, the evidence
includes systematic reviews of case series and comparative cohort studies. Relevant outcomes are
symptoms, functional outcomes, quality of life, and treatment-related morbidity. Six comparative cohort
studies were identified, 4 of which examined the BioPro. The systematic reviews of these studies indicate
that revision rates for hemiarthroplasty are around 12 to 15% due to continued pain, compared to 16%
implant removal with arthrodesis due to continued pain and less than 10% incidence of non-union or
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delayed union. Although arthrodesis is superior in pain reduction, hemiarthroplasty could be considered a
suitable alternative for patients performing activities that require motion in the first MTP joint. Investigators
have also reported that appropriate patient selection is critical. Patients who are lightly active, have no
severe valgus deformities, and wish to maintain joint range of motion have the best outcomes. There
have been no major safety signals with hemiarthroplasty implants. The evidence is sufficient to determine
that the technology results in an improvement in the net health outcome.

For individuals who have advanced first MTP joint OA who receive total joint implants, the evidence
includes systematic reviews of case series and 1 randomized controlled trial (RCT). Relevant outcomes
are symptoms, functional outcomes, quality of life, and treatment-related morbidity. There is limited data
on most implant designs on the market. However, studies have shown a high incidence of failure of the
press fit Moje ceramic implant. Investigators do not recommend the Toefit-Plus due to a high rate of
complications and the METIS prosthesis had 24.2% secondary surgeries in one report. Loosening of the
total joint prosthesis was observed in 93% of patients with the Bio-Action. Of the modular implants, the
ROTOglide appears to have the best reported outcomes in the long-term. Additional comparative studies
are needed. More recent silastic models have better outcomes than earlier silastic implants, which had a
high rate of failure, but long-term data on the newer implants is lacking. Some of the implants in current
use have no published results. Overall, arthrodesis results in better outcomes that total joint arthroplasty,
failure rates of total joint implants are high, and conversion from a failed total joint to arthrodesis is
challenging due to loss of bone. The evidence is insufficient to determine that the technology results in an
improvement in the net health outcome.

For individuals who have advanced first MTP joint OA who receive synthetic cartilage implants, the
evidence includes systematic reviews, RCTs, observational studies and case series. Relevant outcomes
are symptoms, functional outcomes, quality of life, and treatment-related morbidity. Results at 2 years
from the pivotal non-inferiority trial of the Cartiva implant showed pain scores that were slightly worse
compared to patients treated with arthrodesis and similar outcomes between the groups for ADL and
sports. In a non-inferiority trial, some benefit should be observed to justify the non-inferiority margin.
However, the benefit of Cartiva with respect to increased range of motion does not appear to translate to
improved ADL, sports activities, or patient report of well-being compared to arthrodesis. In addition, the
Cartiva group showed a higher rate of adverse outcomes (Moderate Difficulty, Extreme Difficulty, and
Unable to Do) compared to the arthrodesis group for walking for 15 min (16% vs. 0%), Up Stairs (6% vs.
0%) and Squats (19% vs. 8%). Some bias in favor of the novel motion preserving implant was also
possible, as suggested by the high dropout rate in the arthrodesis group after randomization. Five-year
follow-up of both the randomized and run-in patients who received an implant was reported in 2018 for
135 of 152 patients. At this time point, 15% of implants had been removed with conversion to arthrodesis.
There are additional safety signals in an independent study reported by Cassinelli et al. (2019) and An et
al. (2019). In those reports, 30% of patients underwent magnetic resonance imaging due to pain, 20%
had additional surgery and 38% were unsatisfied or very unsatisfied. A review of the MAUDE database
found that Cartiva accounted for one-fourth of the implant-related adverse events during the study period.
Further long-term study of potential adverse events with this novel technology is needed. In addition,
comparison to arthrodesis at long-term follow-up is needed to determine whether the implant improves
function. The evidence is insufficient to determine that the technology results in an improvement in the net
health outcome.

Additional Information
Not Applicable
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OBJECTIVE

The objective of this evidence review is to evaluate whether commercially available implants improve
health outcomes in individuals with metatarsophalangeal joint pain due to osteoarthritis.

PRIOR APPROVAL

Not applicable

POLICY

Medically Necessary
Hemiarthroplasty (metatarsal or phalangeal based) of the first metatarsophalangeal (MTP) joint with
metallic implants (i.e., AnaToemic, BioPro, HemiCAP, HemiEDGE, LTP Great Toe Implant) is considered
medically necessary as an alternative to arthrodesis when all of the following criteria have been met:
e persistent severe disabling symptoms from osteoarthritis (hallux rigidus) of the first MTP joint;
and
o failure of conservative medical management (see policy guidelines for recommended
conservative care)

Investigational
Partial or total replacement of the first MTP joint is considered investigational for all other implant types,
including but not limited to the following because the evidence is insufficient to determine that the
technology results in an improvement in the net health outcome.
e bioabsorbable poly-L-D-lactic Acid (e.g., RegJoint Inter-Positional Implant)
e ceramic implants (e.g., Moje prosthesis)
e personalized (i.e., customized, patient-specific 3D printed) implants
o silastic implants (e.g., GAIT Implant, Swanson Flexible Hinged Toe, In2Bones RTS, Futura
Primus flexible great toe)
o synthetic cartilage implants (e.g., Cartiva Synthetic Cartilage Implant, BioPoly)
e three component modular prosthesis (e.g., Metis Prosthesis, ReFlexion 1t MTP Implant System,
Toefit-plus, ToeMotion used with/without the HemiCAP)

The use of commercially available implants is considered investigational for all other indications not
meeting the above criteria because the evidence is insufficient to determine the technology results in an
improvement in the net health outcomes.

POLICY GUIDELINES

Conservative Care Failure
Failure of conservative medical management is defined as persistent pain despite a reasonable trial of all
of the following conservative treatment including:

1. Orthotics and/or shoe inserts and modified footwear; and

2. Medical therapy (NSAIDs, acetaminophen or intra-articular injections); and

3. Activity modification; and

4. Debridement of hyperkeratotic lesions if present.

Coding

See the Codes table for details.
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BACKGROUND

Articular Cartilage Damage

Articular cartilage damage may present as focal lesions or as more diffuse osteoarthritis (OA). Cartilage is
a biological hydrogel that is comprised mostly of water with collagen and glycosaminoglycans and does
not typically heal on its own. OA or focal articular cartilage lesions can be associated with substantial
pain, loss of function, and disability. OA is the most common cause of lower-limb disability in adults over
age 50 and is most frequently observed in the knees, hips, interphalangeal joints, and first
metatarsophalangeal (MTP) joint. OA of the MTP joint with loss of motion (hallux limitus or hallux rigidus)
can be severely disabling due to pain in the “toe-off’ position of gait. An epidemiologic study found that
OA of the first MTP joint may be present in as many as 1 in 40 people over the age of 50.

Hallux limitus is a term used to describe limited motion in the MTP joint. Hallux rigidus, a state in which
the ability to move the MPT is lost or severely restricted, is considered by many to be the end (severe)
stage of hallux limitus. Hallux rigidus usually involves erosion of the MTP joint cartilage. Bone spurs, or
overgrowth, may develop with hallux rigidus and act as a mechanical block to motion and cause pain.

Treatment

Conservative treatment options for hallux limitus and rigidus may include methods to reduce inflammation
and pain, including rest, anti-inflammatory medications, and icing. Early-stage OA of the first MTP joint is
typically treated with conservative management, including pain medication and change in footwear.
Failure of conservative management in individuals with advanced osteoarthritis of the MTP joint may be
treated surgically. Cheilectomy (removal of bone osteophytes) and interpositional spacers with autograft
or allograft have been used as temporary measures to relieve pain.

MTP arthrodesis (joint fusion) is considered the most reliable and primary surgical option. Arthrodesis can
lead to a pain-free foot, but the loss of mobility in the MTP joint alters gait, may restrict participation in
running and other sports, and limits footwear options, leading to patient dissatisfaction. Transfer of stress
and arthritis in an adjacent joint may also develop over time.

Because of the limitations of MTP arthrodesis, alternative treatments that preserve joint motion are being
explored. Implants have been proposed as an alternative to fusion for hallux limitus or hallux rigidus in the
first MTP joint to reduce pain, improve function and maintain joint motion, and allow for the option of
fusion if needed. However, complications from bone loss, loosening, wear debris, implant fragmentation,
and transfer metatarsalgia are not uncommon. In addition, the conversion of a failed joint replacement to
arthrodesis has greater complications and worse functional results than a primary arthrodesis.

Joint resurfacing and synthetic cartilage implants have also been investigated as a means to reduce pain
and improve function in patients with hallux rigidus. Synthetic polyvinyl alcohol (PVA) hydrogels have
water content and biomechanical properties similar to cartilage and they are biocompatible. PVA
hydrogels have been used in a variety of medical products including soft contact lens, artificial tears,
hydrophilic nerve guides, and tissue adhesion barriers. This material is being evaluated for cartilage
replacement due to the rubber elastic properties and, depending on the manufacturing process, high
tensile strength and compressibility.

Regulatory Status

Numerous prostheses fabricated from various components including metal (e.g., Titanium), acrylic,
silastic, and metal alloys, have received FDA approval as Class Il devices through the 510(k) process.
Please note the following table is not intended to be all inclusive.
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Table 1. Devices Cleared by the FDA

Implant

AnaToemic®
1st MTP Hemi
Implant

Bioabsorbable
Poly-L-D-
Lactic Acid
RegJoint™
Inter-
Positional

Cartiva
Synthetic
Cartilage

GAIT Implant

HemiCAP®
Toe
Contoured
Articular
Prosthetic
Implant
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Manufacturer

Arthrex

Scaffdex

Wright Medical,
now Stryker

Sgarlato® Labs
Inc

Arthrosurface,
Inc.

Description

The AnaToemic® Phalangeal
Hemi-Prosthesis, also known as,
Arthrex metatarsal phalangeal
joint implant

The implant provides temporary
support to the joint, and the
implant is subsequently replaced
by the patient's own tissue.

The Cartiva implant is an 8- to
10-mm polyvinyl alcohol (PVA)
disc.

The GAIT Implant is designed for
replacement of the first
metatarsophalangeal joint. The
prosthesis is constructed of
medical grade silicone elastomer
and is available in three sizes:
small, medium and large.

The implant consists of a metallic
articular resurfacing component
mounted on a taper post.

Approval

Approved in 2007 as that is
intended to be used in patients
with hallux limitus, hallux valgus,
hallux rigidus, arthritic
degradation of the metatarso-
phalangeal joint, degenerative
arthritis, rheumatoid arthritis and
bunion deformity associated with
arthritis of the metatarsal -
phalangeal joint.

Approved in 2016 and is
indicated for use in the treatment
of patients with painful
degenerative or post-traumatic
arthritis (hallux limitus or hallux
rigidus) in the first
metatarsophalangeal joint with
or without the presence of mild
hallux valgus. FDA product code:
PNW.

The GAIT implant was approved
by the FDA in 2019. Itis
reserved for Class 3 type
degeneration of the first
metatarsophalangeal joint with
narrowing of the joint space, loss
of the joint cartilage, bony
spurring surrounding the joint
space and a painful ROM of the
first MTP joint, both with rotation
and walking.

The HemiCAP® implant was
approved by the FDA in 2013. It
is indicated for the following
critical conditions: hallux valgus
or hallux limitus, hallux rigidus,
and an unstable or painful
metatarsal/ phalangeal (MTP)
joint.



Implant

METIS®
Prosthesis

Moje Ceramic
Implant

Primus Great
Toe Implant

ReFlexion 1st
MTP Implant
System

Swanson
Flexible Hinge
Toe

Toefit-Plus™
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Manufacturer

Orthosonics,
Ltd.

OsteoMed

Wright
Medical®
Technology Inc

Smith &
Nephew

Description

The prosthesis consists of three
components: metatarsal (cobalt-
chromium alloy), phalangeal
(titanium), and a third-generation
interposition component
composed of polyethylene.

The Moje press-fit implant is a 2-
component ceramic prosthesis
coated with apatite and fosterite
crystals (Bioverit).

The Primus Flexible Great Toe
has a silicone polymer and is
designed for MTP joint
replacement.

This three-piece implant system
designed for the reconstruction
of the 1st MTP, resulting from
osteoarthritis, rheumatoid
arthritis, traumatic arthritis, or
revision of previous arthroplasty.
The cone in cone implant
secures bone to implant seating.

The Swanson Flexible Hinge Toe
is a double-stemmed flexible
hinge implant designed to
restore function to the MTP joints
which are disabled by
rheumatoid, degenerative, or
post traumatic arthritis. Sizes
available include 0 - 7.

The prosthesis can be used for
hemi or total arthroplasty. is
composed of a tapered,
threaded, conical titanium core.
On the metatarsal side, a cobalt
chrome metatarsal head is
tapped into the titanium core and
a polyethylene phalangeal plate
is clipped to the core.

Approval

The Moje implant has not
received FDA approval.

The Primus Great Toe Implant
was approved by the FDA in
2013.

The implant was approved by
the FDA in 2008 indicated for
use as a hemi-arthroplasty
implant for the MTP joint for
degenerative and post-traumatic
arthritis in the presence of good
bone stock and integrity of the
phalangeal base, along with
hallux litmus, hallux valgus,
hallux rigidus and an unstable to
painful MTP joint.

The first generation was
approved by the FDA in 1998.
Subsequent generation would be
dependent on the current FDA
approvals.



RATIONALE

This evidence review was created in December 2018 and has been updated regularly with searches of
the PubMed database. The most recent literature update was performed through August 2025.

Evidence reviews assess the clinical evidence to determine whether the use of technology improves the
net health outcome. Broadly defined, health outcomes are the length of life, quality of life, and ability to
function - including benefits and harms. Every clinical condition has specific outcomes that are important
to patients and managing the course of that condition. Validated outcome measures are necessary to
ascertain whether a condition improves or worsens; and whether the magnitude of that change is
clinically significant. The net health outcome is a balance of benefits and harms.

To assess whether the evidence is sufficient to draw conclusions about the net health outcome of
technology, 2 domains are examined: the relevance, and quality and credibility. To be relevant, studies
must represent one or more intended clinical use of the technology in the intended population and
compare an effective and appropriate alternative at a comparable intensity. For some conditions, the
alternative will be supportive care or surveillance. The quality and credibility of the evidence depend on
study design and conduct, minimizing bias and confounding that can generate incorrect findings. The
randomized controlled trial (RCT) is preferred to assess efficacy; however, in some circumstances,
nonrandomized studies may be adequate. Randomized controlled trials are rarely large enough or long
enough to capture less common adverse events and long-term effects. Other types of studies can be
used for these purposes and to assess generalizability to broader clinical populations and settings of
clinical practice.

MTP Hemiarthroplasty

Clinical Context and Therapy Purpose

The purpose of a hemiarthroplasty implant in individuals who have first metatarsophalangeal (MTP) joint
osteoarthritis (OA) is to provide a treatment option that is an alternative to or an improvement on existing
therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is individuals with first MTP joint OA.

Interventions
The therapy being considered is hemiarthroplasty implants.

Table 2. Hemiarthroplasty Implants
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Implant Manufacturer Description

AnaToemic® Arthrex The AnaToemic® Phalangeal Hemi-Prosthesis, also known as,

1st MTP Hemi Arthrex metatarsal phalangeal joint implant, is a press-fit cobalt

Implant chrome implant.

BioPro BioPro The BioPro is a press fit implant that replaces the proximal phalanx.

HemiCAP® Anika/ The HemiCAP® implant system is a metatarsal implant that matches
Arthrosurface, the shape and contour of the patient's metatarsal head. The implant is
Inc. designed to remove minimal bone and protect existing cartilage.

HemiEDGE BIOPRO The HemiEDGE has edges on the dorsal, medial, and lateral side to

reduce the risk of implant migration.

LPT Great Toe | Wright Medical | Implant for hemiarthroplasty. An angled version is available for
Implant appropriate cases requiring an increased angle.

Comparators
The following therapies are currently being used:
e Conservative nonoperative treatment which would include modification of footwear and non-
steroidal anti-inflammatory drugs (NSAIDS)
e Cheilectomy
e Arthrodesis

Outcomes

The general outcomes of interest are symptoms, typically measured with a visual analog score (VAS) for
pain. Functional outcomes and quality of life are measured with the Foot and Ankle Ability Measure
(FAAM) and the American Orthopaedic Foot & Ankle Society-Hallux Metatarsophalangeal Interphalangeal
(AOFAS-HMI) scoring system. The FAAM is a validated measure of sports activities and activities of daily
living (ADL), with a minimal clinically important difference defined as 9 points for sports and 8 points for
ADL subscales. Adverse events from the implantation procedure would be measured within 30 days,
while dislocation and wear would be monitored at 5 to 10 years. The Manchester Oxford Foot and Ankle
Questionnaire (MOXFQ) has also been used.

A beneficial outcome of the implant would be a reduction in pain and improvement in function.
A harmful outcome of the implant would be an increase in pain and a reduction in function.

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought, with a
preference for RCTs;
e In the absence of such trials, comparative observational studies were sought, with a preference
for prospective studies;
e To assess long-term outcomes and adverse effects, single-arm studies that capture longer
periods of follow-up and/or larger populations were sought.

Review of Evidence
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Metallic Hemi-Implants (Ana Toemic, BioPro, BioPro HemiCAP, HemiEDGE, LPT Great
Toe Implant)

Poutoglidou et al (2023), conducted a qualitative review of implant survival outcomes and complications
following arthroplasty and hemiarthroplasty with silastic, metallic and PVA implants for hallux rigidus.
Heterogeneity across the studies prevented quantitative meta-analysis. There were 11 series on
HemiCAP and 3 on BioPro. The small retrospective series individually reported improvements in pain and
function. All the studies on the HemiCAP reported an improvement in functional and pain scores, and 8 of
them demonstrated a statistically significant improvement. For example, Mermerkaya et al (2018)
reported a significant improvement the AOFAS score from 34 before surgery to 83 at follow-up. Revision
rates ranged from 2.4% to 12.3% across these 11 studies. Revision was performed most frequently due
to persistent pain. The authors identified 4 studies that compared hemiarthroplasty with the BioPro with
an arthrodesis procedure. The BioPro replaces the proximal phalanx. Two studies reported no difference
in outcomes, one found that arthrodesis was more reliable, and one with average 8 year follow-up from
an earlier study (Beekhuizen et al, 2018) found more favorable outcomes with hemiarthroplasty.

De Bot et al (2022) conducted a quantitative systematic review of hemiarthroplasty with metallic implants
compared to arthrodesis for hallux rigidus. Studies on treatment for hallux valgus or inflammatory
arthropathy were excluded. They included 6 retrospective comparative cohort studies for pooled results
and numerous retrospective series to evaluate trends. Of the 6 comparative studies, 4 utilized the BioPro,
1 utilized the HemiCAP, and one used various brands. All patients had symptomatic hallux rigidus grade
[lI-1V. Pooled outcomes for the AOFAS-HMI, VAS pain reduction, complications, and revision rates
showed lowest VAS pain score after arthrodesis (weighted mean difference of -1.58, 95% confidence
interval [CI] -2.16 to -1.00, P<0.001), with a comparable number of complications and revisions at follow-
up at a mean of up to 8 years. The AOFAS score was similar after arthrodesis compared to metallic
hemiarthroplasty (weighted mean difference of 2.47, 95% CI -9.81 to 14.76, P=0.69). Although
arthrodesis was superior in pain reduction, the authors considered hemiarthroplasty a suitable alternative
for patients performing activities that require motion in the first MTP joint. The longest comparative cohort
study (level lll evidence) is described in greater detail below.

The comparative cohort study by Voskuijl and Ostenk (2015) compared outcomes from 58 patients who
underwent arthrodesis of the MTP joint with 36 patients who had undergone hemiarthroplasty with the
BioPro prosthesis between 2005 and 2010. During this period there were a total of 102 arthrodeses and
51 hemiarthroplasties in 136 patients at their institution. The procedures were performed by 5 orthopedic
surgeons with the specific procedure determined by surgeon preference. Patients who had at least 1 year
since the procedure were asked to participate in the study, which entailed clinical and radiological
examination and questionnaires. Ninety-one patients (66.9%) responded to the request.

At an average 4-year follow-up (range 1 to 7), there was no significant difference between groups in the
AOFAS score (77.5 £ 18.5 in the arthrodesis group and 77.8 + 12.0 in the arthroplasty group) or in the
pain subscale. Better function was observed in the arthrodesis group when adjusted for the maximum
obtainable AOFAS score (90 for arthrodesis and 100 for arthroplasty since 10 points are available for joint
motion). The number of repeat operations did not differ between these 2 groups, and the hemiarthroplasty
group reported greater mean satisfaction (p=0.04). Repeat operations were performed in 7 patients (12%)
due to nonunion after arthrodesis and 3 feet underwent conversion of an implant to arthrodesis (8.3%,
p=0.99). At follow-up, metatarsalgia (inflammation of the ball of the foot) was observed in a similar
percentage of patients in both groups. Some hemiarthroplasty patients also reported restriction of motion
in (3 feet, 8.3%) and persisting pain (2 feet, 5.6%). The authors noted that salvage arthrodesis after failed
arthroplasty is a more straightforward procedure than intervention for failed fusion.
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Follow-up from these patients at a mean 8.3 years (range (range 5 to 11.8) was reported by Beekhuizen
et al in 2018 (BioPro n=31 vs arthrodesis n=47). The AOFAS score was significantly better with
hemiarthroplasty 89.7 £ 6.6 vs 72.8 £ 14.5 (p = .001), with no significant difference in the number of
unplanned surgical procedures at mid-term follow-up. There was a 10.3% revision arthrodesis due to
nonunion compared to 3.7% revision for loosening of the prosthesis and 7.4% revision due to limited
range of motion. Removal of hardware with arthrodesis was not included as it is part of the treatment
plan. Patients were more satisfied after hemiarthroplasty (p<0.001) and returned to sports earlier
(p=0.002). An updated design of the BioPro, the HemiEDGE, is designed to provide additional stability
through a medial, lateral, and dorsal edge.

Section Summary

For individuals who have advanced first MTP joint OA who receive hemiarthroplasty, the evidence
includes systematic reviews of case series and comparative cohort studies. Relevant outcomes are
symptoms, functional outcomes, quality of life, and treatment-related morbidity. Six comparative cohort
studies were identified, 4 of which examined the BioPro. The systematic reviews of these studies indicate
that revision rates for hemiarthroplasty are around 12 to 15% due to continued pain, compared to 16%
implant removal with arthrodesis due to continued pain and less than 10% incidence of non-union or
delayed union. Although arthrodesis is superior in pain reduction, hemiarthroplasty could be considered a
suitable alternative for patients performing activities that require motion in the first MTP joint. Investigators
have also reported that appropriate patient selection is critical. Patients who are lightly active, have no
severe valgus deformities, and wish to maintain joint range of motion have the best outcomes. There
have been no major safety signals with hemiarthroplasty implants.

MTP Resurfacing and Total Joint Replacement

Clinical Context and Therapy Purpose

The purpose of resurfacing and total joint replacement in individuals who first metatarsophalangeal (MTP)
joint osteoarthritis (OA) is to provide a treatment option that is an alternative to or an improvement on
existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is individuals with first MTP OA.

Interventions
The therapy being considered is metatarsal joint resurfacing and total joint implants.

Table 3. MTP Resurfacing and Total Joint Replacement Implants

Implant Manufacturer Description
Ceramic
Moje Ceramic Orthosonics, The press-fit implant is a 2-component ceramic prosthesis coated with
Implant Ltd. apatite and fosterite crystals (Bioverit). It relies mainly on interference

fit coupled with osseo-integration encouraged by the Bioverit coating.

Resurfacing Implants
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Implant

Accu-Joint

Manufacturer

Accufix
Surgical

Modular Three Component

ReFlexion 1st
MTP Implant
System

Toefit-Plus™

ToeMotion®

METIS®
Prosthesis

Silastic

GAIT Implant

Reference Toe
System (RTS)
Implant

Primus Great
Toe Implant

Swanson
Flexible Hinge
Toe

Comparators

OsteoMed

Smith &
Nephew

Arthrosurface®

Sgarlato® Labs
Inc

In2Bones

Primus

Wright
Medical®
Technology Inc

Description

Resurfaces the MTP joint instead of resecting the hard bone

This three-piece implant system is a cone in cone implant that
secures bone to implant seating.

The prosthesis can be used for hemi or total arthroplasty. is
composed of a tapered, threaded, conical titanium core. 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.

The ToeMotion system consists of a metatarsal component and a
phalangeal component designed for arthroplasty of the 1st metatarsal
head and the base of the proximal phalanx. The Phalangeal Fixation
Component is to be used with an appropriate HemiCAP MTP
metatarsal head resurfacing implant.

The prosthesis consists of three components: metatarsal (cobalt-
chromium alloy), phalangeal (titanium), and a third-generation
interposition component composed of polyethylene. Metatarsal and
phalangeal components are coated with hydroxyapatite.

The GAIT Implant is constructed of medical grade silicone elastomer
and is available in three sizes: small, medium and large.

The RTS implant is manufactured from medical-grade silicone
elastomer with titanium grommets.

The Primus Flexible Great Toe has a silicone polymer and is designed
for MTP joint replacement.

The Swanson Flexible Hinge Toe is a double-stemmed flexible hinge
implant

The following therapies are currently being used:
e Conservative nonoperative treatment which would include modification of footwear and non-
steroidal anti-inflammatory drugs (NSAIDS)
o Cheilectomy
e Arthrodesis
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Outcomes

The general outcomes of interest are symptoms, typically measured with a visual analog score (VAS) for
pain. Functional outcomes and quality of life are measured with the Foot and Ankle Ability Measure
(FAAM) and the American Orthopaedic Foot & Ankle Society-Hallux Metatarsophalangeal Interphalangeal
(AOFAS-HMI) scoring system. The FAAM is a validated measure of sports activities and activities of daily
living (ADL), with a minimal clinically important difference defined as 9 points for sports and 8 points for
ADL subscales. Adverse events from the implantation procedure would be measured within 30 days,
while dislocation and wear would be monitored at 5 to 10 years. The Manchester Oxford Foot and Ankle
Questionnaire (MOXFQ) has also been used.

A beneficial outcome of the implant would be a reduction in pain and improvement in function.
A harmful outcome of the implant would be an increase in pain and a reduction in function.

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
e To assess efficacy outcomes, comparative controlled prospective trials were sought, with a
preference for RCTs;
¢ In the absence of such trials, comparative observational studies were sought, with a preference
for prospective studies;
e To assess long-term outcomes and adverse effects, single-arm studies that capture longer
periods of follow-up and/or larger populations were sought

Review of Evidence

Systematic Reviews

Stevens et al (2017) conducted a systematic review of surgery for hallux rigidus comparing total joint
replacement and arthrodesis of the first MTP joint. Thirty-three studies with 741 arthrodeses and 555 total
joint replacements were included in the qualitative analysis. Six different prostheses (Biomet-Merck,
Toefit-Plus, METIS, Roto-Glide, MOJE ceramic pressfit, and Bio-Action) were used for total joint
replacement, and various fixation techniques were used for arthrodesis. Most of the studies were on the
MOJE ceramic implant, with 4 studies on the Toefit-Plus. There was 1 study each on the other 4 devices.
Studies on silicone prostheses, hemiprostheses, and interpositional arthroplasty were excluded from the
systematic review. The results of 6 arthrodesis studies and 7 total joint replacement studies were pooled
in the quantitative analysis. Pooled results showed superiority of arthrodesis compared with arthroplasty
for improving clinical outcome (by 43.8 versus 37.7 points on the AOFAS-HMI score) and reducing pain (a
decrease of 6.56 versus 4.65 points on the VAS pain score) due in part to higher baseline scores. The
complication rate with arthrodesis was 23.1%, with pain or irritation requiring removal of hardware and a
6.6% rate of non-union or delayed union. Loosening of the total joint prosthesis ranged from 10.3% with
the Toefit-Plus to 93% with the Bio-Action. Overall, there were fewer revisions (3.9% versus 11%) after
arthrodesis as compared with total joint replacement. Non-union was more common with arthrodesis
while prosthetic loosening was the most commonly reported complication after arthroplasty. The authors
commented that both interventions improved outcomes compared to preoperative status. A limitation of
this systematic review is the combination of studies with different implant designs, particularly the heavy
weighting of the ceramic implant. These different implant materials and designs are discussed in more
detail below.

The qualitative systematic review by Poutoglidou et al (2023) evaluated survival outcomes and
complications following arthroplasty with silastic, metallic and PVA implants. Heterogeneity across the
studies prevented quantitative meta-analysis.
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e A double-stemmed silastic implant (Swanson Flexible Hinge Toe) was found to have better
outcomes than the silastic implants from the 1980’s, but patient selection was important for
success. The ideal candidate was found to be an elderly or middle-aged patient who is lightly
active but wishes to maintain MTP joint range of motion. They were considered unreliable with
the correction of severe hallux valgus deformities.

o Total arthroplasty with devices with a 3-part design that incorporates a polyethelene articulation
(ROTOglide, ToeFit Plus, Metis) had varied results. A publication on the ROTOglide showed
91.5% survival at 15 years with a 9.8% revision rate. The ToeFit Plus had no complications in 2
studies, while the Metis had 24.1% secondary surgeries in one report.

Adverse Events

Akoh et al (2021) completed a case series large database analysis on adverse events involving hallux
metatarsophalangeal joint implants: Analysis of the United States Food and Drug Administration data from
2010 to 2018 and found among the 64 reported hallux MTP joint implant adverse events, the most
common modes of adverse events were component loosening (34%), infection (14.1%), component
fracture (9.4%), inflammation (9.4%), and allergic reaction (7.8%). Regarding implant type, Cartiva SCI
had the highest percentage of adverse events (23.4%), followed by Arthrosurface ToeMotion (20.3%),
Ascension MGT (12.5%), Arthrosurface HemiCAP® (10.9%), Futura primus (9.4%), and Osteomed
Reflexion (6.3%). There was an increase in reported adverse events after 2016. The MAUDE database
does not report the total incidence of implant insertion. They reported that study of the MAUDE database
demonstrated that component loosening, and infection are the most common modes of adverse events
for hallux MTP joint implants.

Randomized Controlled Trials

Stone and colleagues (2017) presented 15-year follow-up of a randomized controlled trial (RCT). These
data were the follow-up to the original study published in 2005, which did not meet criteria for inclusion in
the systematic review by Stevens et al (2017). In the original study, 63 patients between the ages of 34
and 77 years (77 toes) were recruited to and randomized to have either MTP arthrodesis or arthroplasty
between 1998 and 2001. The primary outcome measure was a decrease in pain on a VAS at 24 months.
In this study, data were available for all surviving patients (52 patients, 66 toes). Data were collected in
the form of satisfaction scores, VAS for pain, the VAS foot and ankle and survivorship data. The results of
the original study demonstrated that pain relief was greater following arthrodesis at 2 years. At 15 years,
patients with an arthrodesis experienced less pain and were more satisfied compared to those with an
arthroplasty. No functional differences were seen between these 2 groups. There were more revisions in
the arthroplasty group. These long-term results showed that arthrodesis in this population out-performed
arthroplasty. If an arthroplasty failed, then salvage was likely to be technically difficult, with significant
potential for complications.

Evidence on specific implants is described below.

Ceramic Implants (e.g., Moje)

McGraw et al (2010) assessed the mid-term clinical and radiographical results of the Moje hallux MPJ
replacement. These investigators described their single-surgeon experience of 63 components in 48
patients at a mean follow-up of 44 months. Patient satisfaction was assessed by questionnaire and
radiographical assessment performed immediately post-operatively and at the latest follow-up. Mean
AOFAS hallux score increased from 56 to 72 (p < 0.01) and mean satisfaction score was 7.6 (scale 1 to
10). Atotal of 67 % of subjects reported minimal or no pain. Five implants have been removed (8 %), 4
because of pain associated with implant loosening and subsidence, and 1 because of deep infection.
Fifty-seven percent of metatarsal and 56 % of phalangeal components had subsided and radiographical
evidence of loosening in 58 % of X-rays analyzed at latest follow-up was found. Prosthetic subsidence
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was associated with greater margin of uncovered bone under the prosthesis (p = 0.05 for metatarsal, p =
0.03 for proximal phalanx component) and longer follow-up (p < 0.001). The authors concluded that in
spite of the good clinical outcome at the mid-term stage with 91 % implant survival, given the widespread
loosening and subsidence encountered in this study, the long-term outcome following this procedure is
uncertain.

In a case series study, Brewster and colleagues (2010) reported the functional results of the Moje first
MPJ replacements performed between February 2001 and November 2006. All patients who underwent
Moje arthroplasty under the care of a single surgeon were included; outcome scores and complications
were recorded annually. A total of 32 joints in 29 consecutive patients were followed for a mean duration
of 34 (range of 6 to 74) months, and the mean patient age at the time of operation was 56 (range of 38 to
79) years. Hallux rigidus was the primary diagnosis in 28 (87.5 %) of the cases. The mean AOFAS-HMI
score at final follow-up was 74/100 (range 9 to 100), with 13 (40.63 %) joints rated good-to-excellent.
Two (6.25 %) joints were revised to arthrodesis at a mean of 52 (range of 41 to 63) months following the
arthroplasty procedure, and the overall prevalence of post-operative complications was 6 (18.75 %). A
larger number of patients with longer follow-up are needed to evaluate the long-term results of the Moje
ceramic prosthesis for MTP replacements. Furthermore, Gutteck and colleagues (2011) stated that the
high loosening rate of the Moje prosthesis in the treatment of hallux rigidus caused disappointing
medium-term results.

In a single-surgeon series study, Barwick and Talkhani (2008) evaluated the clinical outcome of the Moje
arthroplasty implant using objective and subjective assessment tools. A retrospective outcome study of
24 implants was performed in 22 patients undergoing first MTP joint replacement for osteoarthritis from
2004 to 2006. Each patient underwent clinical assessment using the AOFAS for the hallux and a patient
outcome satisfaction questionnaire. All pre- and post-operative radiographs were reviewed. Average
follow-up was 26 months with a median AOFAS score of 80 out of a maximum 100. The revision rate at 3
years was 12.5 %. Only 63 % of patients were "very satisfied" with the overall outcome from the
procedure. AOFAS for the hallux correlated strongly with patient satisfaction. Radiographical mal
alignment in 4 patients was significantly associated with lower AOFAS (p = 0.01). The authors concluded
that the Moje ceramic prosthesis offers less reliable outcomes than the "gold standard" arthrodesis and
caution is advised regarding its use for osteoarthritis of the first MPJ.

Nagy et al (2014) presented mid-term results using a 2nd-generation ceramic first MPJ implant. A
retrospective review of clinical data and radiographs was performed for 31 feet (24 women; mean age at
surgery was 55 £ 6 years). Mean follow-up was 81 £ 27 months after surgery. Mean first MP passive
ROM was 32 * 17 degrees (dorsiflexion and plantarflexion). Mean AOFAS score was 72 + 19 points and
Foot Function Index was 27 * 26 points (all 31 feet). Clinical rating for 29 feet that had surgery as a
primary procedure was excellent in 5 feet (17%), good in 8 feet (28%), fair in 3 feet (10 %), and poor in 13
feet (45%). Follow-up radiographs showed that radiolucency, change in angulation, sinkage, and mal
alignment of the metatarsal or proximal phalanx components were common. Revision was performed in 5
feet (16%) because of loosening, sinkage, subluxation, pain, or fractured prosthesis. Implant survival was
92% at 5 years, 85% at 7 years, and 68% at 9 years. The authors concluded that these findings of 2nd-
generation ceramic first MPJ replacement in this series demonstrated poor clinical and radiological results
with a high revision rate.

There is a high incidence of failure of the press fit Moje implant.

Silastic Implants (e.g., GAIT, PRIMUS and Swanson)

Systematic Reviews
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Majeed (2019) completed a systematic review of the available literature on the outcomes of silastic
implants including very early reported studies. The review included an initial search revealed 522 articles
from the searched databases. Twenty-eight articles were selected for final inclusion, which were most
relevant to the use of silastic implants. There was only one prospective study whilst all the others were
retrospective studies. Twenty-eight studies had a total of 2354 feet with silastic replacements in 1884
patients. The studies took place, and their outcome results were collected between 1968 and 2003. The
average age of patients was 53 years among all the studies, the youngest patient being 15 years old and
the oldest 82 years old in different studies. The average follow-up was 85.3 months. Among all the studies
there were a total of 5.3% (124 feet) failed prostheses. Improvement in pain was reported in 76.6% (1804
feet). The average rate of patient satisfaction was 84%. There was a reported incidence of 3.6% (85 feet)
of superficial infection, early inflammation of the wound and synovitis. Incidence of deep infection was
1.7% (40 feet). Radiological lucencies, cyst formation, bone resorption and osteophytes formation, of
varying degree, were reported in 18.2% cases (429 feet). Implant fracture and fragmentation occurred in
4.3% cases (101 feet). Eighty-four implants (3.6%) required removal due to infection, fracture or
persistent pain after surgery. The length of time from surgery to implant failure or removal was found to be
highly variable among different studies. The strengths include a detailed analysis of the currently reported
and historical studies utilizing appropriate critical appraisal tools. The weaknesses of this review include
the fact that the available studies provided are only Level-1V evidence.

Clough and Ring (2020) analyzed the outcome of a double-stemmed silastic implant (Wright-Medical,
Memphis, TN) for patients with end-stage HR. They carried out a retrospective review of 108 consecutive
implants in 76 patients, between January 2005 and December 2016, with a minimum follow-up of 2 years.
The mean age of the patients at the time of surgery was 61.6 years (42 to 84). There were 104 women
and 4 men. Clinical, radiological, patient reported outcome measures (PROMS) data, a VAS for pain, and
satisfaction scores were collected. The survivorship at a mean follow-up of 5.3 years (2.1 to 14.1) was
97.2 %. The mean MOXFQ scores improved from 78.1 to 11.0, and VAS scores for pain from 7/10 to
1.3/10. The rate of satisfaction was 90.6 %; 3 implants (2.8 %) required revision; 1 for infection, 1-month
post-operatively, and 2 for stem breakage at 10.4 and 13.3 years post-operatively. These results
suggested that this double-stemmed silastic implant provided a predictable and reliable alternative with
comparable outcomes to arthrodesis for the treatment of end-stage HR. Comparative studies and longer
follow-up are needed.

Subsection Summary

The evidence on silastic joint replacement includes a systematic review of case series. Several historical
studies have reported high satisfaction rates and subjective and objective improvements for treating
hallux rigidus with the use of previous generations of silastic implants but were fraught with implant-
related complications, in particular with the use of single-stemmed implants. The available studies
indicate that the double stemmed silastic joint replacement may be a good alternative to arthrodesis in
older and less active patients who wish to preserve the movements of their first metatarsophalangeal
joint. Most of the available studies have smaller patient populations, shorter follow-up and flaws in study
designs. There is a lack of long-term follow-up of the current implants in the literature. More long-term
prospective controlled studies with larger patient cohorts are needed to build a robust evidence base for
the use of current generation of silastic implants as an alternative to the traditional arthrodesis procedure.

Metal Modular Implants (METIS, OsteoMed ReFlexion, ToeFit-Plus)

Toefit-Plus

Bartak and colleagues (2016) compared long-term success rate of MTP joint replacement with the ToeFit
Plus System. This study consisted of 19 total joint replacements and 12 hemiarthroplasties in 18 and 11
patients, respectively, and they were carried out between 2005 and 2009. The average follow-up period
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was 12.2 years (range of 9.8 to 13.7, SD 1.1) for the total arthroplasty group and 11.1 years (range of 9.5
to 13.9, SD 1.7) for hemiarthroplasty group. In all followed-up patients, AOFAS score was calculated
along with the ROM assessment. Average AOFAS score improved from 37 pre-operatively to 79 at the
time of last follow-up in total arthroplasty group and from 45 to 86 in the hemiarthroplasty group, with
consideration to the statistically considerable difference of both groups. The total ROM improved on
average from 14° to 32° in patients with total arthroplasty and from 15° to 32° with hemiarthroplasty. The
total number of cases that required surgical revision was 7 (37 %) in total arthroplasty group and 2 (17 %)
in hemiarthroplasty group. The authors concluded that due to the high percentage of failure that was
shown in the long-term results, these investigators no longer use the ToeFit Plus System.

Gupta and Masud (2017) included 55 cases of OA of the 1st MTP joint that were treated surgically with
Toefit-Plus joint replacement. There was a high rate of complications with the Toefit-Plus implant resulting
in revision surgery. Follow-up occurred at 84 to 144 months after surgery (mean of 134 months), and the
results showed increasing numbers of implant failures and revisions (21 %) of Toefit-Plus implants; 47
patients were available for review; 24 (51 %) out of 47 patients reported satisfactory results with Toefit-
Plus arthroplasty; 10 of these patients (21 %) had removal of implants and further surgical procedures
were needed due to implant failure; 11 (23 %) out of 47 patients still complained of pain despite having
joint replacement with the Toefit-Plus implant. The authors would not recommend the Toefit-Plus implant
due to poor results seen in 1/3 of patients.

METIS Prosthesis

Dygrynova and associates (2017) evaluated the results of cheilectomy and total joint replacement in
patients with hallux rigidus. Minimum duration of follow-up was 18 months. The study included 59
patients who underwent surgery due to hallux rigidus between January 2013 and December 2014; 37
patients underwent cheilectomy and 22 patients had total joint arthroplasty using the METIS. The
outcomes were assessed by comparing pre-operative and post-operative ROM, VAS, AOFAS-HMI and
patients' satisfaction with operative treatment. The mean age was 47.9 + 7.0 years in patients who
underwent cheilectomy and 62.5 + 5.5 years in patients after TR METIS. There was a significant
decrease (p < 0.001) in the VAS pain score and a significant improvement in dorsiflexion, ROM, AOFAS-
HMI scores in both treatment groups. In both the groups more than 75 % of patients reported good or
excellent subjective results. The authors stated that these findings were in agreement with findings of
other studies assessing the results of cheilectomy and TJR surgery in patients with hallux rigidus. Direct
comparison of the VAS pain score, AOFAS-HMI and ROM across studies was difficult because of
variability in the evaluation systems. They stated that cheilectomy is mostly recommended for young
active patients with mild osteoarthritis. Moreover, it is also possible to use minimally invasive surgery with
early and reliable outcomes. These investigators performed cheilectomy in younger patients with
moderate osteoarthritis in order to extend the period of clinically acceptable results and thereby to
postpone the joint replacement. They stated that TJR (similarly to arthrodesis of the 1st MTP joint) is a
procedure performed in elderly patients with low physical activity and more advanced deformities. The
authors stated that TJR appeared to be a better solution for less active older patients to whom it provides
a loadable, painless, and moving joint. This was a small study (n = 22 for the total joint replacement
group) with short-term follow-up (18 months).

Silva and colleagues (2020) compared the clinical and radiographic results of MTP arthrodesis and
arthroplasty with the Metis implant in the treatment of HR in carefully selected patients. Patients who had
malalignment of the first radius of the foot, or metatarsus primus elevation or retraction of the achilles-
calcaneal-plantar system received arthrodesis. A total of 36 patients (38 feet) with HR submitted to
surgery (12 arthrodesis and 26 arthroplasties) were retrospectively evaluated. Pain was assessed using
the VAS and the functional status was assessed using the AOFAS-HMI scale. Complications and
radiographic results were also analyzed, and survival rates were calculated for both procedures. All of the
patients reported significant improvement in pain and functional status following surgery. At a mean 7
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years follow-up, patients submitted to arthroplasty had better functional results on the AOFAS-HMI scale
(89.7 versus 65.7 points; p < 0.001) and better pain relief (VAS 1.6 versus 3.9 points; p = 0.002) when
compared with the group submitted to arthrodesis. There was 1 case of infection in the arthroplasty group
and 2 cases of pseudarthrosis in the arthrodesis group. Overall, patients selected for arthroplasty had
better clinical scores and lower revision rates compared to patients who did not meet criteria and
underwent arthrodesis.

OsteoMed ReFlexion 1st MTP Implant System
No studies on the OsteoMed ReFlexion were identified in the systematic reviews.

Section Summary

For individuals who have advanced first MTP joint OA who receive total joint implants, the evidence
includes systematic reviews of case series and one RCT. There is limited data on most implant designs
on the market. However, studies have shown a high incidence of failure of the press fit Moje ceramic
implant. Investigators do not recommend the Toefit-Plus due to a high rate of complications and the
METIS prosthesis had 24.2% secondary surgeries in one report. Loosening of the total joint prosthesis
was observed in 93% of patients with the Bio-Action. Of the modular implants, the ROTOglide appears to
have the best reported outcomes in the long-term. Additional comparative studies are needed. More
recent silastic models have better outcomes than earlier silastic implants, which had a high rate of failure,
but long-term data on the newer implants is lacking. Some of the implants in current use have no
published results. Overall, arthrodesis results in better outcomes that total joint arthroplasty, failure rates
of total joint implants are high, and conversion from a failed total joint to arthrodesis is challenging due to
loss of bone.

MTP Synthetic Cartilage

Clinical Context and Therapy Purpose
The purpose of an implant in individuals who first metatarsophalangeal (MTP) joint osteoarthritis (OA) is
to provide a treatment option that is an alternative to or an improvement on existing therapies.

The following PICO was used to select literature to inform this review.

Populations
The relevant population of interest is individuals with first MTP OA.

Interventions
The therapy being considered is synthetic cartilage implants.

Table 4. Metatarsophalangeal (MTP) Synthetic Cartilage Implants
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Implant Manufacturer Description

Bioabsorbable Poly-L-D-Lactic Acid

RegJoint™ Scaffdex The implant provides temporary support to the joint and is
Inter-Positional subsequently replaced by the patient's own tissue.

Synthetic Cartilage

Cartiva Wright Medical, | The Cartiva implant is an 8- to 10-mm polyvinyl alcohol (PVA) disc

Synthetic now Stryker that is implanted with a slight (1- to 1.5-mm) protrusion to act as a

Cartilage spacer for the first MTP joint.

BioPoly Schwartz The BioPoly material behaves like synthetic cartilage. It is a
Biomedical patented combination of two materials: “Bio” = hyaluronic acid or

HA; “Poly” = Ultrahigh molecular weight polyethylene or UHMWPE.

Comparators
The following therapies are currently being used:
e Conservative nonoperative treatment which would include modification of footwear and non-
steroidal anti-inflammatory drugs (NSAIDS)
e Cheilectomy
e Arthrodesis

Outcomes

The general outcomes of interest are symptoms, typically measured with a visual analog score (VAS) for
pain. Functional outcomes and quality of life are measured with the Foot and Ankle Ability Measure
(FAAM) and the American Orthopaedic Foot & Ankle Society-Hallux Metatarsophalangeal Interphalangeal
(AOFAS-HMI) scoring system. The FAAM is a validated measure of sports activities and activities of daily
living (ADL), with a minimal clinically important difference defined as 9 points for sports and 8 points for
ADL subscales. Adverse events from the implantation procedure would be measured within 30 days,
while dislocation and wear would be monitored at 5 to 10 years. The Manchester Oxford Foot and Ankle
Questionnaire (MOXFQ) has also been used.

A beneficial outcome of the implant would be a reduction in pain and improvement in function.
A harmful outcome of the implant would be an increase in pain and a reduction in function.

Study Selection Criteria
Methodologically credible studies were selected using the following principles:
o To assess efficacy outcomes, comparative controlled prospective trials were sought, with a
preference for RCTs;
¢ In the absence of such trials, comparative observational studies were sought, with a preference
for prospective studies;
e To assess long-term outcomes and adverse effects, single-arm studies that capture longer
periods of follow-up and/or larger populations were sought
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Review of Evidence

Bioabsorbable poly-L-D-lactic acid (e.g. RegJoint Inter-Positional Implant)

Partio and colleagues (2021) noted that inter-positional arthroplasty was developed to retain foot function
and to relieve pain due to the arthritis of the first MTP joint. The bioabsorbable poly-L-D-lactic acid
RegJoint inter-positional implant provides temporary support to the joint, and the implant is subsequently
replaced by the patient's own tissue. In this study, these researchers retrospectively examined the results
of the poly-L-D-lactic acid inter-positional arthroplasty in a 9-year follow-up study among patients with
hallux valgus with end-stage arthrosis or HR. A total of 18 patients and 21 joints underwent inter-
positional arthroplasty using the poly-L-D-lactic acid implant between February 1997 and October 2002 at
Tampere University Hospital. Of these, 15 (83.3 %) (21 joints) patients were compliant with clinical
examination and radiographic examination in long-term (average of 9.4 years) follow-up. The mean age of
the patients was 48.3 (from 28 to 67) years at the time of the operation; 6 patients underwent the
operation due to arthritic hallux valgus and 9 patients due HR. The mean Ankle Society Hallux
Metatarsophalangeal-Interphalangeal Scale and VAS for pain scores improved after the operation in all
patients. The decrease of pain (VAS) after the operation was statistically significant (77.5 versus 10.0; p
< 0.001). Post-operative complications were observed in 3 (14.3 %) joints of 2 HR patients. For these
patients, surgery had only temporarily relieved the pain, and they underwent re-operation with
arthrodesis. The authors concluded that inter-positional arthroplasty using a poly-L-D-lactic acid implant
yielded good results. This study indicated that the poly-L-D-lactic acid inter-positional implant may be a
good alternative for arthrodesis for treatment of end-stage degeneration of the 1MTP joint. Moreover,
these researchers stated that inter-positional arthroplasty using a bioabsorbable PLDLA implant should
be examined in a prospective RCT setting. This study had several drawbacks. First, it was a
retrospective study. Second, the sample size (n = 15 patients with 21 MTP joints) was small. Third, the
lack of pre-operative evaluation with patient-reported outcome measures.

Poly-vinyl Alcohol Implants (e.g., Cartiva Synthetic Cartilage and BioPoly)

Systematic Reviews

The qualitative systematic review by Poutoglidou et al (2023) polyvinyl alcohol (PVA) implants (synthetic
cartilage) had satisfactory functional outcomes in some studies, while others reported high failure rates
(18.5%) and early complications with subsidence and lysis.

Smyth et al (2020) conducted a systematic review of PVA implants in patients with hallux rigidus. The
authors identified 7 publications, 6 of which were related to the key randomized controlled trial described
below, and the final publication was a case series by Cassenelli et al (2019) which is also included below.
The systematic review noted the lack of information independent of the original RCT as a primary
limitation. They concluded that a moderate recommendation can be given for use of a polyvinyl alcohol
implant in the short-term, but long-term data are lacking.

A systematic review by Butler et al (2024) compared PVA implants (n=1349), cheilectomy (n=168), and
arthrodesis (n=322) in patients with moderate to severe hallux rigidus. A total of 9 comparative studies
were identified with 3 comparing PVA to cheilectomy and 6 comparing PVA to arthrodesis. Complication
rates were higher with PVA (27.9%) than with cheilectomy (11.8%) or arthrodesis (24.2%). Failure rates
were also higher with PVA (14.8%) than cheilectomy (1.6%) or arthrodesis (6.5%). No meta-analysis was
performed due to the lack of high- quality, head-to-head studies and the high heterogeneity of included
studies. The authors concluded that the safety and efficacy of PVA implants was questionable.

In March of 2019 Hayes completed a Health Technology Assessment (HTA) which was last reviewed in

May of 2021 on the Cartiva Synthetic Cartilage Implant for treatment of degenerative or posttraumatic
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arthritis of the first metatarsophalangeal joint. The HTA identified 1 RCT by Baumhauer et al. (2016) that
is discussed below. Hayes gave the Cartiva Synthetic Cartilage Implant for treatment of degenerative or
posttraumatic arthritis of the first metatarsophalangeal joint a D2 rating. According to Hayes a D2 rating
indicates, “insufficient evidence. There is insufficient published evidence to assess the safety and/or
impact on health outcomes or patient management.”

Randomized Controlled Trials

The U.S. Food and Drug Administration (FDA) approval of the Cartiva synthetic cartilage implant was
based on an unmasked, multicenter, noninferiority trial (Cartiva MOTION) that compared the implant with
arthrodesis of the first MTP joint (see Table 1). This study was published by Baumhauer et al (2016). The
primary outcome was a composite of a 30% or greater difference in VAS scores for pain, maintenance of
function on the FAAM ADL subscale, and absence of major safety events at 2 years. The primary
effectiveness endpoint was achieved by 80% of patients in both groups, and the implant met the 15%
noninferiority margin (p<.0075).

Table 5. Summary of Key RCT Characteristics

Stu.dy; Countries Dates Participants Act|ve. Compara.t or
Trial Intervention Intervention

197 patients with advanced
hallux rigidus (Coughlin

Baumha- grade 2, 3, or 4 with 132 patients

uer et al. Us, 2009- VAS > 40/100. Patients were recellved the 65 patients

Canada, . Cartiva underwent

(2016); EU 2012 excluded if they had cartilage arthrodesis
MOTION lesions > 10 mm in size, . 9
implant

hallux varus to any degree,
or hallux valgus > 20

RCT: Randomized controlled trial; VAS: visual analog score

VAS pain scores decreased significantly in both groups but were consistently lower in the arthrodesis
group from 6 weeks through 2 years. Nearly all patients (97%) who underwent fusion had 30% or greater
relief in pain compared with 89% of patients who received the implant. Maintenance of function, as
measured by the FAAM ADL subscale, was observed in 98.3% of patients who received the implant and
in 97.6% of patients who underwent fusion. Fourteen (9.2%) implants were removed and converted to
arthrodesis, while in the arthrodesis group 6 (12%) patients had removal of screws or screws and plates.
As expected, dorsiflexion was significantly better in the implant group (29) than in the fusion group (15;
p<.001). Radiographic measurements showed 4 (8%) occurrences of mal-union or non-union in the fusion
group and no device displacement, fragmentation, or avascular necrosis with the implant. Some
instances of radiolucency, bony reactions, and heterotopic ossification were observed, but these events
did not correlate with individual patient success.

Glazebrook et al (2018) reported a reduction in operative and recovery time with the implant compared to
arthrodesis. Additional analysis of data from the pivotal trial did not identify any factors (e.g., hallux rigidus
grade, preoperative pain, duration of symptoms, body mass index) that affected the success of the
procedure. The analysis raised questions whether Coughlin grade (symptoms, radiographic measures,
range of motion), is the most appropriate method to identify patients for the procedure, leading the
investigators to recommend using only clinical signs and symptoms to guide treatment.
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Table 6. Outcome Scores for Synthetic Cartilage Implant and Arthrodesis

Outcomes

VAS pain
Implant
Arthrodesis
p-value
FAAM ADL
Implant
Arthrodesis

p-value

FAAM sports

Implant
Arthrodesis

p-value

Values are mean (standard deviation).

Baseline

68 (13.9)
69.3 (14.3)

571

59.4 (16.9)
56.0 (16.8)

222

36.9 (20.9)
35.6 (20.5)

.694

6 Weeks

33.3 (24.7)
17.2 (17.6)

<.001

69.0 (19.0)
59.6 (24.8)

.008

39.5 (26.3)
22.4 (22.5)

<.001

3 Months

29.4 (23.2)
15.5 (13.1)

<.001

77.3 (17.70)
82.5 (14.9)

.079

55.1 (26.5)
53.9 (29.5)

.804

6 Months

28.9 (27.75)
11.7 (18.3)

<.001

82.7 (17.5)
89.9 (12.4)

.014

66.6 (26.3)
78.6 (23.8)

.010

1 Year

17.8 (23.0)
5.7 (8.5)

.001

88.6 (14.4)
94.1 (6.8)

.018

75.8 (24.8)
84.1(16.9)

.043

ADL: activities of daily living; FAAM: Foot and Ankle Ability Measure; VAS: visual analog score.

A selection of results from the FAAM ADL questionnaire, which is made up of 21 related questions, were

2 Years

14.5 (22.1)
5.9 (12.1)

.002

90.4 (15.0)
94.6 (7.1)

.082

79.5 (24.6)
82.7 (20.5)

461

reported on the FDA's Summary of Safety and Effectiveness (see Table). Only the "Up on Toes" was
superior in the Cartiva group. Of concern is the greater difficulty of the Cartiva group (Moderate Difficulty,

Extreme Difficulty, and Unable to Do) compared to the arthrodesis group for walking for 15 min (16% vs.

0%), Up Stairs (6% vs. 0%) and Squats (19% vs. 8%).

Table 7. Foot and Ankle Ability Measure (FAAM) Activities of Daily Living Questionnaire

Excerpt
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Outcomes Group No Slight Moderate, Extreme | Unable to
Difficulty Difficulty Difficulty Difficulty Do

Daily Arthrodesis 94% 6% 0% 0% 0%
Activities
Cartiva 88% 10% 0% 2% 0%
Walk 15 Min | Arthrodesis 85% 13% 0% 0% 0%
Cartiva 67% 17% 9% 5% 2%
Upstairs Arthrodesis 87% 13% 0% 0% 0%
Cartiva 83% 10% 4% 2% 0%
Up on Toes | Arthrodesis 36% 28% 17% 9% 11%
Cartiva 37% 33% 15% 7% 9%
Squat Arthrodesis 70% 21% 6% 2% 0%
Cartiva 57% 18% 1% 6% 2%

Limitations in relevance and design and conduct are shown in Tables 4 and 5 below.

Table 8. Study Relevance Limitations

Study Population? Intervention® Comparator® Outcomes® Follow-Up®
2. Range of 1,2. Follow-up in this
Baumhauer et al motion is an p::::a:)ﬁtntr\:vea?:;or[ifa
(2016) MOTION intermediate | Yoo O
measure group will be followed

for 5 years.

The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.

a Population key: 1. Intended use population unclear; 2. Study population is unclear; 3. Study population not representative of intended use;
4, Enrolled populations do not reflect relevant diversity; 5. Other.

b Intervention key: 1. Not clearly defined; 2. Version used unclear; 3. Delivery not similar intensity as comparator; 4. Not the intervention of
interest (e.g., proposed as an adjunct but not tested as such); 5: Other.

¢ Comparator key: 1. Not clearly defined; 2. Not standard or optimal; 3. Delivery not similar intensity as intervention; 4. Not delivered
effectively; 5. Other.

d Outcomes key: 1. Key health outcomes not addressed; 2. Physiologic measures, not validated surrogates; 3. Incomplete reporting of
harms; 4. Not establish and validated measurements; 5. Clinically significant difference not prespecified; 6. Clinically significant difference not
supported; 7. Other.

e Follow-Up key: 1. Not sufficient duration for benefit; 2. Not sufficient duration for harms; 3. Other.

Table 9. Study Design and Conduct Limitations
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Study Allocation® Blinding® Select_lve Data Completeness? Power® Statistical’
Reporting°®

1. Withdrawals after
randomization were
higher in the control group
(15/65 vs. 2/132),
suggesting possible bias
in expectations and
subjective outcome
assessments in favor of
the novel joint preserving

B h
eta:Im auer procedure. A modified

) intention-to-treat analysis
(2016); was requested by the
MOTION a Y

U.S. Food and Drug

Administration to adjust

for the difference in study

withdrawals. The modified

intention-to-treat analysis

included 130 patients in

the Cartiva group and 50

patients in the fusion

group.
The study limitations stated in this table are those notable in the current review; this is not a comprehensive gaps assessment.
a Allocation key: 1. Participants not randomly allocated; 2. Allocation not concealed; 3. Allocation concealment unclear; 4. Inadequate control
for selection bias; 5. Other.
b Blinding key: 1. Participants or study staff not blinded; 2. Outcome assessors not blinded; 3. Outcome assessed by treating physician; 4.
Other.
c Selective Reporting key: 1. Not registered; 2. Evidence of selective reporting; 3. Evidence of selective publication; 4. Other.
d Data Completeness key: 1. High loss to follow-up or missing data; 2. Inadequate handling of missing data; 3. High number of crossovers;
4. Inadequate handling of crossovers; 5. Inappropriate exclusions; 6. Not intent to treat analysis (per protocol for noninferiority trials); 7.
Other.
e Power key: 1. Power calculations not reported; 2. Power not calculated for primary outcome; 3. Power not based on clinically important
difference; 4. Other.
f Statistical key: 1. Analysis is not appropriate for outcome type: (a) continuous; (b) binary; (c) time to event; 2. Analysis is not appropriate for

multiple observations per patient; 3. Confidence intervals and/or p values not reported; 4. Comparative treatment effects not calculated; 5.
Other.

An FDA regulated safety and efficacy follow-up study was required through 5 years. The patients in the
follow-up study included the randomized and nonrandomized run-in group who received the implant for a
total of 152 patients (see Table) but did not include the arthrodesis group. By year 5, 15.1% of the implant
group had undergone removal and conversion to arthrodesis (see Table). The overall Kaplan-Meier
synthetic cartilage implant survivorship at 5.8 years of follow-up was 84.9%. Of the patients who retained
the implant, 97.2% reported a clinically significant improvement in pain, 90.5% reported a clinically
significant improvement in FAAM ADL, and 93.3% reported a clinically significant improvement in FAAM
sports. Independent radiographic review found no evidence of avascular necrosis, device migration, or
fragmentation. Because there was no follow-up of the arthrodesis arm from the randomized ftrial,
conclusions about the comparative effectiveness of the 2 treatment options are limited.

Comparative Observational Study
Joo et al (2021) conducted a retrospective review of 181 patients who underwent arthrodesis (n=122) or
Cartiva implant (n=59) at their institution. At baseline, patients receiving Cartiva had higher physical function
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scores (47.1) than those undergoing arthrodesis (43.9: p<.01), and this difference remained significant at
the mean final follow up of 33 months (51.4 vs. 45.9; p<.01). Pain interference scores were similar between
groups at baseline (57.4 vs. 55.6; p=.07) and remained similar at final follow up (46.9 vs. 48.2; p=.49).
Significant pain was reported by 4 patients (10%) in the Cartiva group and 5 patients (8%) in the arthrodesis
group at final follow-up (p=.76). Complications occurred in 3 (2.4%) patients in the arthrodesis group and 2
(3%) in the Cartiva group (p=.72).

Case Series

Cassinelli et al (2019) conducted a retrospective review of early outcomes and complications from the
Cartiva implant for the treatment of hallux rigidus at their institution. Sixty consecutive patients treated
between August 2016 and April 2018 with a mean of 15 months of follow-up (range, 2 to 30) were
included. Out of 60 patients (64 implants), 30% of patients underwent magnetic resonance imaging (MRI)
due to pain, 20% had additional surgery and 38% were unsatisfied or very unsatisfied. Magnetic
resonance imaging showed residual capsular inflammation, bone marrow edema, and degenerative
changes/edema of the phalanx or metatarsal. A limitation of these results is that 45% of patients
underwent additional procedures at the time of implantation and 23% had prior surgery of the hallux.
Therefore, these results are not representative of isolated implant procedures but may be indicative of
results outside of the investigational setting.

In a subsequent report, An et al (2019) provided further detail on the 16 of 60 (27%) treated patients from
their institution who were evaluated for persistent pain following Cartiva implantation. There was a
reduction of joint space on plain radiographs, MRI showed a reduction in implant diameter from 10 mm to
9.7 (standard deviation [SD] 0.4) mm and bony channel widening to 11.2 (SD 0.8) mm. Peri-implant fluid
suggested instability at the implant-bone interface. There was also evidence of subsidence, with the
implant below the subchondral bone of the metatarsal head, and persistent edema was observed in all 16
cases. Radiographic findings from another series of 27 consecutive patients by Shi et al (2019) also
suggested subsidence of the implant into the soft medullary canal An analysis of the Manufacturer and
User Facility Device Experience (MAUDE) also found subsidence to be a concern with 16 voluntary
reports between July 2016 and October 2019. It has been noted that the implants in the reports by
Cassinelli et al and An et al were initially seated 2 to 2.5 mm above the adjacent bone, rather than the 0.5
to 1.5 mm that is recommended by the manufacturer. Further study is needed to clarify these issues.

Table 10. Summary of Key Case Series Characteristics

TP - Follow-
Study Country/institution Participants Up
Glazebrook et al 152 randomized and roll-in patients treated with
(2018) US, Canada, EU Cartiva cartilage implant from the pivotal trial Syr
Cassinelli et al US 60 patients who received the Cartiva implant
(2019) between August 2016 and April 2018
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Table 11. Summary of Key Case Series Results

Study Baseline Follow-up
Glazebrook et al (2018) 2 Year 5 Year
n (%) 152 135 112

(88.8%) (73.6%)

14/135 23/112
; i 0
Cumulative Device Removals, n (%) (10.4%) (20.5%)
Numb.e.r of Patients with Device Present at 5 Years and Assessed 106 106 106
for Clinical Outcomes
100/106 103/106
. . . 200
Patients Reporting Pain VAS 230% decrease (94.3%) (97.2%)
98/105 95/105
S L o
FAAM ADL 2 8 points increase, n (%) (93.3%) (90.5%)
L 94/103 97/104
>
FAAM Sports 2 9 points increase (91.3%) (93.3%)
15 mo
Cassinelli et al (2019) (range 2 -
30)

Patients unsatisfied and very unsatisfied 64 (2: é?/:l)
Magnetic resonance imaging due to pain 19/64
13/64

Reoperation Rate (20%)

ADL: activities of daily living; FAAM: Foot and Ankle Ability Measure; VAS: visual analog score.

Section Summary

Results at 2 years from the pivotal non-inferiority trial of the Cartiva implant showed pain scores that were
slightly worse compared to patients treated with arthrodesis and similar outcomes between the groups for
ADL and sports. In a non-inferiority trial, some benefit should be observed to justify the non-inferiority
margin. However, the benefit of Cartiva with respect to increased range of motion does not appear to
translate to improved ADL, sports activities, or patient report of well-being compared to arthrodesis. In
addition, the Cartiva group showed a higher rate of adverse outcomes (Moderate Difficulty, Extreme
Difficulty, and Unable to Do) compared to the arthrodesis group for walking for 15 min (16% vs. 0%), Up
Stairs (6% vs. 0%) and Squats (19% vs. 8%). Some bias in favor of the novel motion preserving implant
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was also possible, as suggested by the high dropout rate in the arthrodesis group after randomization.
Five-year follow-up of both the randomized and run-in patients who received an implant was reported in
2018 for 135 of 152 patients. At this time point, 15% of implants had been removed with conversion to
arthrodesis. There are additional safety signals in an independent study by Cassinelli et al. (2019) and An
et al. (2019). In that report, 30% of patients underwent magnetic resonance imaging due to pain, 20% had
additional surgery and 38% were unsatisfied or very unsatisfied. Review of the MAUDE database found
that Cartiva accounted for one-fourth of the implant-related adverse events during the study period. A
retrospective comparative observational study found few differences in either safety or efficacy between
arthrodesis and Cartiva with a limited mean follow-up of 33 months. Further long-term study of potential
adverse events with this novel technology is needed. In addition, comparison to arthrodesis at long-term
follow-up is needed to determine whether the implant improves function.

SUPPLEMENTAL INFORMATION

The purpose of the following information is to provide reference material. Inclusion does not imply
endorsement or alignment with the evidence review conclusions.

Practice Guidelines and Position Statements

Guidelines or position statements will be considered for inclusion in ‘Supplemental Information’ if they
were issued by, or jointly by, a US professional society, an international society with US representation, or
National Institute for Health and Care Excellence (NICE). Priority will be given to guidelines that are
informed by a systematic review, include strength of evidence ratings, and include a description of
management of conflict of interest.

National Institute for Health and Care Excellence (NICE)

Guidance from the United Kingdom’s National Institute for Health and Care Excellence concludes that
evidence on the safety and efficacy of metatarsophalangeal joint replacement of the hallux appears
adequate to support use of this procedure (IPG140), but evidence on the efficacy of the synthetic
cartilage implant insertion is limited in quantity and quality and should only be used with special
arrangements for clinical governance, consent, and audit or research (IPG727).

Ongoing and Unpublished Clinical Trials
Some currently ongoing and unpublished trials that might influence this review can be located at
clinicaltrials.gov.
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CODES

To report provider services, use appropriate CPT codes, HCPCS codes, Revenue codes, and/or ICD
diagnosis codes.

Codes Number Description
CPT

28291 Hallux rigidus correction with cheilectomy, debridement and capsular
release of the first metatarsophalangeal joint; with implant

HCPCS
L8641 Metatarsal joint implant
L8642 Hallux implant
L8699 Prosthetic Implant, not otherwise specified

Type of Service Surgical

Place of Service Inpatient or
Outpatient
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POLICY HISTORY

Date

September 2025
December 2024

December 2023
December 2022

December 2021

December 2020

December 2019

December 2018

Reason

Annual Review

Annual Review

Annual Review

Annual Review

Annual Review

Annual Review

Annual Review

Action

Policy Renewed
Policy Revised
Policy Revised
Policy Renewed
Policy Revised
Policy Revised
Policy Revised

New Policy

New information or technology that would be relevant for Wellmark to consider when this policy is next
reviewed may be submitted to:

Wellmark Blue Cross and Blue Shield

Medical Policy Analyst

PO Box 9232

Des Moines, 1A 50306-9232

*CPT® is a registered trademark of the American Medical Association.

Wellmark Blue Cross and Blue Shield is an independent licensee of the Blue Cross and Blue Shield Association.
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