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Abstract. Background and aim.: Hallux rigidus represent a surgical challenge, with a multitude of possible
surgical options, but with no ideal procedures. The propose of this paper was to review the actual knowledge
on the operative techniques, paying particular attention to the evolution of interposition arthroplasties, as
an alternative to arthrodesis and prosthesis in the advanced stages of the disease. Mezhods: A comprehen-
sive literature PubMed search was performed, and the actual literature regarding hallux rigidus was over-
viewed. The operative and nonoperative options for HR were described. Studies on interposition arthroplasty
were classified by publication year, summarizing the operative technique, results and complications. Resu/fs:
Among the various techniques for interposition arthroplasty, the Modified Oblique Keller Interposition
Arthtoplasty (MOKCIA) showed the lower complication rate. It does not sacrifice the insertion of the flexor
halluces brevis, maintaining the stability, length and strength of the big toe. Conclusions: Although long-term
randomized controlled trials are lacking for interposition arthroplasties, the reported results are comparable
to the other alternatives for the treatment of end-stage hallux rigidus, making this technique a valid alterna-
tive also in the young active patient, without precluding other end-stage procedures in case of failure. Based
on the current knowledge, a treatment algorithm was developed, according to the Coughlin classification.
(www.actabiomedica.it)
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metatarsal. Hallux limitus may progress to hallux
rigidus, thus there may be overlapping of the two
conditions (4).

Hallux rigidus (HR) is a common pathologic

condition affecting the first metatarsophalangeal joint
(FMTP]J), second in incidence only to hallux valgus,
affecting 1 in 40 people over the age of 60 (1). Degen-
erative arthritis of the FMTP] was initially reported
by Davies-Colley in 1887 (2), although Cotterill first
proposed the term hallux rigidus (3).

Hallux rigidus is defined as a painful and stiff
arthritic joint, whereas hallux limitus is defined as
functional pain and stiffness due to plantar fascia
and flexor hallucis longus tendon (FHL) tightness,
eventually associated with a long and elevated first

In 1988 Hattrup and Johnson published the most
common classification system used in the orthopedic
literature (Table 1), based on radiographic findings (5).
Lately Coughlin and Shurnas introduced a new clas-
sification method, including radiographic and clinical
information (Table 2) (6).

A review of 18 HR classification systems reported
in literature found no reliability and scientific validity
in most of the classifications. The authors concluded
that the system proposed by Coughlin and Shurnas
most closely approximates the gold standard (7).
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The etiology of HR is not well understood, albeit
demographic studies attempted to correlate with its
incidence. A familiar history was present in about 66%
of patients. Patients with a familiar history had bilat-
eral involvement in 95% of cases. Unilateral cases were
instead associated with a history of trauma in 78% of
cases. Female sex represented 62-69% of cases. There
was no clear correlation with flat foot, Achilles ten-
don contracture, hallux valgus, metatarsus adductus,
long first metatarsal, first ray hypermobility, shoe wear
or occupation. HR was associated with hallux valgus
interphalangeus, but it was hypothesized that as the
FMTP] becomes more resistant to transverse plane de-
formity, this predisposes to hallux valgus interphalan-
geus as a consequence (8). DuVries hypothesized that
a round or oval joint was less stable and thus more

Table 1. 1988 Hattrup and Johnson classification

I Preservation of joint space
Mild osteophyte formation

IT | Less than 50% joint space narrowing
Moderate osteophyte formation
Subchondral sclerosis

III | More than 50% loss of joint space
Marked osteophyte formation

+ subchondral cyst formation and loose bodies

Table 2.2003 Coughlin and Shurnas classification

prone to hallux valgus, while a flat or chevron-shaped
joint was more stable and prone to hallux rigidus (9).

Development of degenerative changes can also be
secondary to repetitive stress or inflammatory or meta-
bolic conditions such as gout, rheumatoid arthritis and
seronegative arthropathies (10). Osteochondritis dis-
secans was also described as a possible cause (11).

Lambrinudi theorized that an elevated first meta-
tarsal leads to excessive plantarflexion of the phalanx
resulting in a flexion contracture of the joint (12). This
hypothesis was confirmed by more recent studies, but
reporting that the elevation of the first metatarsal has
to be considered more as a consequence than a cause of
HR, and more common in its final stages (8,13).

The mean age at onset of symptoms is 43 years (8).
The classical finding is represented by the restricted
and painful range of motion (ROM), particularly dor-
siflexion. As the disease progresses, dorsal osteophytes
may form, causing conflict with the shoe. High heels
are usually not tolerated. Patients may complain about
numbness along the medial border of the great toe as
the osteophytes can compress on the dorsomedial cuta-
neous nerve. Bursitis or skin ulcerations can be found.
Patients with HR may present gait pattern alterations,
walking on the lateral aspect of the foot, attempting to
reduce load on the FMTP] (14).

Grade | Dorsiflexion | X-rays Clinical findings
0 40-60° Normal No pain
Only moderate stiffness
1 30-40° Dorsal osteophyte Mild intermittent pain evoked at
Minimal joint space narrowing maximum degrees of ROM
Minimal periarticular sclerosis, minimal flattening of Mild stiffness
metatarsal head
2 10-30° Dorsal, lateral, and possibly medial osteophytes giving Moderate-to-severe pain and stiffness
flattened appearance to metatarsal head that may be constant
No more than % if dorsal joint space involved on lateral Pain occurs just before maximum
radiograph, mild-to-moderate joint-space narrowing and dorsiflexion and maximum plantar flexion
sclerosis, sesamoids not usually involved on examination
3 <10° Same as in grade 2 but with substantial narrowing, possibly | Nearly constant pain and substantial
periarticular cystic changes, more than % of dorsal joint stiffness at extremes of range of motion
space involved on lateral radiograph, sesamoids enlarged but not at mid-range
and/or cystic and/or irregular
4 <10° Same as grade 3 Same criteria as grade 3 but there is
definite pain at mid-range of passive
motion
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As the disease progresses it is possible to observe
a plantarflexion of the proximal phalanx with painful
interphalangeal joint hyperextension as compensa-
tion of restricted FMTPJ dorsiflexion. Pain at the first
metatarsal-cuneiform joint may also occur as a com-
pensation of the restricted FMTP] movement (15).

In milder forms of HR, pain usually occurs near
the end of dorsiflexion, while midrange pain indicates
more severe arthritis (4).

The present study was conceived as a narrative
description of current knowledge on HR. The opera-
tive techniques have all been described, but particular
attention has been paid to the evolution of interposi-
tion arthroplasties, which have often been described
as a marginal procedure, but which nevertheless pro-
vide a valid alternative to arthrodesis and prosthesis in
the advanced stages of the disease, without precluding
the execution of other end-stage procedures in case
of failure.

A comprehensive literature search using PubMed
database has been performed, using various combina-
tions of the keyword terms “hallux rigidus”, “hallux
limitus”, “non-operative”, “conservative”, “surgery”,
“treatment”, “osteotomy”, “arthodesis”, “fusion”,

“arthroplasty”,  “hemiarthroplasty”,

“interposition”, “cheilectomy”, “arthroscopy”, “arthro-

« »
replacement”,

desis”, “arthrodiastasis”.

English language full-text articles were ordered,
and citations from the selected papers were analyzed.
Only articles published in peer-reviewed journals and
authoritative books were included in this review. Rele-
vant data were then extracted and collected to describe
the actual operative and nonoperative options for HR.
Finally, a simplified treatment algorithm has been de-
scribed, based on the current knowledge.

Nonoperative Management

Nonoperative treatment for HR should always
be attempted before surgery. Medical therapy by oral
nonsteroidal anti-inflammatory drugs may reduce
swelling and joint pain. However, they are often insuf-
ficient or transient (14).

Articular injections showed to provide pain re-
lief particularly in patients with early stage HR. One

study evaluating manipulation under anesthesia and
intra-articular steroid injection, found out that most
of the patients with low grade HR had benefited for
about six months while one-third required surgery;
mid-grade patients experienced pain relief for about
three months with two-thirds requiring surgery; high
grade patients had minimal benefit and all required
surgery (16).

Rocker-bottom soles can reduce painful dor-
siflexion by avoiding the foot and the shoe to bend.
Shoes with high toe box can prevent direct contact
with the dorsal osteophytes. It was demonstrated that
47% of patients responded to custom orthoses alone
while another 10% responded to simple shoe modifi-
cations (11).

Physical therapy involves joint mobilization and
manipulation to improve the ROM. Gaiting training,
ice packs and rest reduce pain and inflammation. The
use of physical therapies such as extracorporeal shock-
wave therapy, iontophoresis and ultrasound therapy
were also proposed, but with little evidence (17).

Anyway, the literature agree that conservative
management cannot stop the degenerative progression

of the disease (18).

Operative Management

When conservative management fails, a variety
of surgical options are available. Joint-sparing proce-
dures are generally preferred in the early stages, while
in cases of severe arthritis, joint-sacrificing procedures
are indicated. The choice is based on the degree of HR,
patient’s age, motivation, activity level and expecta-
tions. Different techniques have been proposed, but
the optimal operative technique has yet to be defined.

Joint-sparing procedures
CHEILECTOMY

Cheilectomy is a joint-sparing technique popu-
larized by Mann et al. in 1979 (19), involving the re-
section of 25-30% of the dorsal metatarsal head. In
addition, intra-articular loose bodies and metatarsal or
phalangeal osteophytes are removed, and the medial,
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Figure 1. Cheilectomy involves the resection of 25-30% of the
dorsal metatarsal head and removal of osteophytes localized in
the metatarsal head and proximal phalanx.

lateral and plantar capsule is released. More than 30%
of the dorsal metatarsal head removal is not advised
to avoid joint instability and hallux weakening or de-
formity (Figure 1).

Despite overall good clinical outcomes, with low
complication rate (0-3%) (20), cheilectomy does not
prevent the progression of the disease and so it is rarely
a definitive solution. Recurrence of a dorsal exostosis
was found in up to 30% of patients, with arthritic pro-
gression. However further operative treatments are not
compromised in case of failure (10).

The literature agrees that cheilectomy is indicated
in case of end range pain localized on the dorsal exos-
tosis, with minimal or no pain through the midrange of
motion (6). Retrospective case series reported good re-
sults in early stages, with success rates ranging from 72%
to 100%, but poorer results for advanced disease (11).

PHALANGEAL OSTEOTOMY

Bonney and Macnab first described a dorsal
closing wedge osteotomy of the proximal phalanx in
1952. The procedure shifted the limited arc of FMTP]

motion dorsally and placed the hallux into more

Figure 2. Moberg osteotomy is a dorsal closing wedge oste-
otomy of the proximal phalanx.

dorsiflexed position, allowing for improved function
(Figure 2). Later Moberg published a small case series
with satisfactory outcomes (21).

Several investigators reported on the use of this
osteotomy in conjunction with a cheilectomy, with bet-
ter results than cheilectomy alone. The authors agree
that a Moberg osteotomy should be supplemented if
a 70° dorsiflexion cannot be achieved intraoperatively
with cheilectomy alone (22).

A “peg-in-hole” osteotomy was then described by
Regnauld in 1986 (23).

METATARSAL OSTEOTOMY

Many of these osteotomies were conceived to
correct a long first metatarsal or a metatarsus primus
elevatus, in the hypothesis that these are the causes of
the disease in some cases. However, the exact role of
both conditions as etiologic factors is controversial.
Some studies found that a long first metatarsal was not
more common in patients with HR than in the gen-
eral population (24). They demonstrated that 94% of
patients with HR has a normal amount of metatarsal
elevation (8). The elevation of the first metatarsal was
more common in the final stages of HR, and so it ap-
peared more as a consequence than a cause of HR (13).
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The rationale of metatarsal osteotomies is to
obtain a longitudinal decompression of the joint by
obtaining a metatarsal shortening with concomitant
plantar translation, allowing the surrounding soft tis-
sues (plantar fascia, long flexors and extensors, capsule)
to relax. The stability of fixation is crucial to allow im-
mediate active and passive motion exercises.

Watermann in 1927 was the first to report a distal
dorsal closing wedge osteotomy of the first metatarsal.
It was designed to relocate the viable plantar cartilage
to a more dorsal location, allowing better dorsiflexion.
The major disadvantage is that the osteotomy is rela-
tively unstable due to the perpendicular orientation of
the osteotomy, with difficult fixation. Moreover, it does
not shorten the first metatarsal and it may exacerbate
a metatarsus primus elevatus, and it does not relax the
plantar fascia (25).

In 1982 Youngswick described a modification
to the Austin (chevron-type) distal osteotomy. His
modification consisted in making a second osteotomy
parallel to the dorsal limb of the V-shaped osteotomy
(Figure 3), to translate the metatarsal head plantar-
ward and backward to decompress the joint (26). One

of the advantages of this osteotomy is its stability, al-
lowing early range of motion exercises.

The authors started to use this technique in index
plus forefeet, but the procedure was lately performed
also in index minus forefeet with similar results. At
present, the authors indicate this osteotomy without
taking care of the metatarsal index, because shortening
is compensated by plantarization (27).

The Reverdin Green osteotomy is a modification
of the Youngswick procedure, with the excised bone
block implanted in the plantar limb of the osteotomy
to further translate the metatarsal head plantarwards.
This procedure was abandoned due to the high rate of
complications (28).

Distal oblique sliding osteotomy (Weil osteotomy)
is a single, dorsal-distal to plantar-proximal osteotomy
line, beginning just proximal to the articular surface and
running parallel to the ground (Figure 4) (29).

Sagittal Z osteotomy is performed creating two
parallel arms perpendicular to the long axis of the
metatarsal bone, a lateral distal and a proximal medial
arm, linked by a central arm running sagittally. The
sagittal Z osteotomy aims at shortening and thereby

Figure 3. Youngswick is a modification of the Austin (chevron-
type) distal osteotomy, with a second osteotomy parallel to the
dorsal limb of the V-shaped osteotomy, to translate the meta-
tarsal head plantarward and backward to decompress the joint.
Osteophyte removal is also represented.

Figure 4. Distal oblique sliding (Weil) osteotomy is charac-

terized by a single, dorsal-distal to plantar-proximal oriented

osteotomy, translating the metatarsal head plantarward and
backward to decompress the joint. Osteophyte removal is also
represented.
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decompressing the FMTPJ], while allowing plan-
tarflexion. The advantage is represented by the wide
contact area for bone healing, stability and low risk of
bone necrosis (30).

Drago et al. described a double osteotomy con-
sisting distally of a Watermann procedure, with asso-
ciated a proximal plantar flexing osteotomy. The aim
was to add the metatarsal plantarflexion, impossible to
achieve with the distal osteotomy alone (31).

The sagittal V procedure is a V-shaped osteotomy
of the metatarsal neck. The osteotomy is oriented in
the sagittal plane, with apex distally (32).

One study tested the mechanical strength of three
types of osteotomies, including Youngswick, sagittal V,
and Weil, founding that the sagittal V osteotomy was
significantly weaker and less stiff (33).

First metatarsal-cuneiform arthrodesis according
to Lapidus addresses multiple issues of hallux limitus,
specifically elevation and elongation. With a plantar
wedge resection at the first metatarsal-cuneiform joint,
the first metatarsal can be plantarflexed and shortened
accordingly. Cheilectomy can be associated to increase
dorsiflexion (34).

A recent review of the literature on metatarsal
osteotomies has revealed an increase in dorsiflexion of
10.4°, with a clinical improvement of 39 points on the
AQOFAS scale, however with a satisfaction rate of only
73.3%, moreover with a high number of reoperations for
hardware removal, lesser metatarsals osteotomies, Keller
and treatment of infections and non-unions. The rate of
post-operative metatarsalgia was 30.5%, so that the au-
thors recommended caution with these procedures (35).

ARTHRODIASTASIS

Arthodiastasis involves extra-articular distraction
of the FMTP]J. This is based on the principle that of-
floading the articular surfaces can stimulate cartilage
healing, with pain reduction and ROM improvement.
Indications for arthrodiastasis of the FMTP] include
a congruent but painful and stiff joint, with moderate
arthritic changes. The procedure involves the use of a
hinged or a fixed mini external fixator to obtain dis-
traction, and it can be associated with other periarticu-
lar procedures, such as a cheilectomy, microfractures,
or metatarsal osteotomies (36).

The disadvantage of the procedure is the need to
carry an external fixator for about two months.

ARTHROSCOPY

This procedure was first described by Watanabe
in 1972 (37). Ferkel then described the first systematic
arthroscopy in 1996 (38).

It is mainly indicated for early grade HR with
joint motion still preserved, for arthroscopic debride-
ment and dorsal cheilectomy. Advantages include
smaller incisions, reduced operative morbidity and
rapid rehabilitation. In addition, joint visualization is
possible, which allows for identification of concomi-
tant pathologies. If visualization of the joint is limited,
the dorsomedial portal can be extended to convert the
procedure to an open cheilectomy. Arthroscopy of the
FMTP] is technically challenging and requires ad-
ditional surgical training. Complications include iat-
rogenic cartilage injury, superficial or deep infection,
wound dehiscence and sinus tract formation (39).

Joint-sacrificing procedures
ARTHRODESIS

Arthrodesis of the FMTP] has been widely ac-
cepted as the gold-standard for severe HR, due to its
safety and efficacy. It is indicated in young and active
patients and as an end-stage procedure in recurrent
cases (11,39). The rate of satisfaction with arthrodesis
has been reported to be over 80% (40).

Reported complications were malunion, nonun-
ion, interphalangeal arthritis, transfer metatarsalgia.
The nonunion rate ranged from 2% to 10% in differ-
ent studies, even in patients with appropriate fixa-
tion. Most of the patients with nonunion rated the
result of the surgery as good (probably because of a
fibrous union). Patients with osteoporosis and those
with rheumatoid arthritis have higher nonunion rates
(17,41,42).

The procedure is typically performed as open sur-
gery, although a percutaneous approach was described
(43). The joint surfaces can be prepared either in flat
or dome-cup pair configuration. The latter allows for
easier intraoperative adjustability. Optimal position of
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Figure 5. Arthrodesis of the FMTP] involves removing the ar-
ticular cartilage to viable bone tissue in flat or dome-cup pair
configuration. Optimal position of the FMTPJ is 5°~15° of val-
gus and 10°-20° of dorsiflexion with neutral rotation. Various
fixation methods are feasible.

the FMTP] is 5°~15° of valgus and 10°-20" of dorsi-
flexion with neutral rotation (Figure 5) (44).

Multiple fixation techniques are accepted, such as
plates, screws, wires and staples. The most stable tech-
nique was demonstrated to be the combination of an
oblique lag screw and a dorsal plate. The weakest tech-
nique was dorsal plate alone with Kirschner wire fixa-
tion (45). One study compared the cost and results of
two crossed screws and dorsal plating techniques. The
two crossed screws represented a simple and less costly
technique, with no statistically significant differences
in time to fusion, revision surgery or hardware removal
rate between the two techniques (46).

ProsTHESIS

FMTP] prosthesis are joint-sacrificing procedures
but, unlike arthrodesis, they save the joint movement.
This is attractive for many patients who refuse arthro-
desis, and the consequent loss of motion, for various
functional requests, such as wearing high-heeled shoes
and squatting for work or daily activities (47).

Despite the potential benefit of maintaining joint
motion while relieving pain, multiple complications
have been documented for prosthesis, including im-
plant failure, soft tissue instability, joint stiffness, asep-
tic loosening, pathological wear, infection (48).

In one study, two years after surgery, 40% of
patients operated by prosthesis would not undergo

surgery again, compared with only 3% of patients op-
erated by arthrodesis (49). In a recent systematic re-
view of the literature (50) the post-operative AOFAS
score was 75.6-90 points for arthrodesis and 72-95.3
points for total joint prosthesis. The improvement
on the AOFAS scale was 43.8 points for arthrodesis
and 37.7 points for prosthesis. Complication rate was
26.3% for prosthesis and 23.1% for arthrodesis, while
the revision rate was 11% for prosthesis and only 3.9%
for arthrodesis.

In high-degree HR, chronic stiffness and muscle
disuse may limit the resumption of movement even af-
ter successful implantation of a prosthesis. This could
explain why prosthesis provide limited ROM im-
provements (51).

To avoid the disadvantages of the total implant,
hemiarthroplasties were also developed. Hemiarthro-
plasty consists of a unipolar implant designed to re-
place the articular surface of the metatarsal head or the
proximal phalanx base. Hemiarthroplasty requires less
bone resection and ensures maintenance of toe length.
As a result, conversion to arthrodesis would be easier if
a revision becomes necessary.

One study showed better mean postoperative
AQFAS scores in patients undergoing hemiarthro-
plasty compared to total joint prosthesis patients, with
better ROM improvement (52).

While the success and benefit of prosthesis have
been documented in the literature, the reports of high
complication rates, unpredictable results and poor sur-
vival have led orthopedic surgeons to become cautious
with the use of prosthesis. Failure of both total pros-
thesis and hemiarthroplasty is very difficult to manage
because of the significant bone loss. Additionally, the
cost compared to arthrodesis is significantly higher.

RESECTION ARTHROPLASTY

Keller resection arthroplasty was one of the pio-
neer procedures for the treatment of HR. It involves
the resection of up to 50% of the base of the proxi-
mal phalanx, achieving joint decompression while
increasing movement. However, the procedure may
destabilize the FMTPJ leading to weakness, transfer
metatarsalgia, excessive shortening of the toe, cock-up
deformity. Nevertheless, it is a simple procedure that
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could be still recommended for low-demand and el-
derly patients (53).

Due to the potential complications, multiple modi-
fications of the Keller resection arthroplasty have been
developed. These include a much more limited resec-
tion of the proximal phalanx and the addition of a chei-
lectomy. In 1987, Valente Valenti presented a personal
communication describing an 80° sagittal plane “V”
resection of the FMTP] with preservation of the first
ray length, and the plantar portion of the first proximal
phalangeal base, so conserving the flexor hallucis brevis
and the sesamoid function (Figure 6). Complications of
the Valenti procedure were a progressive worsening of
joint stiffness, but no sesamoiditis, deformities, metatar-
salgia or hallux weakening were documented. Through
this osteotomy, FM'TPJ switches from the movement of
two spheroids, to a “book” or a “hinge” movement, which
opens and closes, obtaining a good dorsiflexion (54).

Some authors stated that this procedure is not in-
dicated in patients with metatarsus primus elevatus, as it
does not address the biomechanical etiology of the HR,
but other recent studies indicate the opposite, report-
ing that elevatus was significantly reduced after Valenti
procedure. This confirmed that metatarsus elevatus may
be secondary to HR and not a cause of it (13).

Figure 6. Valenti resection arthroplasty is a “V” resection of the
FMTP] with preservation of the first ray length, the plantar
portion of the first metatarsal head and first proximal phalan-
geal base, and so conserving the flexor hallucis brevis and the
sesamoid function.

INTERPOSITION ARTHROPLASTY

Arthroplasties can be implemented with the addi-
tion of a spacer (joint capsule, extensor hallucis brevis,
tendon autograft, tendon allograft, synthetic matrix).
The aim of the modifications is maintaining or in-
crease joint motion, stability and length, while adding
a tissue that can be rehabited, so acting as a biological
spacer between the two joint surfaces. Patients affected
by moderate to severe HR but desiring to preserve
FMTP] movement may opt for interposition arthro-
plasty (IA) to avoid the movement restrictions of ar-
throdesis (55).

The studies were classified by publication year,
and the results were summarized in Table 3. Simple
technical reports were discussed in the historical over-
view, but excluded from the table.

The first to describe this technique was Cosentino
in 1995, who was inspired by hand surgeons, and in
particular by thumb tenosuspension techniques. The
author suggested covering the head of the first meta-
tarsal with a graft from the extensor hallucis longus
tendon (EHL), long or short extensors of the lesser
fingers or sural fascia, sculpted in various ways, in as-
sociation with eventual decompressive metatarsal os-
teotomy. He concluded that it was a good procedure
to avoid end-stage interventions such as arthrodesis,
Keller, implant arthroplasty, which however remained
possible in case of failure (56).

The milestone in the IA was the study by
Hamilton et al., who in 1997 described an arthro-
plasty according to Keller in association with a
cheilectomy, implemented by the interposition of a
dorsal capsular flap with included the extensor hal-
lucis brevis tendon (EHB), sutured to the stumps of
the flexor halluces brevis (FHB). The EHB tendon
was sectioned proximally to allow plantar exten-
sion and to prevent the flap from tension during gait
(Figure 7). The author reported a satisfaction rate
of 93% of patients, and recommended to select pa-
tients who had first and second metatarsals of ap-
proximately the same length (57).

In the same year Barca et al. described a technique
of cheilectomy associated with a modified oblique
Keller osteotomy in order to preserve the plantar part
of the proximal phalanx with the insertion of FHB.
A rolled autologous plantar-gracilis graft was then
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Table 3. Results from IA studies in the literature

Joint space
Publication K. wire Age Mean FU |AOFAS |AOFAS |ROM [ROM (Dorsifiex |Dorsiflex |(mean Satisfaction
|year |Author Tech: Classification Patients _|Feet post APLLmm) |% Complications Revisions | Notes
sural fascia or autologous EHL or 1 revision
EDB + metatarsal osteotomy in 50% 1 persistent painin revision of capsular
1995|Cosentino™®_|of cases 522 10 10 154 139 53,7 70, a7, jious arthrodes revision
Cheilectomy + modified oblique:
Keller + autologous rolled plantar- 6gradell +5
1997|Barca® gracifis + external fixator Regnauld grade 11 541 u| 17 21,0 32 a3 1000 — —
Keller + cheilectomy + proximally-
based dorsal capsular flap phus EHB
1997|Hamiton™ | sutured to the FHB stumps 3 562 E Y] 642 954 100 500 29) 933,
27,3% metatarsalgia, 1 stress |Comparison
1 grade 11+ 10 fracture of 2nd metatarsal, 72,7% with
2001 |1au™ Hamilton 3|Hattrup grade 11 590 u n 240 ne 54 309 7; kness 1 arthrodesis _|cheil
Cheilectomy + distally-based dorsal 3graden +7
capsular flap sutured to the grade il +5
2003 Roukis™ Roukis erade IV 523 12| 15 168 250 858 336 593 242] 504, 28, 1000/0 o
Reaming of the articular surfaces +
2003|Coughfin? | rolled autologous gracifis Coughlin 3 500! 7, 7| a0 460, 860! 90| 340, 10 100,0/57,1% metatarsalgia o
manipulation
3gradell +18 2 stiffness, 1 stress fracture of 2nd |under
|mMoxcia Hattrup grade i1 56| 18 21 380 784| 270| 649 anesthesia
Cheiloplasty + modified oblique:
Keller ive ti b Coughlin 3 533 9 9 127 639 819 o o
3 metatarsalgia, 1 floating halkx, 1 |1.second
19 grade 1143 i metatarsal | Compark
Hamilton without K. Wire Hattrup grade 1 553 1 2| 165 570 s9p0| arz| e1s) 24 77,0|ossificati ia__|osteotomy _|with Keller
MOKCIA with distally-based medial 3-4n0n
capsular flap 3|Coughlin specified 580 u n 240 778 388 €23 312 29 22 metatarsas |0
18 grade 1l + 1 57,9% metatarsalgia, 15,8% halksx
Hamilton 4| Coughlin grade v 610 17| 19 20| 607 853 292 33 30 81,2 ypoesthesia, 79% floati o
Comparison
with
|moxaia 610 10| 10 630, 296 540, — — |arthrodesis
1gadell+25
Osteophyte removal + grade i +4
2011 |Heller*® 2 ons 1+ geffoam Coughlin grado IV 480 EVEY) 550|350 749 30 64,5/1 neuroma, 1 EHL entrapment 1 arthrodesis
18 grade 1l +7
2011/Sanhudo™ | MOKCIA Coughlin grade IV 60,8| 20 25 458| 936! 750[0 o
2011 Delacn roplasty Hattrup 3 12| 13 165 525 900 158 478, o o
Cheiloplasty + modified oblique
2012|yer'" Keller ive ti b Coughlin 3 543/ s 6 648 380 658 10000 o
|Comparison
with
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39 grade 111
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Parallel phalanx and metatarsal asurgical |l faikures of
resection + rolled tibialks anterior revisions, 1| previous
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interposed, and an external fixator was placed for the
initial assisted mobilization exercises, maintaining
alignment and toe length. This technique has taken
over the concepts described by Valenti in 1997, with
the addition of a tendon interposition (58).

In 2001 Lau et al. resumed the technique described
by Hamilton, comparing it with a cheilectomy group
with phalangeal osteotomy. They found post-operative
metatarsalgia in 27% of the arthroplasty group, with
one stress fracture of the second metatarsal, and hal-
lux weakening in 72,7% of cases. They concluded that
IA provides unsecured results, and should therefore be
considered as a rescue procedure, while cheilectomy

with associated phalangeal osteotomy provided a bet-

ter load distribution on the forefoot and gave more
Figure 7. Hamilton arthroplasty involves a Keller resection of - reproducible results, albeit indicated in early arthritic
the proximal phalanx in association with a cheilectomy, imple- d in the study (59)
mented by the interposition of a dorsal capsular flap including cgrees 1 the study ) ) )
the EHB, sutured to the stumps of the FHB. The EHB tendon is The TA proposed by Hamilton was later studied
sectioned proximally to prevent the flap from tension during gait. by other authors, who found a rate of metatarsalgia of
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21-58%, with floating hallux in 79% of cases (60,61).
One of the aforementioned studies evaluated the dif-
ferences in the outcomes between the Hamilton TA
and the Keller arthroplasty. The study did not find any
relevant difference between the two procedures (61).

In 2003 Coughlin et al. described a technique for
preparation of the articular surfaces by reaming for
subsequent positioning of a rolled gracilis tendon. The
authors reported a high patient satisfaction rate, albeit
with metatarsalgia in 57% of cases (62).

In the same 2003 Roukis described a cheilectomy
associated with the interposition of a distal-based dor-
sal capsular flap, sutured plantarly to the metatarsal
neck through transosseous points anchored dorsally to
the metatarsal (63).

However, the description of the most accepted
technique, which was called “modified oblique Keller
procedure” was due to Mroczek et al. in 2003. This
technique involved the creation of a cheilectomy as-
sociated with a modified Keller oblique osteotomy
in order to preserve the plantar part of the proximal
phalanx with the insertion of FHB, in the same way
described by Barca in 1997. Nonetheless, a dorsal cap-
sular flap was associated, with included the EHB ten-
don sectioned proximally. This flap was sutured to the
plantar plate distal to the sesamoids (Figure 8) (64).

The authors limited their description to a techni-
cal report. Nevertheless, this was the starting point for
the subsequent evolution of the technique (65-67).

Among these it was Mackey in 2012 who first
coined the initials MOKCIA to identify the Modified
Oblique Keller Capsular Interposition Arthroplasty
technique, with the use of a dorsal flap with proximal
base (68).

Various authors studied this procedure describing
a little number of complications such as recurrence of
stiffness and stress fracture of the second metatarsal
(69), or hallux malleus (65). This technique was recom-
mended in severe HR, in the absence of deformities
such as hallux valgus or varus, in patients who want
to maintain range of motion while obtaining pain re-
lief. Two studies compared the results obtained with
MOKCIA technique and arthrodesis, demonstrating
better clinical outcomes for the MOKCIA, which ob-
tained a nearly normal pattern of plantar pressures dur-
ing walking. In particular no difference was retrieved

Figure 8. MOKCIA arthroplasty involves a cheilectomy associ-
ated with a modified Keller oblique osteotomy in order to pre-
serve the plantar part of the proximal phalanx with the insertion
of FHB. A dorsal capsular flap was interposed, with included
the EHB tendon sectioned proximally. This flap was sutured to
the plantar plate distal to the sesamoids.

in plantar pressure under the second metatarsal head
between arthroplasties and arthrodesis, but the arthro-
desis groups did have a greater plantar pressure under
the first metatarsal head (66,70).

The MOKCIA preserves the stability of the big
toe while maintaining the plantar plate, being suit-
able for young or middle-aged patients with an active
lifestyle, not precluding the possibility of subsequent
arthrodesis. An interesting aspect is to avoid FMTP]
arthrodesis in patients with interphalangeal arthrosis
of the big toe.

In 2008 Berlet et al. described a similar technique,
but with the interposition of a regenerative tissue ma-
trix membrane, consisting of collagen and extracellular
protein matrices and created from human cadaver tis-
sue (71,72).

In 2009 Hahn et al. described a variant of the
modified Keller + cheilectomy technique, with medial
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access and interposition of a distally based medial cap-
sular flap. These authors also described good results,
even though with two cases of stress fracture of the
second metatarsal out of the 11 cases included in the
series (73).

In 2011 DelaCruz et al. described a V-shaped ar-
throplasty with interposition of allogeneic meniscus.
The results described after an average follow-up of
16.5 months were encouraging, and the authors rec-
ommended the technique for advanced HR in patients
who refuse arthrodesis and also in those with failure of
previous surgery (74).

In 2011 Heller et al. described an osteophyte
regularization technique with gelfoam interposition,
obtaining a rate of patient satisfaction of 64.5% after
an average follow-up of 55 months (75).

In 2017 Givissis et al. described a cheilectomy
with associated modified Keller and fascia lata allograft
interposition. The authors reported a 69.2% satisfaction
rate after an average follow-up of 108 months (76).

In 2017 Vulcano et al. described a variant of
MOKCTIA, using a distally based dorsal capsular flap,
and obtaining good or excellent results in 92.9% of
cases after an average follow-up of 135.6 months (77).

In 2018 Thomas et al. described a technique of
parallel resection of the metatarsal head and of the
base of the proximal phalanx with the interposition of
a rolled tibialis anterior tendon allograft. All operated
patients were failures of previous interventions, and
this technique was recommended as a rescue proce-
dure (78).

In the years 2011 to 2017 our group adopted the
arthroplasty technique described by Pisani G. et al,,
with regularization of the metatarsal head and inter-
position of a proximal-based medial capsular flap. We
performed a case series of 20 cases, which could be the
subject of a future study (79).

Discussion

HR is a challenging pathology for the surgeon,
who must work out the best treatment based on the
patient’s characteristics, extricating from a multitude
of possible interventions and carefully relating them to
the patient’s activity level and expectations (Table 4).

Patients must be correctly informed that there is
no ideal procedure, which is free from failures and
complications.

Given the unsecured results with surgical treat-
ment, a nonoperative strategy should always be at-
tempted before surgery.

Joint-sparing procedures must be considered
for early stages HR. Decompression osteotomies are
indicated in early stages and in the hallux limitus,
because it is necessary to decompress a still func-
tioning joint, releasing the soft tissues. An elevated
and/or long first metatarsal should suggest this type
of indication, even though it has been shown that
decompressive osteotomies are not affected by the
metatarsal formula (26). Youngswick and Weil os-
teotomies have proven to be stable enough to allow
early mobilization (27,32).

In the middle degrees cheilectomy is indicated,
especially in case of pain only at the end range of
dorsiflexion (6). Phalangeal osteotomy according to
Moberg is considered as an addition to cheilectomy
in the case that it fails to achieve sufficient dorsiflex-
ion alone (22). The field of application of arthroscopy
overlaps with that of cheilectomy, which in fact can be
performed arthroscopically.

Arthrodiastasis also ranks in the mid grades HR,
but with uncertain results compared to long rest time,
which is often unacceptable for active patients.

Joint-sacrificing procedures are indicated in ad-
vanced stages, particularly in case of mid-range pain.
Among these, prosthesis showed limited survivorship
with high complication rate, and this does not justify
their cost, especially if compared with arthrodesis. The
choice of arthroplasty depends more on the patient
than on the surgeon: it is in fact intended for the pa-
tient with high-grade HR who refuses arthrodesis.

From the available literature the gold standard is
still represented by arthrodesis, which provides the saf-
est and most reproducible results, being the only one to
achieve a grade B recommendation (39). The drawback
of arthrodesis is the loss of motion which restricts shoe
choice, and contributes to patient dissatisfaction, par-
ticularly in females.

Between these two techniques the Valenti proce-
dure has shown excellent results with a low compli-
cation rate, without precluding end-stage procedures
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Table 4. Simplified treatment algorithm according to Coughlin and Shurnas classification

1 2

|

Deformity

Elevated or long

first metatarsal
w‘

v

METATARSAL OSTEOTOMY
(Youngswick / Weil)

such as implant arthroplasties or arthrodesis in case of
failure (54).

Keller arthroplasty is instead a quick and simple
procedure that is reserved for elderly low-demand pa-
tients (53).

Implementing the arthoplasties with the interpo-
sition of a biologic spacer can provide an alternative to
the end-stage procedures for young patients who want
to preserve FMTP], without precluding end-stage
procedures in case of failure. Among the IA, the
MOKCTIA technique showed lower complication rates
than the other IA techniques. MOKCIA does not sac-
rifice the insertion of the FHB, maintaining the stabil-
ity and strength of the big toe, and does not alter the
toe length. Accordingly, most cases of post-operative
metatarsalgia or floating hallux were described in rela-
tion to the Hamilton technique, which demonstrated
results similar to the Keller arthroplasty (61).

Although long-term randomized controlled tri-
als are lacking for MOKCIA, the reported results are
comparable to the other alternatives for end-stage HR,

3 4

Deformity

v v

CHEILECTOMY * Moberg ARTHRODESIS

Arthroscopy (in the hand of
experienced surgeons)

Implant arthroplasty
(patient’s choice)

Arthrodiastasis Keller (elderly low-demand

patients)

Valenti or IA (patients who
refuse arthrodesis and want
to relieve pain while
maintaining joint movement)

providing better plantar load distribution than arthro-
desis (65,69), and avoiding the drawbacks of implant
arthroplasties. These findings make the MOKCIA
technique a valid alternative for the treatment of HR
also in the young active patient, as attractive as the
most consolidated techniques to date (80).

In the case of deformities, the only suitable proce-
dures are osteotomies for low degrees and arthrodesis
for high degrees HR.

The limitation of the present study lies in its nar-
rative nature, preferring a historical examination of
the various techniques evolving over the years, rather
than the systematic analysis of the results of interpo-
sition arthroplasties. The latter could be the goal of
further studies.
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