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Abstract
Background: Interposition arthroplasty of the first MTP joint has recently experienced renewed interest as a treatment for
hallux rigidus. The purpose of this study was to systematically review the rapidly expanding literature on PRO following
interposition arthroplasty of the first MTP joint.
Methods: PubMed Central, Embase, and the Cochrane Central Register for Controlled Trials (CENTRAL) were searched.
Inclusion criteria included length of time to follow-up, number of patients, outcome measure, and use of allogeneic or
autogenous soft tissue or a synthetic matrix as interposition.
Results: 20 studies were included in the review, comprising 498 patients and 539 feet with mean time to follow-up of
4.5 years. The most common substance used for interposition in the included studies was autogenous first MTPJ capsular
tissue, a technique reported on in 12 (60.0%) of the included articles. In studies reporting preoperative and postoperative
outcomes by way of a standardized outcome scoring system, mean group improvements exceed minimal clinically important
differences in the majority of studies. Eighty-five percent of the studies included in this review were of Level IV quality
evidence, and of this subset of studies, 70.6% were of a retrospective nature. Progression to further surgery was observed in
3.8% of toes. The most common complication reported was transfer metatarsalgia of 1 or more lesser toes, observed in up
to 57.9% of patients in one study.
Conclusion: Interposition arthroplasty appears to be a viable option for the treatment of moderate to severe hallux rigidus
in patients looking to salvage motion through the first metatarsophalangeal joint. A wide array of autogenous, allogeneic, and
synthetic implant materials have surfaced in recent years, but long-term follow-up and prospective, comparative study
designs with low risk of bias are limited.
Level of Evidence: Level IV, systematic review of Level III-IV studies
Keywords: hallux rigidus, interposition arthroplasty, first MTP joint, hallux disorders, soft tissue arthroplasty, systematic
review

Introduction
Hallux rigidus has been treated operatively with a variety of
procedures, including fusion, cheilectomy, osteotomy,
implant arthroplasty, resection arthroplasty, and interposition arthroplasty. Cheilectomy and first metatarsal/proximal
phalangeal osteotomy have a role in operative management
of symptomatic early-stage hallux rigidus, whereas arthrodesis and arthroplasty are indicated in the management of
more advanced pathology.37 Despite fusion being the “gold
standard” procedure for the treatment of severe hallux

valgus, it leads to a limitation of motion through the first
metatarsophalangeal joint that is unacceptable to some
patients.40 Silicone, ceramic, and metallic hemi- and total-
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joint implants have high rates of revision associated with
fragmentation, loosening, malalignment, subluxation, and
reactive inflammatory and cystic pathology, which makes
these implants poor choices in comparison with
arthrodesis.22,28,44,46,53,54,56,58
In an effort to offer the patient with hallux rigidus an
alternative to fusion, various techniques for an “interposition
arthroplasty” have been proposed. Interposition arthroplasty
is a modification of the Keller resection arthroplasty with the
addition of a “spacer,” a modification intended to make the
procedure a viable option for the more active patient.24
Despite the description of the successful interposition of
dorsal capsule and extensor hallucis brevis in the first MTP
joint space for the treatment of advanced hallux rigidus,
many modifications to this technique have surfaced.25 There
has been burgeoning interest in the role of autogenous and
allogeneic soft-tissue biomaterials and synthetic analogs as
both spacers and functional cartilaginous substitutes.3,18 The
purpose of this review was to systematically review the current state of the literature related to patient outcomes after
interposition arthroplasty of the first metatarsophalangeal
joint in the treatment of hallux rigidus.

Methods
Search Strategy
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement was used in designing
the study, and article selection proceeded in accordance with
the multitiered system defined by this statement.42 Articles
were derived from a search of 3 databases: PubMed Central,
Embase, and Cochrane Central Register of Controlled Trials
(CENTRAL). The search strategy (Supplementary Table 1)
was employed on December 12, 2017. As a result, publications made available online after this date were not included
in the review. Two reviewers (B.E., D.C.) completed title
review of articles independently. Where there was divergence of opinion on inclusion of an article in the next stage
of the screening protocol, the disagreement was resolved by
including the article in further review. At the time of full-text
review, the references of each article were searched and
studies that were not captured by the combined result of the
initial database searches were each evaluated for eligibility.

Study Eligibility Criteria and Data Extraction
Prospective and retrospective studies evaluating the role of
interposition arthroplasty in the treatment of hallux rigidus
were evaluated for inclusion based on a number of predetermined criteria (Figure 1). All articles that met the review’s
inclusion criteria were scrutinized for data points thought to
be critical to a systematic presentation of patient outcomes.
Data were extracted by 2 reviewers independently, and any
discrepancies in extraction were resolved after further discussion. When complications and frequency of need for
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further surgery on the ipsilateral hallux were not explicitly
addressed by a study, this was differentiated from a report of
“zero incidence” and instead documented as “not reported”
(N/R).

Quality Assessment of Included Studies
Quality assessment of all included studies was performed
using the Modified Coleman Methodology Score (MCMS),
a comprehensive tool for assessing both nonrandomized and
comparative, randomized studies (Supplementary Table
2).1,9,13 As a quality assessment tool, it has been reported
to be highly reproducible (r¼0.99).59 Level of evidence was
gauged in accordance with the outline provided by the
Oxford Center for Evidence Based Medicine.61

Statistical Analysis
The majority of studies were heterogeneous and nonrandomized, 1-armed case series. Quantitative analysis could not
be performed given the paucity of studies examining interposition arthroplasty in a comparative setting. For multiarmed studies of a comparative nature containing
subgroups undergoing one of several treatments for the
arthritic first metatarsophalangeal joint, the “interposition
arthroplasty” subgroup was treated separately for qualitative
analysis. Because of the heterogeneity of studies with
respect to operative procedure, patient population, and outcome measure, meta-analysis was not possible.

Results
Study Inclusion
Five hundred eighty articles were pulled from the combined
database search, of which 172 appeared in more than 1 database. A total of 408 distinct articles were subject to title
review. Articles were selected according to a well defined
screening procedure (Figure 2). Ultimately, 20 studies were
included (Table 1).

Study Quality Assessment and Levels of Evidence
The average MCMS for the included studies was 49.7+9.2
(range, 33-63) indicating subpar methodological quality of
the available literature (Table 2). Of the 17 studies of Level
IV quality evidence, 12 (70.6%) defined their study populations retrospectively and/or collated and analyzed outcome
scores based on a retrospective review of patient medical
records. Of the 3 Level III studies, 2 concluded that interposition arthroplasty affords equivalent clinical outcomes to
alternative surgical treatments (arthrodesis and Keller resection arthroplasty) and 1 reported inferior outcomes in the
setting of comparison with cheilectomy (Table 3).34,36,51
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Table 1. Study Level of Evidence, Demographics, Interposition Type, Complications, and Reoperations.
Study

LOE

Patients/ Age Males/
Time to
Feet
(y) Females Follow-up (y) Interposition

Vulcano et al (2018)70

IV

42/42 64

8/34

11.3

Ayndardi et al (2017)2

IV

133/133 58

31/102

5.2

Daniels et al (2017)16
Siclari et al (2017)55
Givissis et al (2017)20
Clews et al (2015)12

IV
IV
IV
IV

27/27
45/45
13/18
34/44

56
52
69
56

6/21
20/25
0/13
N/R

5.4
2.0
9.1
3.8

Gould et al (2015)21
Hyer et al (2012)29
DelaCruz et al (2011)17
Heller et al (2011)27

IV
IV
IV
IV

13/15
6/6
12/13
31/31

65
54
49
48

2/11
1/5
4/8
24/7

1.8
5.4
1.4
4.6

Sanhudo et al (2011)50

IV

20/25 61

4/16

3.8

Mackey et al (2010)36

III

10/10 64

5/5

5.3

Ozan et al (2010)45

IV

17/19 61

3/14

1.8

Schenk et al (2009)51

III

14/22 55.3

6/8

1.4

Hahn et al (2009)23

IV

22/22 58

5/17

2.0

Can Agkun et al (2008)10

IV

11/13 65

3/8

2.3

Kennedy et al (2006)31

IV

18/21 56

Roukis et al (2003)48

IV

12/15 52

8/4

1.4

Coughlin et al (2003)15

IV

7/7 56

0/7

3.5

Lau et al (2001)34

III

11/11 59

6/5

2.0

N/R

3.2

Distally based autogenous dorsal
capsule with EHB
Acellular dermal matrix allograft
(n¼56)
Proximally based autogenous dorsal
capsule with EHB (n¼77)
Polyvinyl alcohol (PVA) hydrogel
Polyglycolic acid-hyaluronan implant
Fascia lata allograft
Proximally based autogenous dorsal
capsule, EHB, and extensor
capsularis tendon
Autogenous fascia lata graft
Acellular dermal regenerative matrix
Meniscus allograft
Gelfoam sponge (absorbable gelatin
powder)
Proximally based autogenous dorsal
capsule with EHB
Proximally based autogenous dorsal
capsule with EHB
Proximally based autogenous dorsal
capsule with EHB
Proximally based autogenous dorsal
capsule with EHB
Distally based autogenous medial
capsule
Proximally based autogenous dorsal
capsule with EHB
Proximally based autogenous dorsal
capsule with EHB
Distally based autogenous capsule,
periosteum, and EHB
Autogenous ipsilateral gracilis
tendon (n¼3)
Autogenous ipsilateral peroneus
longus or fascia lata (n¼4)
Proximally based autogenous dorsal
capsule with EHB

Revision Complication
Rate (%) Counta,b (n)
9.5

0

3.8

31

3.7
0.0
5.6
N/R

2
0
5
N/R

6.7
0.0
N/R
3.2

11
0
0
2

N/R

6

0.0

N/R

N/R

32

N/R

17

N/R

2

0.0

4

4.8

3

0.0

0

0.0

8

9.1

7

Abbreviations: EHB, extensor hallucis brevis; LOE, level of evidence; N/R, not reported.
a
Complications were expressed as counts as opposed to percentages of a study population, as when manuscripts reported multiple types of complications,
often these were not specified as occurring in discrete vs overlapping patients.
b
Complication counts are relatively high for some studies, probably because of inequivalence across studies as to what constituted a complication (ie, Ozan
et al deem “loss of ground contact of the big toe” a complication).

Demographic Characteristics of Included Study
Populations
A total of 498 patients and 539 feet underwent interposition
arthroplasty of the first metatarsophalangeal joint with placement of an allogeneic, autogenous, or synthetic matrix as a
joint spacer. The average age of the patients reported on was
57.6. Average time to follow-up for all patients was 4.5
years, with the average time to follow-up for included studies spanning the range of 1.4 to 11.3 years (Table 1).
Interposition arthroplasty was performed as an operative
intervention most commonly in a patient population with

advanced degenerative changes at the first metatarsophalangeal joint. Thirteen (65.0%) studies described their
study groups by way of the comprehensive Coughlin and
Shurnas classification for grading first MTP joint damage.8,32 Operative intervention was most common in a population with grade 3 to 4 joint damage. The less
comprehensive Hattrup and Johnson and Roukis classification systems were used less commonly, with grade 3 hallux
rigidus patients, according to each respective classification
system, the most common candidates for interposition
arthroplasty.26,47
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Inclusion Criteria

Exclusion Criteria

1.

Full-text version of the study available in the English language in peerreviewed journal

2

Treatment proceeded by way of interposition of soft-tissue or a synthetic
“spacer”

3.
4.

5.

1.

Case reports, technique articles, expert opinions, biomechanical studies,
animal studies, concept reviews, and systematic reviews

Operative technique provided in the study manuscript

2.

Comparative outcome studies not including an interposition arthroplasty
treatment arm

Clinical outcomes reported using at least one standardized outcome
scoring measure (i.e. American Orthopaedic Foot & Ankle Society
(AOFAS), Foot and Ankle Ability Measure (FAAM))

3.

Patient series with more recent follow-up available

Mean time to follow-up ≥1 year and ≥6 patients available at this time

Figure 1. Review inclusion and exclusion criteria.
Table 2. Aggregate Quality Assessment of Included Investigations.

Quality Measure
Mean time to follow-up, n (%)
<2 years
2-5 years
5-10 years
>10 years
Level of evidence, n (%)
I
II
III
IV
Modified Coleman Methodology Score (MCMS), n (%)
<55 (poor)
55-69 (fair)
70-84 (good)
85-100 (excellent)
Study design, n (%)a
Prospective
Retrospective

Number
of Studies
(% of Total)
5
9
5
1

(25)
(45)
(25)
(5)

0
0
3
17

(0)
(0)
(15)
(85)

14
6
0
0

(70)
(30)
(0)
(0)

6 (33)
12 (67)

a
Evaluated for 18 studies, as for 2 case series, it was unclear whether the
study groups were defined prospectively or retrospectively.

In the 10 studies that reported on history of prior surgery
on the ipsilateral hallux, 5 studies had some portion of the
treatment group undergoing interposition arthroplasty as a
revision procedure at the hallux. Prior surgeries included
failed Keller resection arthroplasty, total toe replacement,
phalangeal resurfacing implant, Chevron osteotomy, plantarflexion osteotomy, bursectomy, cheilectomy, dorsal
osteophyte excision, and an interphalangeal fusion.

Interposition Material and Metatarsophalangeal Joint
Decompression
The most common substance used for interposition in the
included studies was autogenous first MTPJ capsular tissue

with or without the extensor halluces brevis tendon, a technique reported on in 12 (60.0%) of the included articles
(Table 1). There was some variability in the technique used
for interposing autogenous capsular tissue. While a proximally based, dorsal capsule was most commonly used, 2
studies described interposition of a distally based capsule
and 1 study reported interposition of medial capsular tissue
sutured to the lateral capsule.23,48,60 The remaining studies
reported interposition of a number of allogeneic and autogenous soft tissue types and synthetic matrices
(Table 1).2,15,16,17,20,21,27,29,55 After 2010, a trend was noted
toward increased usage of interpositional substances other
than autogenous first MTPJ capsule (61.5% of studies after
2010 vs 7.7% of studies up through 2010).
Of the 12 included studies describing autogenous first
MTPJ capsular interposition, 3 (25.0%) studies explicitly
defined the proximal phalangeal resection procedure as
25% of the bony substance with concomitant removal of
intrinsic plantar attachments.34,45,51 The remaining studies
describe less extensive proximal phalangeal excision with
explicit mention of preservation of plantar attachments. Significant variability was noted in description of decompressive procedures of the metatarsal head, with resection
ranging from isolated anatomic recontouring to “aggressive”
dorsal cheilectomy.

Complications and Reoperation
The most common complication reported was transfer metatarsalgia of 1 or more lesser toes, with the range of incidence
from 0.0% to 57.9%. Less frequent complications reported
included calluses under the lesser metatarsal heads (27.3%42.8%),15,34 stress fracture of one of the lesser toes resulting
from transfer metatarsalgia (4.8%-9.1%),10,21,23,31,34 sensory
neuroma or hyperpigmentation at the site of autograft harvesting (6.7%-14.3%),15,21 radiographic evidence of osteonecrosis of the first metatarsal head (7.7%-40.8%),10,51 numbness
at the dorsum of the hallux or generalized hypoesthesia of the
hallux (9.1%-15.8%),10,45,51 infection with or without need
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Cochrane Central
Register of Control
Trials: 24 Articles

PubMed: 267 Articles

Embase: 289 Articles

Title Review: 408
articles
261 Articles Removed
During Title Screening

Abstract Review: 147
articles
102 Articles Removed
During Abstract
Screening

28 Articles Removed During Full Text
Screening

Full-Text Review: 45
articles

N=5 Technique articles
N=1 Unavailable in English
N=3 Expert opinions and concept reviews
N=3 Patient series with more recent
follow-up
N=2 Outcomes not presented by a
standardized scoring system
N=10 Operative procedure “out of scope”
N=1 No operative details provided
N=3 Insufficient number of patients or
time to follow-up

Search of Full-Text
References: 3 articles

Included Studies: 20
articles

Figure 2. Screening procedure for study selection.

for subsequent debridement (1.5%-6.7%),2,20,21 cock-up
deformity (4.5%),2 proximal phalangeal cystic development
(8.7%),16 claw-toe deformity (5.6%),20 extensor hallucis
longus (EHL) tendon entrapment (3.1%),27 capsular ossification (4.5%),51 and regional pain syndrome (4.5%).51
In the 14 studies explicitly describing need for further
surgery on the ipsilateral first MTPJ, 15 (3.8%) toes progressed to a subsequent operation. These further operations
included arthrodesis (range of progression frequency, 2.3%9.5%), 2,16,20,27,60 revision interposition arthroplasty
(0.75%),2 manipulation under anesthesia to improve range
of motion (4.8%),31 debridement of the joint with EHL tenolysis (0.75%),2 and debulking of an oversized graft and further proximal phalangeal resection (6.7%).21

Standardized and Subjective Outcome Measures
The most commonly used outcome scoring measure was the
American Orthopaedic Foot & Ankle Society Hallux

Metatarsophalangeal-Interphalangeal Scoring System
(AOFAS-HMI). Two (10.0%) studies used a modified,
reweighted version of the scale (Table 4).29,48 The minimal
clinically important difference (MCID) for the AOFAS-HMI
total score has only been studied in the setting of hallux
valgus corrective surgery but is reported with some uncertainty, spanning the range of 7.9 to 30.2.11 Of the 8 studies
reporting preoperative and postoperative scores by way of an
unmodified AOFAS-HMI scale, 6 (75.0%) reported mean
improvement in the AOFAS-HMI total score exceeding
30.2 points, with the 2 additional studies reporting mean
improvements of 23.0 and 24.6, respectively.10,15,17,20,27,45,51,55
The validated Foot Function Index (FFI), Foot and Ankle
Ability Measure (FAAM), the Visual Analog Scale for Pain
(Pain VAS), and the Short Form–36 Health Survey (SF-36)
were the next most commonly used standardized outcome
scoring measures. Of the 4 studies reporting pre and postoperative scores by one of these measures, all reported mean
improvements exceeding the MCIDs for their respective
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Table 3. Comparative Investigations Included in this Review with an Interpositional Arthroplasty Treatment Arm.
Study

Level of
Evidence

Mackey et al III
(2010)36

Schenk et al
(2009)51

III

Lau et al
(2001)34

III

Treatment
Groups

Outcome Measures

Study Conclusions

1. IA (n¼10)
2. Fusion
(n¼12)

AOFAS-Total: 89.55, FAAM-ADL:
The modified oblique Keller capsular interpositional
92.18, FAAM-Sport: 87.5, PPP (great
arthroplasty appears to afford equivalent clinical
toe): 33 N/cm2, FS: 9.3 kg
outcomes to fusion but affords a more normal
plantar pressure pattern during ambulation.
AOFAS-Total: 64.48, FAAM-ADL:
84.58, FAAM-Sport: 71.35, PPP
(great toe): 67 N/cm2 FS: 10.79 kg
1. IA (n¼22)
Increase in AOFAS-Total: 32, increase No significant benefit in clinical or radiographic
outcome is observed for the capsular
2. RA (n¼30)
in ROM: 19.3
interposition arthroplasty over the Keller
Patient graded outcome as excellent:
resection arthroplasty.
63%, good: 14%, fair: 18%, poor: 5%
Increase in AOFAS-Total: 38, Increase
in ROM: 24.0
Patient graded outcome as excellent:
63%, good: 10%, fair: 17%, poor: 10%
AOFAS-Total: 71.6, FFI-Pain: 27.7, Pain Cheilectomy is a reliable treatment for moderate
1. IA (n¼11)
hallux rigidus. Management of severe arthritis with
VAS: 3.9, Patient satisfaction: 72.7%,
2. Cheilectomy
interposition arthroplasty has less reliable results
Great toe weakness: 72.7% of patients
(n¼24)
and ought to be considered a “salvage” procedure.
AOFAS-Total: 77.3, FFI-Pain: 21.0, Pain
VAS: 2.9, Patient satisfaction: 87.5%,
Great toe weakness: 16.7% of patients

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society; FAAM-ADL, Foot and Ankle Ability Measure Activities of Daily Living Subscale;
FAAM-Sport, Foot and Ankle Ability Measure Sports Subscale; FS, flexion strength measured at distal phalanx; IA, interposition arthroplasty; PPP (great
toe), peak plantar pressure under great toe; RA, resection arthroplasty; ROM, range of motion; VAS, Visual Analog Scale.

Table 4. Patient-Reported Standardized and Subjective Outcomes.
Study

Preoperative Standardized Outcome
Scores

Postoperative Standardized Outcome
Scores

Additional Subjective Outcomes

Vulcano et al Pain VAS: 7.9, SF-12 Physical: 42.0,
SF-12 Mental: 50.7, FFI-Total: 98.3
(2018)60

Pain VAS: 1.8, SF-12 Physical: 64.2,
Would have surgery again: 39/42
SF-12 Mental: 54.6, FFI-Total: 49.6
(92.9%)
Satisfaction VAS: 7.4/10
Ayndardi et al Pain Verbal Analog: 7.5, FFI-Total: N/R Pain Verbal Analog: 2.0, FFI-Total: 77.1 Excellent: 87/133 (65.4%), good: 32/133
(24.1%), fair or poor: 14/133 (10.5%);
(2017)2
return to fashionable/regular
footwear: 101/133 (75.9%)
Would undergo procedure again: 25/26
Pain VAS: 0.57, FAAM-Sports: 89.4,
Daniels et al Pain VAS: 6.41, FAAM-Sports: 39.2,
(96.2%); level of function: normal: 17/
FAAM-ADL: 95.3, SF-36 PCS: 52.2;
(2017)16
FAAM-ADL: 61.4, SF-36 PCS: 39.5,
26 (65.4%) nearly normal: 8/26
SF-36 MCS: 54.5
SF-36 MCS: 55.6
(30.8%) abnormal: 1 (3.8%)
Siclari et al
AOFAS-Total: 49.8, AOFAS-Pain: 8.4, AOFAS-Total: 92.3, AOFAS-Pain: 40.0, Pain free after 12 months: 45/45 (100%)
(2017)55
AOFAS-Function: 37.3, AOFASAOFAS-Function: 29.3, AOFASAlignment: 15.0
Alignment: 12.0
Givissis et al AOFAS-Total: 43.4, AOFAS-Pain: 17.5, AOFAS-Total: 77.3, AOFAS-Pain: 30.6, Would have surgery again: 9/13
(69.2%), a lot/adequately satisfied:
(2017)20
AOFAS-Function: 35.3, AOFASAOFAS-Function: 25.9, AOFAS9/13 (69.2%), not at all satisfied: 4/13
Alignment: 11.4
Alignment: 2.9
(30.8%)
Clews et al
Satisfied or very satisfied: 28/34 (82.3%)
N/R
FHSQ Foot Pain: 80.3, FHSQ Foot
(2015)12
Function: 88.1, FHSQ Footwear:
48.0, FHSQ General Foot Health:
68.6
Gould et al
N/R
Pain VAS: 1.0
Returned to wearing low-heeled,
(2015)21
fashionable shoes: 7/8 (87.5%)
Returned to wearing high heels: 1/8
(12.5%)
(continued)
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Table 4. (continued)
Study
Hyer et al
(2012)29
DelaCruz
et al
(2011)17
Heller et al
(2011)27

Preoperative Standardized Outcome
Scores

Postoperative Standardized Outcome
Scores

Modified AOFAS-P/F: 38.0/68.0

Modified AOFAS-P/F: 65.8/68.0

AOFAS-Total: 52.5

AOFAS-Total: 90.0

AOFAS-Total: 35

AOFAS-Total: 74

Additional Subjective Outcomes
Considered surgery successful: 6/6
(100%)
N/R

Patient graded outcome as: excellent:
9/30 (30.0%), good: 11/30 (36.7%),
medium: 9/30 (30.0%), poor: 1/30
(3.3%)
Sanhudo et al N/R
AOFAS-Total: 93.6, AOFAS-Pain: 36.4, Completely satisfied: 15/20 (75.0%),
partially satisfied: 5/20 (25.0%),
(2011)50
AOFAS-Function: 42.5,
would undergo same procedure
AOFAS-Alignment: 14.7
again: 20/20 (100%)
Mackey et al N/R
AOFAS-Total: 89.6, FAAM Sports:
N/R
(2010)36
92.2, FAAM-ADL: 87.5
AOFAS-Total: 60.7, AOFAS-Pain: 20.0, AOFAS-Total: 85.3, AOFAS-Pain: 37.9, Patient graded outcome as very good:
Ozan et al
9/19 (47.4%), good: 7/19 (36.8%),
AOFAS-Function: 32.4
AOFAS-Function: 27.5,
(2010)45
moderate: 1/19 (5.3%), poor: 2/19
AOFAS-Alignment:15.0
AOFAS-Alignment:15.0
(10.5%)
Schenk et al AOFAS-Total: 57.0, AOFAS-Pain: 15.0, AOFAS-Total: 80.0, AOFAS-Pain: 36.0, Patient graded outcome as excellent:
(2009)51
14/22 (63.6%), good: 3/22 (13.6%),
AOFAS-Function: 39.0
AOFAS-Function: 30.0
fair: 4/22 (18.2%), poor: 1/22 (4.6%)
AOFAS-Alignment:15.0
AOFAS-Alignment:12.0
Hahn et al
N/R
AOFAS-Total: 77.8, AOFAS-Pain: 28.2, N/R
(2009)23
AOFAS-Function: 34.9
AOFAS-Alignment: 14.2, SF-36: 72.9
Can Agkun
AOFAS-Total: 29.1
AOFAS-Total: 93.6
Patient graded outcome as: excellent:
et al
11/13 (84.6%), good: 2/13 (16.4%),
(2008)10
fair: 0/13 (0.0%), poor: 0/13 (0.0%)
Would undergo the procedure again:
11/11 (100%)
Kennedy et al N/R
AOFAS-Total: 78.4, SF-36: 96.3
Would undergo the procedure again:
(2006)31
17/18 (94.4%), less pain than
preoperatively: 18/18 (100%), little
or no pain: 16/18 (88.9%)
moderate pain with exercise: 2/18
(11.1%)
Roukis et al Modified AOFAS-Total: 25.0, Modified Modified AOFAS-Total: 85.8, Modified Wound undergo the procedure again:
12/12 (100%)
(2003)48
AOFAS-Pain: 33.5, Modified AOFASAOFAS-Pain: 10.4, Modified
Would recommend procedure to a
Function: 33.3, Modified AOFASAOFAS-Function: 14.6, Modified
friend: 12/12 (100%)
Alignment/Cosmesis: 19.0
AOFAS-Alignment/Cosmesis: 0.0
Coughlin et al Pain VAS: 7.1, AOFAS-Total: 46
Pain VAS: 1.6, AOFAS-Total: 86
Patient graded outcome as excellent: 4/
(2003)15
7 (57.1%), good: 3/7 (42.9%), walk in
comfortable shoes without
impingement: 7/7 (100%)
Satisfied: 8/11 (72.7%), unsatisfied: 3/11
Lau et al
Pain VAS: 8.2
Pain VAS: 3.9, AOFAS-Total: 71.6,
(27.3%)
(2001)34
AOFAS-Pain: 22.7, AOFAS-Function:
Would undergo the procedure again: 9/
33.9
11 (81.8%)
AOFAS-Alignment: 15.0, FFI-Pain: 27.7
Abbreviations: AOFAS-Total, American Orthopaedic Foot & Ankle Society Hallux Metatarsophalangeal Interphalangeal Scoring System Total Score; FAAMADL, Foot and Ankle Ability Measure Activities of Daily Living Subscale; FAAM-Sports, Foot and Ankle Ability Measure Sports Subscale; FFI-Total, Foot
Function Index total score; FHSQ, Foot Health Status Questionnaire; Modified AOFAS P/F. Modified American Orthopaedic Foot & Ankle Society score to
select for pain and function (out of 68); Modified AOFAS-Total, Modified American Orthopaedic Foot & Ankle Society HMI score with “cosmesis” added to
the “alignment” section and reweighted subscales (pain: 40 points, function: 40 points, cosmesis/alignment: 20 points); Pain VAS, Visual Analog Scale for Pain;
Satisfaction VAS, Satisfaction Visual Analog Scale; SF-36-MCS, Short Form-36 Mental Component Summary; SF-12 Mental, Short Form-12 Mental Component; SF-36 PCS, Short Form-36 Physical Component Summary; SF-12 Physical, Short Form-12 Physical Component Summary.
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scoring systems (MCIDs: FAAM-ADL, 8; FAAM-Sports,
9; Pain VAS, 30% difference; FFI-Total, 7).33,35,39
Ten (50%) studies reported both preoperative and
postoperative range of motion measurements with statistical treatment of the observed changes in range of
motion. Nine (90.0%) of these studies reported statistically significant improvements in dorsiflexion from preoperation to postoperation whereas the 2 studies
quantifying change in plantarflexion noted no improvements in this measure. A wide variety of additional subjective outcomes were collected across the included
studies in an effort to measure patient satisfaction and
level of function (Table 4).

Discussion
Interposition arthroplasty appears to be a viable option for
the treatment of moderate to severe hallux rigidus in a
patient population looking to salvage motion through the
first metatarsophalangeal joint. In studies reporting preoperative and postoperative outcomes with an outcome scoring system, mean group improvements exceed MCIDs in the
majority of studies. Subjective patient-reported outcomes
suggest a high percentage of postoperative satisfaction, and
improved postoperative range of motion in dorsiflexion is
frequently noted.
Nonetheless, these findings should be interpreted with
caution. The large majority (85.0%) of the studies included
in this review were of Level IV quality evidence, and of this
subset of studies, 70.6% were of a retrospective nature. Only
14 (70.0%) of the included studies captured both preoperative and postoperative scoring measures on their treatment
groups. Using a retrospective chart review to collate
AOFAS-HMI scores is a practice that has been subject to
criticism in the past, given its tendency to underestimate the
tabulated value and subsequently inflate the impression of a
treatment’s efficacy.52 There is conflicting evidence in the
literature as to the true construct validity and reliability of
the AOFAS scoring system, and its historically central place
as a proxy for surgical outcome from treatment of the hallux
has been questioned.5,30,38,57 Additionally, in the comparative setting with arthrodesis, the AOFAS scoring system is a
limited construct, given its partial assessment of outcome as
a function of mobility.
Currently, there is significant interest in defining the relative efficacy of first metatarsophalangeal joint fusion in
comparison to a motion-salvaging, interpositional technique.
Only 1 study included in this review offered such a comparison: a Level III retrospective study concluding that interposition of autogenous dorsal capsule affords a more normal
pattern of plantar pressure during standard gait than does
arthrodesis with equivalent clinical outcomes.36 However,
use of the AOFAS-HMI as a scoring system, the retrospective character of the study, and underpowered sample sizes
for cross-treatment comparisons all limit the study’s conclusions. More recently, a prospective, randomized,
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noninferiority trial was conducted to assess the efficacy of
polyvinyl alcohol hydrogel implant in the setting of a sideby-side comparison with arthrodesis.6 The investigation
concluded that the implant is safe and affords equivalent
functional outcomes and pain relief as does arthrodesis
through short-term follow-up. As a prospective randomized
trial with a prospectively defined endpoint, use of validated
outcome scoring measures, high rate of follow-up, a standardized surgical procedure, and a multicentered and geographically inclusive design, the study in many ways has set a
gold standard for how surgical options for hallux rigidus
might be evaluated moving forward. A subset of the hydrogel implant group has now reached minimum 5-year followup, and, as noted in this review, the implant has
demonstrated high rates of survival (96.3%) at midterm.16
Nevertheless, whether these success rates will be reproduced
in studies born from third-party investigators is unknown
and such studies will be received with great interest.
Beyond the above-mentioned prospective, randomized
study, only 2 additional studies included in this review
reported outcomes based on the grade of degenerative
change at the first MTP joint. One study reported significant
improvement (P < .01) in patients with grade 3 over grade 4
hallux rigidus (Coughlin and Shurnas Classification).50
However, the clinical significance of the differences in those
postoperative outcome scores is unclear. Radiographic grade
was found to make no difference with regard to outcome in
another study.31 Although patient selection is thought to be
important in optimizing surgical outcome, the mainstay classification schemes for grading hallux rigidus severity do not
appear to correlate with intraoperative findings, pain, and
active range of motion.7 Future studies exploring the role
of interposition arthroplasty and arthrodesis in a comparative
setting might benefit from exploring outcome as a function
of intraoperative appearance of the joint, preoperative pain
levels, and range of motion rather than by levels of the
existing classifications for grading joint deterioration. The
difficulty with a randomized assignment of interposition
arthroplasty and arthrodesis is the strong preferences
patients may hold to maintain postoperative motion through
the hallux. As randomization can lead to a significant rate of
study dropout (23.0%), high-quality, nonrandomized, prospective cohort studies might be a more feasible option for
exploring this comparison.6
The resection arthroplasty with subsequent interposition
of autogenous soft tissue has long been described, even prior
to the dates of publication of the studies included in this
review. Both “bundle soft tissue” interposition arthroplasty
and capsular interposition techniques have a long history in
the literature, with very early descriptions of this “bundle
soft tissue” technique including interposition of
gastrocnemius-soleus tendon, extensor halluces longus tendon, gracilis tendon, and plantaris tendon bundles.4,14,41
However, the most recent systematic review dedicated to
exploring outcomes from these interpositional techniques
pre-dated the rapid emergence of outcome-centered
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investigations exploring the role of allogeneic soft tissue and
synthetic, pliable substrates as joint spacers.49 Many of these
studies have surfaced in the literature in recent years, as the
movement toward both promoting chondrostimulation and
regeneration and developing matrices to serve as functional
chondral replacement has gained momentum.18-21,27,29,55
Interestingly, studies reporting on opportunities for biopsy
of autogenous interposed capsular tissue in the setting of
surgery needed on the lesser rays after interposition arthroplasty have noted the appearance of a viable fibrocartilaginous flap in the first MTP joint.2,43
Despite all of these innovative and promising efforts,
only 1 of the studies included in this review evaluated
autogenous and allogeneic interpositional material comparatively, noting no difference in failure rate or incidence
of transfer metatarsalgia between the placement of autogenous dorsal capsule and acellular dermal matrix allograft.2
Immunogenic reactions have been reported anecdotally
with allografting of the first MTP joint, whereas autogenous “bundle soft tissue” placement has been associated
with donor site morbidity.15,21 Although the isolated dorsal
and medial autogenous capsular interpositional techniques
can minimize these potential complications, the local capsular interpositional techniques may not provide sufficient
tissue for grafting, particularly of the sesamoid-metatarsal
articulation. Additionally, although the technique has
evolved over time to minimize the extent of phalangeal
resection and to preserve plantar proximal phalangeal
attachments, transfer metatarsalgia is still observed with
some frequency as a postoperative complication. At this
time, despite an array of available interpositional materials,
there is limited evidence suggesting the improved efficacy
of one implant over the many others. The relative importance of the quality and extent of debridement and decompressive technical work vs graft choice also remains
unclear.
There are a number of limitations of this review, primarily related to the quality of the current literature that is available on this subject, which in many ways is an important
finding in and of itself. The paucity of prospective, multiarmed studies using a reliable and validated common scoring
measure prevented the possibility of meta-analyses and firm
treatment recommendations. Additionally, the generalizability and sustainability of the included studies’ findings are
difficult to gauge, given that the treatment populations were
fewer than 30 patients in 75% of the included studies and
70% of the studies evaluated patients at less than midterm
follow-up time.
In conclusion, interposition arthroplasty appears to be a
viable option for the treatment of moderate to severe hallux
rigidus in patients looking to salvage motion through the first
metatarsophalangeal joint. A wide array of autogenous, allogeneic, and synthetic implants have debuted in recent years,
but long-term follow-up and prospective, comparative studies are lacking. Patient-reported outcomes suggest high postoperative satisfaction, and improved postoperative range of
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motion in dorsiflexion is frequently noted regardless of
interpositional material and operative technique.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.
ICMJE forms for all authors are available online.

Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.

Supplemental Material
Supplemental material for this article is available online.

References
1. Altman DG, Schulz KF, Moher D, et al. The revised CONSORT statement for reporting randomized trials: explanation
and elaboration. Ann Intern Med. 2001;134(8):663-694.
2. Aynardi MC, Atwater L, Dein EJ, Zahoor T, Schon LC, Miller
SD. Outcomes after interpositional arthroplasty of the first
metatarsophalangeal joint. Foot Ankle Int. 2017;38(5):
514-518.
3. Baker MI, Walsh SP, Schwartz Z, Boyan BD. A review of
polyvinyl alcohol and its uses in cartilage and orthopedic applications. J Biomed Mater Res B Appl Biomater. 2012;100(5):
1451-1457.
4. Barca F. Tendon arthroplasty of the first metatarsophalangeal
joint in hallux rigidus: preliminary communication. Foot Ankle
Int. 1997;18(4):222-228.
5. Baumhauer JF, Nawoczenski DA, DiGiovanni BF, Wilding
GE. Reliability and validity of the American Orthopaedic
Foot & Ankle Society Clinical Rating Scale: a pilot study for
the hallux and lesser toes. Foot Ankle Int. 2006;27(12):
1014-1019.
6. Baumhauer JF, Singh D, Glazebrook M, et al. Prospective,
randomized, multi-centered clinical trial assessing safety and
efficacy of a synthetic cartilage implant versus first metatarsophalangeal arthrodesis in advanced hallux rigidus. Foot Ankle
Int. 2016;37(5):457-469.
7. Baumhauer JF, Singh D, Glazebrook M, et al. Correlation of
hallux rigidus grade with motion, VAS pain, intraoperative
cartilage loss, and treatment success for first MTP joint
arthrodesis and synthetic cartilage implant. Foot Ankle Int.
2017;38(11):1175-1182.
8. Beeson P, Phillips C, Corr S, Ribbans W. Classification systems for hallux rigidus: a review of the literature. Foot Ankle
Int. 2008;29(4):407-414.
9. Bia A, Guerra-Pinto F, Pereira BS, Corte-Real N, Oliva XM.
Percutaneous osteotomies in hallux valgus: a systematic
review. J Foot Ankle Surg. 2018;57(1):123-130.
10. Can Akgun R, Sahin O, Demirors H, Cengiz Tuncay I. Analysis of modified oblique Keller procedure for severe hallux
rigidus. Foot Ankle Int. 2008;29(12):1203-1208.
11. Chan HY, Chen JY, Zainul-Abidin S, Ying H, Koo K, Rikhraj
IS. Minimal clinically important differences for American

10

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

Foot & Ankle Orthopaedics
Orthopaedic Foot & Ankle Society score in hallux valgus surgery. Foot Ankle Int. 2017;38(5):551-557.
Clews CN, Kingsford AC, Samaras DJ. Autogenous capsular
interpositional arthroplasty surgery for painful hallux rigidus:
assessing changes in range of motion and postoperative foot
health. J Foot Ankle Surg. 2015;54(1):29-36.
Coleman BD, Khan KM, Maffulli N, Cook JL, Wark JD. Studies of surgical outcome after patellar tendinopathy: clinical
significance of methodological deficiencies and guidelines for
future studies. Scand J Med Sci Sports 2000;10(1):2-11.
Cosentino GL. The Cosentino modification for tendon interpositional arthroplasty. J Foot Ankle Surg. 1995;34(5):
501-508.
Coughlin MJ, Shurnas PJ. Soft tissue arthroplasty for hallux
rigidus. Foot Ankle Int. 2003;24(9):661-672.
Daniels TR, Younger AS, Penner MJ, et al. Midterm outcomes
of polyvinyl alcohol hydrogel hemiarthroplasty of the first
metatarsophalangeal joint in advanced hallux rigidus. Foot
Ankle Int. 2017;38(3):243-247.
DelaCruz EL, Johnson AR, Clair BL. First metatarsophalangeal joint interpositional arthroplasty using a meniscus allograft for the treatment of advanced hallux rigidus: surgical
technique and short-term results. Foot Ankle Spec. 2011;4(3):
157-164.
Ferguson CM, Ellington JK. Operative technique: interposition
arthroplasty and biological augmentation of hallux rigidus surgery. Foot Ankle Clin. 2015;20(3):513-524.
Garras DN, Holton JP. Interpositional arthroplasty technique
for hallux rigidus treatment using amniotic membrane and
regenerative tissue matrix. Tech Foot Ankle Surg. 2016;
15(4):197-201.
Givissis PK, Symeonidis PD, Kitridis DM, Daskalakis DN,
Christodoulou AG. Minimal resection interposition arthroplasty of the first metatarsophalangeal joint. Foot (Edinb).
2017;32:1-7.
Gould JS, Florence MN. Interpositional arthroplasty of the
great toe metatarsophalangeal joint using autogenous fascia
lata for advanced hallux rigidus. Tech Foot Ankle Surg.
2015;14(2):65-68.
Gupta S, Masud S. Long term results of the Toefit-Plus
replacement for first metatarsophalangeal joint arthritis. Foot
(Edinb). 2017;31:67-71.
Hahn MP, Gerhardt N, Thordarson DB. Medial capsular interpositional arthroplasty for severe hallux rigidus. Foot Ankle
Int. 2009;30(6):494-499.
Hamilton WG, Hubbard CE. Hallux rigidus. Excisional arthroplasty. Foot Ankle Clin. 2000;5(3):663-671.
Hamilton WG, O’Malley MJ, Thompson FM, Kovatis PE.
Roger Mann Award 1995. Capsular interposition arthroplasty
for severe hallux rigidus. Foot Ankle Int. 1997;18(2):68-70.
Hattrup SJ, Johnson KA. Subjective results of hallux rigidus
following treatment with cheilectomy. Clin Orthop Relat Res.
1988;266:181-191.
Heller E, Robinson D. Gelfoam first metatarsophalangeal
replacement/interposition arthroplasty—a case series with
functional outcomes. Foot (Edinb). 2011;21(3):119-123.

28. Horisberger M, Haeni D, Henninger HB, Valderrabano V,
Barg A. Total arthroplasty of the first metatarsophalangeal
joint of the hallux. Foot Ankle Int. 2016;37(7):755-765.
29. Hyer CF, Granata JD, Berlet GC, Lee TH. Interpositional
arthroplasty of the first metatarsophalangeal joint using a
regenerative tissue matrix for the treatment of advanced hallux
rigidus: 5-year case series follow-up. Foot Ankle Spec. 2012;
5(4):249-252.
30. Ibrahim T, Beiri A, Azzabi M, Best AJ, Taylor GJ, Menon DK.
Reliability and validity of the subjective component of the
American Orthopaedic Foot & Ankle Society clinical rating
scales. J Foot Ankle Surg. 2007;46(2):65-74.
31. Kennedy JG, Chow FY, Dines J, Gardner M, Bohne WH. Outcomes after interposition arthroplasty for treatment of hallux
rigidus. Clin Orthop Relat Res. 2006;445:210-215.
32. Lam A, Chan JJ, Surace MF, Vulcano E. Hallux rigidus: how
do I approach it? World J Orthop. 2017;8(5):364-371.
33. Landorf KB, Radford JA. Minimal important difference: values for the foot Health Status Questionnaire, Foot Function
Index and visual analogue scale. Foot. 2008;18(1):15-19.
34. Lau JT, Daniels TR. Outcomes following cheilectomy and
interpositional arthroplasty in hallux rigidus. Foot Ankle Int.
2001;22(6):462-470.
35. Lee JS, Hobden E, Stiell IG, Wells GA. Clinically important
change in the visual analog scale after adequate pain control.
Acad Emerg Med. 2003;10(10):1128-1130.
36. Mackey RB, Thomson AB, Kwon O, Mueller MJ, Johnson JE.
The modified oblique Keller capsular interpositional arthroplasty for hallux rigidus. J Bone Joint Surg Am. 2010;92(10):
1938-1946.
37. Maffulli N, Papalia R, Palumbo A, Del Buono A, Denaro V.
Quantitative review of operative management of hallux rigidus. Br Med Bull. 2011;98(1):75-98.
38. Malviya A, Makwana N, Laing P. Correlation of the AOFAS
scores with a generic health QUALY score in foot and ankle
surgery. Foot Ankle Int. 2007;28(4):494-498.
39. Martin RL, Irrgang JJ, Burdett RG, Conti SF, Van Swearingen
JM. Evidence of validity for the foot and ankle ability measure
(FAAM). Foot Ankle Int. 2005;26(11):968-983.
40. McNeil DS, Baumhauer JF, Glazebrook MA. Evidence-based
analysis of the efficacy for operative treatment of hallux rigidus. Foot Ankle Int. 2013;34(1):15-32.
41. Miller D, Maffulli N. Free gracilis interposition arthroplasty
for severe hallux rigidus. Bull Hosp Jt Dis. 2005;62(3-4):
121-124.
42. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med. 2009;6(7): e1000097.
43. Mroczek KJ, Miller SD. The modified oblique Keller procedure: a technique for dorsal approach interposition arthroplasty
sparing the flexor tendons. Foot Ankle Int. 2003;24(7):
521-522.
44. Nagy MT, Walker CR, Sirikonda SP. Second-generation ceramic first metatarsophalangeal joint replacement for hallux rigidus. Foot Ankle Int. 2014;35(7):690-698.

Emmons and Carreira
45. Ozan F, Bora OA, Filiz MA, Kement Z. Interpositional arthroplasty in the treatment of hallux rigidus. Acta Orthop Traumatol Turc. 2010;44(2):143-151.
46. Raikin SM, Ahmad J, Pour AE, Abidi N. Comparison of arthrodesis and metallic hemiarthroplasty of the hallux metatarsophalangeal joint. J Bone Joint Surg Am. 2007;89(9):1979-1985.
47. Roukis TS, Jacobs PM, Dawson DM, Erdmann BB, Ringstrom
JB. A prospective comparison of clinical, radiographic, and
intra-operative features of hallux rigidus: short-term followup and analysis. J Foot Ankle Surg. 2002;41(3):158-165.
48. Roukis TS, Landsman AS, Ringstrom JB, Kirschner P,
Wuenschel M. Distally based capsule-periosteum interpositional arthroplasty for hallux rigidus. Indications, operative
technique, and short-term follow-up. J Am Podiatr Med Assoc.
2003;93(5):349-366.
49. Roukis TS. Outcome following autogenous soft tissue interpositional arthroplasty for end-stage hallux rigidus: a systematic
review. J Foot Ankle Surg. 2010;49(5):475-478.
50. Sanhudo JA, Gomes JE, Rodrigo MK. Surgical operative treatment of advanced hallux rigidus by interpositional arthroplasty. Foot Ankle Int. 2011;32(4):400-406.
51. Schenk S, Meizer R, Kramer R, Aigner N, Landsiedl F, Steinboeck G. Resection arthroplasty with and without capsular
interposition for treatment of severe hallux rigidus. Int Orthop.
2009;33(1):145-150.
52. Schneider W, Knahr K. Poor agreement between prospective
and retrospective assessment of hallux surgery using the
AOFAS hallux scale. Foot Ankle Int. 2005;26(12):1062-1066.

11
53. Shankar NS. Silastic single-stem implants in the treatment of
hallux rigidus. Foot Ankle Int. 1995;16(8):487-491.
54. Shereff MJ, Jahss MH. Complications of silastic implant
arthroplasty in the hallux. Foot Ankle Int. 1980;1(2):
95-101.
55. Siclari A, Krueger JP, Endres M, Boux E. A 24-month followup after treatment of hallux rigidus with resection arthroplasty
in combination with a resorbable polymer-based implant and
platelet-rich plasma. Foot Ankle Surg. 2018;24(5):389-393.
56. Sinha S. Survivorship of the bio-action metatarsophalangeal
joint arthroplasty for hallux rigidus: 5-year follow-up. Foot
Ankle Surg. 2010;16(1):25-27.
57. SooHoo NF, Schuler M, Fleming LL. Evaluation of the validity of the AOFAS clinical rating systems by correlation to the
SF-36. Foot Ankle Int. 2003;24(1):50-55.
58. Stevens J, de Bot RTAL, Hermus JPS, van Rhijn LW, Witlox
AM. Clinical outcomes following total joint replacement and
arthrodesis for hallux rigidus: a systematic review. JBJS Rev.
2017;5(11):e2.
59. Tallon C, Coleman BD, Khan KM, Maffulli N. Outcome of
surgery for chronic Achilles tendinopathy. A critical review.
Am J Sports Med 2001;29(3):315-320.
60. Vulcano E, Chang EL, Solomon D, Myerson M. Long-term
follow-up of capsular interposition arthroplasty for hallux rigidus. Foot Ankle Int. 2018;39(1):1-5.
61. Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of evidence to the journal. J Bone Joint Surg Am. 2003;85A(1):1-3.

