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INTRODUCTION
Sigvard Hansen differentiates the joints of the foot into 3
categories: essential, nonessential but useful, and unnecessary
(1). When considering surgical treatment options for
recalcitrant arthritis, arthrodesis of essential joints should
be avoided when possible due to increased stress and strain
applied to the surrounding joints increasing the likelihood
of arthritis in these joints. The ankle, subtalar, talonavicular,
and the 2-5 metatarsophalangeal joints (MPJ) are essential
joints in the foot. The nonessential but useful joints for
normal ambulation are the first MPJ and the fourth and
fifth tarsometatarsal joints (TMTJ) (1). Clinical and patient
factors may preclude arthrodesis for useful and nonessential
joints. These factors include patient refusal, infection, poor
bone quality, demanding postoperative regimen, and other
patient comorbidities (2,3). Alternatives to arthrodesis
for essential and useful joints should be considered when
these factors are at play. Interpositional arthroplasty for
useful joints is a viable alternative to arthrodesis (2,3).
Interpositional arthroplasty diminishes the stress applied
to surrounding joints by allowing continued motion at the
arthroplasty site (2).
Options for interpositional arthroplasty include autograft
from surrounding muscle and tendon including the EDB for
the fourth and fifth TMTJ and adductor tendon for the first
MPJ (2-6). An autograft is a viable option for interposition
using intrinsic structures of the foot; but there are negatives
to this method including longer operating room times,
further anatomic disruption, and loss of function of the
sacrificed intrinsic structure (2,3). Other options include
capsular interposition utilizing a purse-string technique,
or alternative allografts (2). Various allograft options have
been used historically and continue to be utilized. These
include autogenous fascia lata, gracilis autograft, tendon
allograft, amniotic membrane graft, collagenous tissue
matrix, and meniscal allograft (6-8). All of these options
report favorable outcomes, however, interpretation of this
is limited due to the nonuniformity of outcome measures

(6-8). To date, there are no high-quality level 1 studies
describing outcomes of interposition arthroplasty (6-8). A
recent evidence-based literature review found no consistent
findings in comparative studies, that are properly powered
with validated/appropriate outcome measures to allow any
definitive conclusions on which procedure is best (9,10).

ACELLULAR DERMAL MATRIX
Acellular dermal matrix (ADM), specifically GraftJacket
(Wright Medical Group) is a viable allograft option. ADM
is comprised of a human dermal collagen matrix that
undergoes a patented process, which renders the material
essentially acellular (11). The matrix provides a scaffold
for host cell repopulation, revascularization, and ultimately
the ability to convert into host tissue (11). For use in
interpositional arthroplasty, this characteristic is useful due
to host remodeling of the graft with durable fibrotic tissue
(11). ADM has been used successfully in the ankle joint
for interpositional arthroplasty due to its versatility and
reliability (3,12,13). This material has been shown to be
a successful option for interposition in the ankle joint, the
fourth and fifth TMTJ, the first MPJ, and particularly useful
as an option when there is an infection involved (3,12,13).
Previous studies show improved AOFAS scores and high
patient satisfaction with the interposition of the ankle joint
with ADM (3,12,13). Two cases that will be presented
that utilize ADM for interpositional arthroplasty in both
nonessential but useful joints of the foot.

CASE REPORTS
Interpositional ADM Allograft Following Failed HemiImplant With Infection in the First MPJ
A 64-year-old man presented for 6-month follow-up
after a right first MPJ hemi-implant with an edematous
and erythematous right hallux. Upon radiographic
evaluation, there was increased lucency and subsidence
noted surrounding the implant (Figure 1 and Figure 2).
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Figure 1. Anteroposterior view preoperative
radiograph, note subsidence of proximal phalanx.

Figure 2. MO view preoperative radiograph.

Figure 3. Hemi implant subsidence.

Figure 4. Measurement of the first metatarsal head
and appropriate coverage of sesamoid apparatus.

Surgical intervention was deemed necessary due to concern
for infection versus implant reaction. Arthrodesis and
arthroplasty options were discussed with the patient. The
patient, along with the surgical team, chose arthroplasty
due to concern with retained hardware in a possibly infected
area, and patient concern for the loss of mobility of the
digit. During the procedure, purulence was expressed along
with deep necrotic tissue and bone to the proximal phalanx
of the hallux with subsidence of the hemi-implant (Figure
3). Additionally, necrosis of the metatarsal head was noted.
Intraoperative cultures were obtained and the implant was

removed along with all necrotic and infected soft tissue and
bone including the EHL, a large portion of the proximal
phalanx of the hallux, and a portion of the metatarsal head.
Intraoperative options were to utilize the adductor
tendon or to use ADM for interposition. It was determined
that due to the infected tissue, the ADM along with antibiotic
powder would be the superior option. This decision was
solidified due to no contraindications of using ADM in
the presence of infection.When the intraoperative decision
was made, the first metatarsal head was measured (Figure
4). The corresponding measurements were translated to
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Figure 5. Utilizing the measurements of the head
of the metatarsal and reformatting on the Acellular
Dermal Matrix.

Figure 6. Kirschner wire orientation for the drill bit
holes.

Figure 7. Suture the corners of the Acellular
Dermal Matrix.

Figure 8. Affixing the Acellular Dermal Matrix over
the first metatarsal head by passing the suture from
plantar to dorsal with the use of wire passers.

the ADM and then cut for proper fit overlying the first
metatarsal head (Figure 5). Utilizing a 0.062 Kirschner
wire, 2 holes were made in the first metatarsal neck to suture
anchor the allograft in place; one from the dorsal-medial to
lateral-plantar aspect, and the other from the dorsal-lateral
to plantar medial aspect, just proximal to the sesamoid
apparatus (Figure 6). Next, 2-0 monocryl (Ethicon) was
sutured in place to 2 corners of the ADM on one side
(Figure 7). The tails were then passed through the anchor
holes from plantar to dorsal, utilizing a suture passer and
allowing the graft to be interposed plantar to the metatarsal

head between the head and the sesamoid apparatus (Figure
8). The ADM was then draped over the distal and dorsal
metatarsal head and was secured in place with the suture
tails (Figure 9). This fixation method ensures the graft will
stay in place around the distal aspect of the joint. The joint
was manipulated intraoperatively and noted to be adequate
in dorsiflexion and plantarflexion range of motion.
Prior to incision closure, the wound was irrigated with
copious amounts of saline and then supplemented with
vancomycin powder. Postoperative radiographs were taken
following the procedure (Figure 10). Due to the extent
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Figure 9. Graft sutured in place.

Figure 10. Postoperative radiograph.

Figure 11. Preoperative radiograph.

Figure 12. Dorsal osteophytes are identified and
resected.

of intraoperative infection discovered, the patient was
discharged on oral antibiotics (doxycycline) and infectious
disease was consulted. Following intraoperative culture
results of methicillin-resistant Staphylococcus aureus
susceptible to doxycycline and vancomycin, the patient
was converted to intravenous vancomycin via peripherally
inserted central line for 4 weeks. The patient is doing well at
2 months postoperatively, off of antibiotics, with no further
signs of infection and ambulating with no pain.

Fourth and Fifth TMTJ Interpositional Arthoplasty
With Acellular Dermal Matrix Allograft
A healthy, active, 41-year-old man presented with a chief
report of pain at his fourth and fifth TMTJ, which had
progressively gotten worse over the last 3 years despite
conservative treatment including corticosteroid injections,
orthotics, and over the counter anti-inflammatories. He
stated that the pain had limited his activity and lead to
weight gain. Preoperative radiographs showed loss of joint
space and osteophyte formation to the fourth and fifth
TMTJs (Figure 11).
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Figure 13. The joints are distracted and plantar
osteophytes have been resected.

Figure 14. Acellular Dermal Matrix is inserted into
the joint space.

Figure 15. Position of the Acellular Dermal Matrix
is secured in place by compressing the joint and
suturing it in place.

Figure 16. Preoperative radiograph.

After exhausting conservative treatment, the patient
elected for surgical intervention. Exposure of the joints
showed extensive osteophyte formation in both joints
(Figure 12). All dorsal osteophytes were resected revealing
more defined joint spaces (Figure 13). Next, the joints
were distracted and the plantar osteophytes were resected.
Damaged and synovitic tissue was resected. A single piece of
ADM was interposed into both joints after length and depth
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were measured (Figure 14). The ADM was sutured in place
dorsally to help prevent displacement of the graft (Figure
15). Intraoperative fluoroscopy was used to ensure that all
osteophytes were resected. Preoperative and postoperative
radiograph comparison shows the removal of osteophytes,
and adequate joint space preserved by the allograft (Figure
16 and Figure 17).
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Figure 17. Postoperative radiograph.

DISCUSSION
With the prevalence of hallux rigidus being the highest
incidence of osteoarthritis in the foot, a multitude of
treatment options can be utilized depending on the grade
of severity of the condition (3,7,8). The gold standard
for advanced-stage hallux rigidus is arthrodesis, but this
requires joint destruction, which is not an attractive option
for some patients. There is increasing popularity for joint
replacement surgery throughout the entire body including
the first MPJ (14). Therefore, to determine the success of
implant arthroplasty of the first MPJ, Salonga et al produced
a retrospective review outlining the incidence of pertinent
clinical data (15). Their results included 11 with antalgic gait
(13.92%), 74 with normal hallux purchase (93.67%), 49 with
satisfaction with the appearance of the great toe (62.03%),
42 with the ability to wear conventional shoes (53.16%); 45
with freedom from pain (56.96%), and 68 with satisfaction
or high level of satisfaction with the outcome (86.08%).
Other reports showcase that the first MPJ implants have an
overall satisfaction rate of around 85% (15,16). These reports
of satisfaction are similar to the results seen with first MPJ
arthrodesis (9). Thus, both surgical procedures prove the
variability of procedure selection for end-stage hallux limitus.
The most confounding evidence against the first MPJ
implants is the failure rate and long-term outcomes (16).
Konkel published long term results of the hemi-implant of
the great toe joint and found that subsidence and lucency
in all 9 patients and a painful fracture in 1 patient (16,17).
They went on to conclude that the ultimate longevity of the
implant should be questioned. These complications become
especially troubling when there is associated infection with
the failure of the first MPJ implant. While this complication

is rare, it can lead to devastating consequences including
ray resection and thus provoke the necessity for a salvage
procedure. One option that the senior author would suggest
is the interpositional arthroplasty for failed first MPJ implant.
Khoury et al published a case report utilizing ADM for first
MPJ interpositional arthroplasty following the failure of
the first MPJ implant due to infection (18). These authors
went on to discuss that bone block arthrodesis may be the
more permanent option for this type of failure. However,
in the setting of acute infection, ADM for interposition
diminishes the risk of further hardware infection and is a
viable option for some patients. ADM has also been used
when there is not an infection present, as published by
Berlet et al (19). A total of 9 patients with grade 3 hallux
rigidus were treated with interpositional arthroplasty
involving ADM. The authors found no complications at a
12-month follow up and found significant improvements in
the AOFAS score with a mean improvement of 25.4 points
comparing preoperative AOFAS to most recent clinical
follow-up AOFAS scores (19). The mean AOFAS score
postoperatively was 87.9, which is comparable to a published
postoperative AOFAS score for first MPJ arthrodesis (9).
Therefore, if a practitioner is faced with the intraoperative
finding of infection, ADM may be used either temporarily
until the infection is eradicated, or as a long-term alternative
to arthrodesis. Intraoperative cultures should be taken in
the setting of infection and infectious disease consultation
should be utilized to adequately target antibiotic therapy.
At approximately 6 weeks postoperatively, our patient is
ambulating in a postoperative shoe and is finishing his last 2
weeks of intravenous antibiotics. The patient is satisfied with
the result thus far. Longer-term follow up will be required
to determine the overall success of this method.
Fourth and fifth tarsometatarsal arthritis is a condition
that is relatively common and surgical options are limited.
The most common cause of midfoot arthritis is trauma
(20). Mann et al suggest that atraumatic arthrosis in this
area is more common in the neutral or supinated foot
(20). The tarsometatarsal joints have been demonstrated to
show a critical role in load transfer during the gait cycle
and in regulating contact pressures of the midfoot (4,20).
The longitudinal arch derives its stability primarily from
the second metatarsal base, functioning as a keystone. It is
generally accepted that while the 3 medial rays are relatively
immobile, the fourth and fifth ray are mobile and function
as a unit about an independent axis (4,20). As mentioned
above, the fourth and fifth TMTJ are nonessential, but
useful joints (1).
Currently, there are two main categories of surgical
options: motion-preserving and motion eliminating
(4,5). The motion preserving category includes ceramic
interpositional arthroplasty, resection arthroplasty, and
tendon interposition procedures (4,5). Motion eliminating
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includes arthrodesis by various fixation types. Shawen et
al did a study with 11 patients who underwent resection
arthroplasty of the base of the fourth or fifth metatarsals
with ceramic ball interposition. These patients had an
improvement of AOFAS and visual analog scale scores
postoperatively. However, no formal postoperative
measurement data were given to support maintenance of
the motion in the lateral midfoot following this procedure
(21). Also, there are no long-term studies to show the longterm reliability of ceramic ball interposition or the life-span
of the ceramic balls.
Additional risks include joint and implant dislocation.
Berlet et al showed 12 patients who had an improvement
of AOFAS scores postoperatively following resection
arthroplasty and tendon interposition (6). However, again,
no formal documentation of pre- or postoperative range of
motion of the fourth and fifth TMTJ was made, nor was
there any documentation of pre- or postoperative pain
reduction. Complications of arthrodesis include non-union,
mal-union, broken hardware, stress fractures, foot stiffness,
abnormal loading, and arthrosis in adjacent joints particularly
the calcaneocuboid joint (21,22). Arthrodesis on these
joints can lead to increased pain and iatrogenic dysfunction
(23). We believe that utilizing ADM as an interposition for
arthroplasty helps reduce pain postoperatively and maintains
motion at the fourth and fifth TMTJ. Also, it does not
compromise any intrinsic structures. The patient is doing
well postoperatively and is satisfied.
In conclusion, ADM is a product that has the potential
to be used in a variety of surgical cases. These 2 unique cases
represent the versatility of using ADM for interpositional
arthroplasty, along with the other applications discussed
above. Interpositional arthroplasty is a good alternative
to arthrodesis because it does not damage intrinsic muscle
functions, does not damage joints and maintains joint
mobility. This is especially important because the first MPJ
and the fourth, fifth TMTJs are nonessential but useful joints
in the foot. Eliminating motion at these joints can lead to
complications with gait and ambulation. Additionally, the
ability to use this product when infection is present increases
its versatility and gives the surgeon the option to avoid
amputation in some cases. ADM is a versatile product and a
useful tool for surgeons to prevent unnecessary arthrodesis
and amputation in the foot.
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