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Patient-Reported and Radiographic Outcomes of
Joint-Preserving Surgery for Rheumatoid
Forefoot Deformities
A Retrospective Case Series with Mean Follow-up of 6 Years

Koichiro Yano, MD, PhD, Katsunori Ikari, MD, PhD, Haruki Tobimatsu, MD, and Ken Okazaki, MD, PhD

Investigation performed at Tokyo Women’s Medical University, Tokyo, Japan

Background: Rheumatoid arthritis (RA) is an autoimmune disorder and a chronic inflammatory disease that can damage
joints throughout the body. As dramatic improvements in medical treatment have contributed to reduced progression of
joint destruction, surgical methods for the treatment of RA-related forefoot deformities have gradually changed from joint-
sacrificing to joint-preserving. The aim of this study was to assess the long-term outcomes, including patient-reported
outcomes, of joint-preserving surgery for forefoot deformities associated with RA.

Methods: This retrospective study included 105 feet in 89 patients with RA who were treated during the period of January
2012 to May 2015 and had a minimum of 5 years of follow-up (mean, 6.0 + 0.9 years). The patient-reported outcome
measure used was the Self-Administered Foot Evaluation Questionnaire (SAFE-Q), which was completed preoperatively
and at the latest follow-up (n = 53 feet). The hallux valgus angle (HVA), the intermetatarsal angle (IMA), and the position of
the medial sesamoid were measured preoperatively, at 3 months postoperatively, and at the latest follow-up. Cases of
delayed wound-healing, hallux valgus recurrence, nonunion at the osteotomy sites, and reoperation were recorded.
Kaplan-Meier survival curves were used to determine the estimated survivorship, with reoperation as the end point.

Results: Scores of all 5 subscales of the SAFE-Q demonstrated significant improvement at the latest follow-up. The
average HVA and IMA decreased significantly 3 months postoperatively, and these measurements remained significantly
lower than the preoperative values (p < 0.01). The position of the medial sesamoid at the latest follow-up improved
significantly (p < 0.01). Delayed wound-healing was found at the site of surgery in 21 (20.0%) of the 105 feet. Recurrence
of hallux valgus was observed in 11 (10.5%) of the feet. There was no case of nonunion at any osteotomy site. Eleven
(10.5%) of the feet required reoperation. The estimated survivorship of the studied joint-preserving surgery at 7 years, with
reoperation as the end point, was 89.5%.

Conclusions: Satisfactory long-term patient-reported and radiographic outcomes after joint-preserving surgery for fore-
foot deformities associated with RA can be achieved.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.
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with RA fail, a variety of surgical procedures are considered. As
patients with low disease activity should have reduced pro-
gression of joint destruction, surgical procedures for forefoot
deformities in patients with RA have gradually changed from
joint-sacrificing surgery, such as arthrodesis and resection
arthroplasty, to joint-preserving surgery’''. In the current
study, our aim was to assess long-term outcomes, including
patient-reported outcomes, of joint-preserving surgery for
forefoot deformities in patients with RA.

Materials and Methods
his study was approved by our institutional review board.
We employed a retrospective observational design to
analyze the clinical and radiographic outcomes of patients
with RA who underwent joint-preserving surgery with a
minimum of 5 years of follow-up.

From January 2012 to May 2015, a total of 222 feet in 173
patients with RA who had symptomatic forefoot deformity, who
had not undergone previous surgical intervention, and who did
not respond to nonoperative therapy were treated at our insti-
tution. Among them, 128 feet in 108 patients with RA were
treated with a proximal rotational closing-wedge osteotomy of
the first metatarsal" and modified shortening oblique osteot-
omies of the lesser metatarsals' by or under the supervision of 2
staff surgeons who had extensive experience in rheumatoid foot

OUTCOMES OF JOINT-PRESERVING SURGERY FOR RHEUMATOID
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surgeries. The inclusion criteria for undergoing osteotomies of
the first metatarsal and the lesser metatarsals were the presence
of symptomatic forefoot deformity, with an intermetatarsal
angle (IMA) of >10°, and subluxation/dislocation of =1 lesser
metatarsophalangeal joint (MTPJ). Conversely, the exclusion
criteria were severe destruction (e.g., Larsen grade V") of the
MTP]. Ultimately, 105 feet in 89 patients were included (Fig. 1).
The average duration of follow-up for the entire cohort was 6.0
years (standard deviation, 0.9 years; range, 5.0 to 7.4 years). All
conventional synthetic disease-modifying anti-rheumatic drugs
(DMARDs) were continued throughout the perioperative
period. Biologic DMARDs were withheld for 1 to 4 weeks prior
to surgery and were restarted 2 weeks postoperatively.

Surgical Technique

Joint-preserving surgery was performed and included a prox-
imal rotational closing-wedge osteotomy of the first metatarsal
and modified shortening oblique osteotomies of the lesser
metatarsals (Figs. 2 through 5), as previously described'"".

Clinical Evaluation

Clinical information was abstracted from medical records, self-
administered questionnaires, and face-to-face interviews. The
patients submitted their patient-reported outcome measure
(PROM) 1 day preoperatively and annually postoperatively. A

did not undergo previous surgical intervention (n=222)

Patients with symptomatic rheumatoid forefoot deformity who did not respond to conservative therapy and

Excluded (n=94)
Joint-preserving surgery

Joint-sacrificing surgery

Others

+ Proximal rotational closing-wedge osteotomy of the first metatarsal alone (n=9)
+ Distal osteotomy of the first metatarsal (n=10)

+ Soft tissue reconstruction of the first metatarsal (n=2)

* Shortening oblique osteotomy of the lesser metatarsal alone (n=14)

* Arthrodesis of the first metatarsophalangeal joint (n=8)

* Arthrodesis of the first interphalangeal joint and shortening oblique osteotomy
of the lesser metatarsal (n=6)

* Resection arthroplasty (n=38)

« Arthrodesis of the proximal interphalangeal joint (n=1)
« Arthrodesis of the first interphalangeal joint (n=6)

shortening oblique osteotomies of the lesser toes (n=128)

Joint-preserving surgery with proximal rotational closing-wedge osteotomy of the first metatarsal and

Excluded
Lost to follow-up (n=21)
Death (n=2)

Enrolled (n=105)

Reoperation within 5 years after the surgery (n=11) }

| No reoperation (n=94) I

Pre- and postoperative PRO data available (n=53) |

Fig. 1

| Pre- and/or postoperative PRO data unavailable (n=41)

Flow diagram showing the enrollment process. The values shown are the number of feet. PRO = patient-reported outcome.
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Fig. 2

Illistrations of the proximal rotational closing-wedge osteotomy of the first
metatarsal. Fig. 2-A Anteroposterior view of the first ray. After releasing the
adductortendon and transverse metatarsal ligament, we exposed the base
of the first metatarsal. A closing-wedge osteotomy of the proximal part of
the first metatarsal bone was performed. The medial tip of the wedge was
1.5 cm distal to the metatarsocuneiform joint and vertical to the axis of the
first metatarsal. The first metatarsal was shortened as necessary by re-
secting the distal end of the wedge (white arrow). Fig. 2-B Lateral view of
the first metatarsal. The osteotomy was performed vertical to the axis of the
first metatarsal to prevent secondary displacement in the sagittal plane.
After abducting and rotating the distal fragment of the first metatarsal until
the nail of the great toe turned to the ceiling, we performed crossed
Kirschner wire fixation at the osteotomy site. After creating a shaping flap
valve incision on the medial capsule of the first metatarsophalangeal joint,
the medial eminence was resected as needed. The capsule was then
repaired while holding the hallux in correct alignment. The wires were
removed only at the request of the patient after surgery. Postoperatively,
patients were allowed to walk, bearing weight on their heels. Full weight-
bearing was encouraged 8 weeks postoperatively.

medical assistant digitized the data, and K.Y. maintained them.
Patients who missed the follow-up were asked by telephone to
visit our institute for evaluation.

The PROM instrument used was the Self-Administered
Foot Evaluation Questionnaire (SAFE-Q)'*". The SAFE-Q was
developed as a region-specific measurement tool by the Japanese
Society for Surgery of the Foot that has been reported to have
good validity and responsiveness for patients with RA'. The
main part of the SAFE-Q consists of 34 questions with 5 subscale
scores: “pain and pain-related,” “physical functioning and daily
living,” “social functioning,” “shoe-related,” and “general health
and well-being.” Because SAFE-Q data were collected starting in
2013, after the instrument was first published, subjects enrolled
prior to 2013 did not have PROM evaluation.

Radiographic Evaluation

Standard anteroposterior radiographs of the foot under
weight-bearing conditions were analyzed preoperatively, at
3 months postoperatively, and at the latest follow-up.

OUTCOMES OF JOINT-PRESERVING SURGERY FOR RHEUMATOID
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The hallux valgus angle (HVA) and IMA were measured
on anteroposterior radiographs with full weight-bearing, as
described elsewhere'’. We used the classification of medial
sesamoid displacement as described by Hardy and Clapham
to estimate the internal rotation of the first metatarsal, as the
lateral shift of the sesamoids and internal rotation of the first
metatarsal occur simultaneously with severe hallux valgus'.
K.Y. and H.T. performed unblinded radiographic assessments,
and the values measured by K.Y. were used in this study. The
intraclass correlation coefficient values for interobserver reliability
were 0.95 for the HVA and 0.85 for the IMA. To define radio-
graphic recurrence of hallux valgus impacting PROMs, we as-
sessed the relationship between SAFE-Q scores and an increase in
the HVA of > 5°, >10°, and >15° at the latest follow-up compared
with the angle at 3 months postoperatively. Hallux varus was
defined as an HVA of <0°.

Complications
Each surgeon recorded all complications in the patients’ medical
records, with complications of interest including delayed wound-

Fig. 3

Pﬁotograph of the location of the skin incisions. For the first ray, a dor-
somedial incision was made, beginning at the metatarsophalangeal joint
and ending at the metatarsocuneiform joint. For the second through fourth
rays, a lazy-S-shaped dorsal incision was made, beginning at the base of
the second proximal phalanx, passing over the third metatarsal, and
ending at the base of the fourth metatarsal. For the fifth ray, a vertical
incision was made beginning at the metatarsophalangeal joint and ending
at the proximal third of the fifth metatarsal.
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Fig. 4

Illistrations of the modified method used for the shortening oblique
osteotomies of the lesser metatarsals. Fig. 4-A After cutting the meta-
tarsal neck twice in a parallel manner, we removed the bone fragment. The
amount of shortening was limited to <10 mm. When a dorsiflexion con-
tracture persisted, the extensor digitorum brevis tendons, the dorsal
aspect of the capsule, and the collateral ligaments were progressively
released, and/or Z-plasty lengthening of the extensor digitorum longus
tendons was performed. Fig. 4-B After verifying that it was possible to
reduce the dislocation, we temporarily fixed the metatarsophalangeal
joints and the osteotomy sites using a single Kirschner wire for each toe.
Moreover, the osteotomy sites were ligated with sutures to gain better
bone-on-bone contact. The black arrow indicates shortening of the
metatarsal.

healing, recurrent lesser MTPJ dislocation and hallux valgus,
hallux varus, painful plantar forefoot callosity, nonunion at the
osteotomy sites, and reoperation; K.Y. obtained this information
from the medical records. When the frequency of a complication
exceeded 10%, SAFE-Q scores were compared between cases with
and without these complications.

Statistical Methods

We used the Wilcoxon signed rank-sum test to compare the
preoperative and postoperative SAFE-Q scores and radio-
graphic values. The distribution-based minimal clinically
important difference (MCID) was estimated by calculating
50% of the standard deviation of the change between pre-
operative and postoperative scores in this patient popula-
tion'”. The Mann-Whitney U test was used to compare 2
independent groups. The Fisher exact test was used to
compare the categorized data. Kaplan-Meier survival curves
with 95% confidence intervals were employed to determine
the estimated survivorship, with reoperation as the end
point. The level of significance was set at o = 0.05. Statistical
analyses were performed using the R software package (The
R Project for Statistical Computing).

Results
he demographic characteristics of the patients ultimately
included in this study and those lost to follow-up are
shown in Table I. Age at surgery and the 28-joint Disease
Activity Score were significantly lower, and the disease duration

OUTCOMES OF JOINT-PRESERVING SURGERY FOR RHEUMATOID
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was significantly shorter, among the patients lost to follow-up
compared with the included patients. A significant difference
was not demonstrated for other variables.

Eleven patients (11 feet) required reoperation before the
5-year follow-up, and the preoperative SAFE-Q scores were not
available for 40 patients (41 feet), including 32 patients (32
feet) who were enrolled in the study before PROM data were
collected. Pre- and postoperative SAFE-Q scores were available
for 48 patients (53 feet) (Fig. 1). Scores of all 5 subscales
improved significantly at the latest follow-up (Table II). The
improvement in scores for the 5 subscales was above MCID
estimates.

As shown in Figure 6, the average HVA and IMA de-
creased significantly 3 months postoperatively. Although the
angles at the latest follow-up increased significantly compared
with those 3 months postoperatively, they remained signifi-
cantly lower than the preoperative values (p < 0.01). The
position of the medial sesamoid at the latest follow-up im-
proved significantly (p < 0.01). The average number of lesser
toes operated on was 3.4 per foot.

We looked at those with an increase in the HVA of <5°
versus >5°, <10° versus >10°, and <15° versus >15°. Significant
improvement in all subscales of the SAFE-Q was found for the
group with an increase in the HVA of <5°, and significant
improvement in 3 subscales (pain and pain-related, shoe-
related, and general health and well-being) was noted for the
group with an increase in the HVA of >5°. Similarly, significant
improvement in all subscales of the SAFE-Q was found for the
group with an increase in the HVA of <10°, and significant
improvement in 2 subscales (pain and pain-related and social
functioning) was noted for the group with an increase in the
HVA of >10°. However, while significant improvement in all
subscales of the SAFE-Q was found for the group with an
increase in the HVA of <15°, the group with an increase in the
HVA of >15° did not demonstrate significant improvement in
any subscale (data not shown). On the basis of these results,
recurrent hallux valgus was defined as an increase in the HVA
of >15° at the latest follow-up compared with 3 months
postoperatively.

The Akin procedure for the first proximal phalanx or
arthrodesis of the first interphalangeal joint was performed in 4
(3.8%) of the 105 feet. Arthrodesis of the proximal interpha-
langeal joints of the lesser toes was performed in 4 feet (3.8%).
Z-plasty lengthening of the extensor digitorum longus tendons
(EDLs) for >1 lesser toe was performed in 31 feet (29.5%).
Scores of 2 of the 5 SAFE-Q subscales (physical functioning and
daily living, and shoe-related) at the latest follow-up were
significantly lower for patients with, versus those without,
Z-plasty lengthening (data not shown).

Delayed wound-healing was found at the site of surgery
in 21 (20.0%) of the 105 feet. All wounds healed after non-
operative treatment. Recurrence of hallux valgus was observed
in 11 (10.5%) of the feet. Hallux varus deformity developed in 4
(3.8%) of the feet. Recurrent lesser MTPJ dislocation was
found in 24 joints (7.7%). Painful callosities occurred or re-
mained in 16 (17.0%) of the 94 feet without reoperation. Scores
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Fig. 5
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Images from the case of a 59-year-old woman treated with a rotational closing-wedge osteotomy of the first metatarsal and distal shortening oblique
osteotomies of the second through the fifth metatarsals, including photographs of the left foot preoperatively (Figs. 5-A and 5-B) and at the latest follow-up
(Figs. 5-C and 5-D) and anteroposterior radiographs of the foot under weight-bearing conditions preoperatively (Fig. 5-E), 3 months postoperatively

(Fig. 5-F), and at the latest follow-up (Fig. 5-G).

of 3 of the 5 subscales of the SAFE-Q were significantly lower at
the latest follow-up for patients with painful callosity compared
with those without painful callosity (Table IIT). There was no
nonunion at any osteotomy site including of the lesser meta-
tarsals. Reoperation was needed in 11 (10.5%) of the feet (Table
IV). The estimated survivorship of this joint-preserving sur-
gery at 7 years, with reoperation as the end point, was 89.5%
(Fig. 7).

Discussion

To our knowledge, this is the largest series in which mul-
tiple outcomes of joint-preserving surgery for rheuma-

toid forefoot deformities were evaluated. Our analysis showed

that PROM scores and radiographic outcomes were satisfac-

tory at a mean long-term follow-up of 6.0 years. Although the

rates of recurrent lesser MTPJ dislocation, hallux varus, and
nonunion were low, delayed wound-healing, recurrence of
hallux valgus, and painful callosity occurred in up to 20% of
the cases. PROMs demonstrated less improvement in patients
with recurrent hallux valgus, defined as an increase in the
HVA of >15°. The estimated survivorship of this joint-
preserving surgery at 7 years, with reoperation as the end
point, was 89.5%.

The joint-preserving surgery was associated with im-
provement in the median scores of all 5 subscales of the SAFE-
Q in comparison with preoperative values. Other authors have
described postoperative SAFE-Q scores after joint-preserving
surgeries for patients with RA>**. Ebina et al. compared
postoperative and preoperative scores of the SAFE-Q after
joint-preserving surgery, reporting that all 5 subscales of the
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TABLE | Characteristics of Included Cases and Cases Lost to Follow-up*

Included Cases (N = 105) Lost to Follow-up (N = 23) P Valuet
Age (yr) 62.0 (56.0, 67.0) 52.0 (44.5, 60.0) 0.006
Female sex (no. [%]) 104 (99.0%) 21 (91.3%) 0.08
Disease duration¥ (yr) 18.0 (14.0, 24.0) 14.0 (9.0, 18.8) 0.047
DAS28-ESR¥ 3.1 (2.5, 4.3) 2.2 (2.1, 3.1) 0.044
PSL use (no. [%]) 44 (41.9%) 9 (39.1%) 0.82
PSL dose¥ (mg/day) 0 (0, 3.3) 0 (0, 3.8) 0.88
MTX use (no. [%)]) 67 (63.8%) 19 (82.6%) 0.06
MTX doseF (mg/wk) 7.0 (0, 10.0) 8.0 (6.0, 10.0) 0.26
Biologic DMARDSs use (no. [%]) 25 (23.8%) 7 (30.4%) 0.6
Biologic DMARDSs (no.) IFX: 5, ETN: 13, ADA: 2, GLM: 1, TCZ: 2, ABT: 2 IFX: 1, ETN: 5, ABT: 1 —
Operative time¥ (min) 118.0 (100.0, 137.0) 121.0 (107.0, 158.0) 0.42
Hallux valgus angle¥ (deg) 47.8 (38.0, 55.0) 46.6 (35.6, 55.5) 0.89
Intermetatarsal angle¥ (deg) 15.7 (13.5, 18.4) 16.0 (13.7, 18.5) 0.79
Grades of the position of the medial H: 1, IV: 4, V: 16, VI: 20, VII: 64 IV: 2, V: 2, VI: 3, VIl: 16 0.61
sesamoid by Hardy and Clapham18 (no.)
*Cases lost to follow-up (n = 23) include 2 patients who died. DAS28-ESR = 28-joint Disease Activity Score with erythrocyte sedimentation rate,
PSL = prednisolone, MTX = methotrexate, DMARD = disease-modifying anti-rheumatic drug, IFX = infliximab, ETN = etanercept, ADA = adalimumab,
GLM = golimumab, TCZ = tocilizumab, and ABT = abatacept. TMann-Whitney U test was used to compare quantitative variables, and Fisher exact
test was used to compare the categorized variables. ¥The values are given as the median, with the interquartile range in parentheses.

SAFE-Q improved significantly after surgery®', similar to
our finding. Only 1 study, to our knowledge, utilized other
PROMs (a visual analog scale for pain and the Short Form-
36) to compare pre- and postoperative results of the joint-
preserving surgeries, and the results were satisfactory*.
Joint-sacrificing procedures, including arthrodesis, re-
section arthroplasty, or silicone implant arthroplasty of the
MTPJ, have been used to correct forefoot deformities in pa-
tients with RA. Some mid- and long-term outcomes of those
surgeries have been reported””. However, in resection ar-
throplasty, the high recurrence rate of hallux valgus, the loss
of joint function, abnormal plantar pressure, and gait
abnormality at mid- and long-term follow-up have been
reported*™***°. Loss of range of motion, nonunion, and in-

terphalangeal joint arthritis in arthrodesis'"”’** and osteol-

ysis, osteophyte formation, and breakage of implants
in silicone implant arthroplasty'®** have also been reported.
The introduction of new DMARDs has caused a dramatic
paradigm shift in the treatment of RA*. The prevention of
joint destruction by these medications has been reported**’.
Compared with joint-sacrificing surgeries, joint-preserving
surgeries have the advantages of preserving range of motion
and stability of the MTP], obtaining push-off, and improv-
ing plantar pressure distributions®*"***, There is an on-
going debate as to whether joint-preserving or joint-
sacrificing procedures are superior in the treatment of
rheumatoid forefoot deformities. Some research has shown
that joint-preserving surgery results in equivalent or better

TABLE Il Pre- and Postoperative PROM Scores (N = 53)*

SAFE-Q Subscale Preop.t Latest Follow-upt MCID P Value¥
Pain and pain-related 50.0 (38.9, 77.8) 75.0 (66.1, 82.6) 9.2 <0.01
Physical functioning and daily living 70.5 (54.5, 79.5) 81.8 (61.4, 91.5) 9.1 <0.01
Social functioning 75.0 (58.3, 95.8) 91.7 (66.7, 100) 11.8 <0.01
Shoe-related 33.3(25.0, 41.7) 58.3 (41.7, 75.0) 10.3 <0.01
General health and well-being 60.0 (45.0, 80.0) 80.0 (65.0, 95.0) 10.2 <0.01

*53 cases treated with joint-preserving surgery for rheumatoid forefoot deformities with available pre- and postoperative SAFE-Q (Self-
Administered Foot Evaluation Questionnaire) scores. PROM = patient-reported outcome measure, and MCID = minimal clinically important
difference. tThe values are given as the median, with the interquartile range in parentheses. $Wilcoxon signed rank-sum test.
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Fig. 6

Radiographic outcomes. Each box represents the interquartile range of values, with the bold horizontal lines within the boxes showing the median value. The

vertical dashed lines show maximum and minimum values that fall within 1.5 box lengths, and the open circles show extreme values >1.5 box lengths.
Fig. 6-A Median hallux valgus angles. Fig. 6-B Median intermetatarsal angles. Fig. 6-C The position of the medial sesamoid, classified as grade | to VIl

according to the measurement system proposed by Hardy and Claphamis.

outcomes™*"*>*, In the only randomized clinical trial that
we are aware of to compare joint-preserving with joint-
sacrificing procedures, Schrier et al. found that there was no
clinical difference between joint-preserving (n = 10) and joint-
sacrificing (n = 13) surgery at 1 year of follow-up®.

The benefits of proximal rotational closing-wedge
osteotomy are (1) large correction owing to the proximal
location of the osteotomy, (2) correction of the pronation
deformity of the first metatarsal by supinating the distal
fragment of the first metatarsal, (3) simple shortening of the
first metatarsal according to the amounts of the shortening of
the lesser metatarsals, and (4) easy correction only by the

contact of the osteotomy surfaces since the cutting-edge
angle was equal to the preoperatively planned IMA. In this
study, the average HVA, IMA, and grade of the position of the
medial sesamoid at the latest follow-up decreased signifi-
cantly compared with preoperatively. However, the recur-
rence of hallux valgus was found in 11 (10.5%) of the feet. In
several large studies of resection arthroplasty, recurrent
hallux valgus was present in >50% of the cases®*"***. The
authors of other studies of joint-preserving surgeries reported
a rate of hallux valgus recurrence of 0% to 27% of the
patients***'°. Considering that patients with RA who re-
quire surgery often have severe hallux valgus (with mean

TABLE Il Comparison of SAFE-Q Scores at Latest Follow-up Between Cases With and Without Painful Callosity*

SAFE-Q Subscale No Callosity (N = 44)t With Callosity (N = 9)1 P Value¥
Pain and pain-related 77.8 (67.8, 85.7) 36.7 (32.2, 72.8) <0.01
Physical functioning and daily living 84.1 (70.5, 93.2) 65.9 (47.7, 81.8) 0.10
Social functioning 95.8 (75.0, 100) 79.2 (25.0, 79.2) 0.03
Shoe-related 58.3 (41.7, 75.0) 33.3 (8.3, 58.3) 0.01
General health and well-being 80.0 (75.0, 100) 70.0 (65.0, 75.0) 0.051

*SAFE-Q = Self-Administered Foot Evaluation Questionnaire. TCases with pre- and postoperative SAFE-Q scores. The values are given as the
median, with the interquartile range in parentheses. There was a significant difference between the 2 groups in the pain and pain-related subscale

score preoperatively. ¥Mann-Whitney U test.
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preoperative HVA of 46.4° & 11.4° in the current study), the
risk of recurrence may be high.

The benefits of the modified shortening oblique osteot-
omies of the lesser toes include (1) the simple surgical tech-
nique, (2) larger contact surface of cancellous bone that is
beneficial for bone-healing, (3) the ease of adding joint-sparing
procedures to the MTP] using the same incision as the oste-
otomy, and (4) the ease of adjusting the metatarsal length to
preserve the metatarsal parabola. The radiographic outcomes
achieved in this study were not inferior to those reported in
previous studies of other joint-preserving surgeries for rheu-
matoid forefoot deformities (see Appendix). We also previously
described that the distance of movement of the center of
pressure was extended in patients treated with these osteot-
omies for RA-associated forefoot deformities™.

Delayed wound-healing was observed in 21 (20.0%) of
the feet in this study, while other reports of joint-preserving
surgery showed delayed wound-healing in 5.3% to 16.2% of
cases™™**"2. Most of those studies determined the length of
shortening preoperatively by measuring the distance of overlap

OUTCOMES OF JOINT-PRESERVING SURGERY FOR RHEUMATOID
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between the distal end of the metatarsal and the proximal end
of the proximal phalanx of each lesser toe****', whereas we limited
the amount of shortening to <10 mm. Also, the location of
incisions may differ across studies. Although we previously found
tha a longer operative time was a risk factor for delayed wound-
healing for those undergoing rheumatoid forefoot surgery, the
amount of shortening of the lesser metatarsals and the location of
incisions may also affect delayed wound-healing™.

Nonunion was found in 0% of the cases after a mean of 6.0
years of follow-up, despite the poor bone quality of patients with
RA. We previously reported on techniques of metatarsal
osteotomy that were associated with a decrease in the rate of
nonunion®’, which may achieve great success. Other oste-
otomies in past reports have also demonstrated a low non-
union rate (0% to 6.3%)"°.

Painful plantar callosities were present in 17.0% of the
cases at the latest follow-up, but because we did not obtain
preoperative data on callosities, it is unclear whether each callosity
was newly formed after the surgery or existed prior to surgery and
remained until the latest follow-up. In this study, PROM scores in

TABLE IV Reoperation Data*

Age at
Primary Time to
Case  Surgery (yr) Sex  Reoperation (yr) Reason for Reoperation Reoperation Procedures
1 63 F 0.8 Recurrence of HV Re-release of the adductor tendon
Reconstruction of the capsule of the first MTPJ
2 47 F 0.5 Recurrence of HV Re-release of the adductor tendon
Reconstruction of capsule of the first MTPJ
3 69 F 1.5 Recurrence of dorsal dislocation Shortening oblique osteotomy of the fifth metatarsal
of the fifth MTPJ
4 58 F 1.8 Plantar callus on the third MTPJ Shortening oblique osteotomy of the third metatarsal
Z-plasty lengthenings of second, fourth, and fifth EDL
5 61 1.7 Hyperdorsiflexion of the hallux IPJ Z-plasty lengthening of EHL tendon
6 73 0.4 Recurrence of HV and contracture  Reconstruction of the capsule of the first MTPJ
of the second MTPJ Release of the dorsal capsule of the second MTPJ
7 62 F 3.7 Recurrence of HV and lesser Arthrodesis of the first MTPJ
toes deformities Shortening oblique osteotomies of the second through
fifth metatarsals
8 66 F 1.3 Recurrence of HV Horizontal osteotomy of the first metatarsal
9 54 4.3 Recurrence of HV and lesser Re-release of the adductor tendon
toes deformities Reconstruction of the capsule of the first MTPJ
Z-plasty lengthening of the second EDL tendon
Release of the dorsal capsule of the third MTPJ
10 64 F 0.5 Recurrence of HV Re-release of the adductor tendon
Reconstruction of the capsule of the first MTPJ
11 73 F 1.1 Recurrence of HV Re-release of the adductor tendon

Reconstruction of the capsule of the first MTPJ

longus.

*HV = hallux valgus, MTPJ = metatarsophalangeal joint, EDL = extensor digitorum longus, IPJ = interphalangeal joint , and EHL = extensor hallucis
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Kaplan-Meier survival curves for joint-preserving surgery showing an estimated survival rate of 89.5% (95% confidence interval, 84% to 96%) at 7 years, with

reoperation as the end point.

the cases with painful callosities at the latest follow-up were sig-
nificantly worse than those in cases without them. It is important
to reduce the rate of plantar callosities to assess the outcomes of
forefoot surgeries because they also cause impairments of gait and
foot function in patients with RA. The rate in this study was
superior compared with the high incidence (37.5% to 79%) of
plantar callosities after resection arthroplasty”***%.

The Kaplan-Meier survival analysis showed a satisfactory
cumulative survivorship of this joint-preserving surgery. The
reoperation rate in this study was 10.5%, which was compa-
rable with rates (2.5% to 16.2%) in other reports of joint-
preserving surgery”**. However, the decision for reoperation
often depends on a patient’s intention despite recurrent or
residual deformities. Not all of the patients with recurrent
hallux valgus and painful callosity decided to undergo reop-
eration. Reported reoperation rates for joint-sacrificing surgery
are between 9% and 30%'"*, and they may be higher than
those for joint-preserving surgery.

Our study had limitations. First, because the study was
limited by its retrospective nature, we could not obtain all of the
relevant clinical and radiographic data from patients. Second, this
study was conducted in a single institution; thus, our results may
not be reproducible or generalizable to other settings or popula-

tions. Third, the preoperative clinical assessment for some patients
was insufficient because some of the patients enrolled in this study
before the development of the PROM instrument that we utilized.
Fourth, our final follow-up time point was not at a uniform
interval, but rather, at the latest follow-up, and PROM scores may
deteriorate over time because of aging. Other limitations include a
lack of blinding, confounding by multiple other surgical pro-
cedures, and varying reasons for reoperation.

In conclusion, overall patient-reported outcomes im-
proved and radiographic outcomes were satisfactory at a mean
follow-up of 6.0 years after joint-preserving surgeries for
forefoot deformities in patients with RA.

Appendix

@ Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJS/G300). m

Koichiro Yano, MD, PhD!
Katsunori Ikari, MD, PhD!


http://jbjs.org
http://links.lww.com/JBJS/G300

515

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 103-A - NUMBER 6 - MARCH 17, 2021

Haruki Tobimatsu, MD!
Ken Okazaki, MD, PhD!

!Department of Orthopedic Surgery (K.Y., K.I., H.T., and K.O.) and
Institute of Rheumatology (K.Y, K.I., and H.T.), Tokyo Women’s Medical
University, Tokyo, Japan

OUTCOMES OF JOINT-PRESERVING SURGERY FOR RHEUMATOID
FOREFOOT DEFORMITIES

Email address for K. Ikari: ikari.katsunori@twmu.ac.jp

ORCID iD for K. Yano: 0000-0002-9514-2719
ORCID iD for K. Ikari: 0000-0001-9066-2005
ORCID iD for H. Tobimatsu: 0000-0001-9903-3619
ORCID iD for K. Okazaki: 0000-0003-1274-8406

References

1. Yamanaka H, Tanaka E, Nakajima A, Furuya T, Ikari K, Taniguchi A, Inoue E,
Harigai M. A large observational cohort study of rheumatoid arthritis, IORRA: pro-
viding context for today’s treatment options. Mod Rheumatol. 2020 Jan;30(1):1-6.
Epub 2019 Oct 1.

2. Yano K, Ikari K, Inoue E, Sakuma Y, Mochizuki T, Koenuma N, Tobimatsu H,
Tanaka E, Taniguchi A, Okazaki K, Yamanaka H. Features of patients with rheuma-
toid arthritis whose debut joint is a foot or ankle joint: a 5,479-case study from the
IORRA cohort. PLoS One. 2018 Sep 6;13(9):e0202427.

3. Barouk LS, Barouk P. Joint-preserving surgery in rheumatoid forefoot: preliminary
study with more-than-two-year follow-up. Foot Ankle Clin. 2007 Sep;12(3):435-54, vi.
4. Bhavikatti M, Sewell MD, Al-Hadithy N, Awan S, Bawarish MA. Joint preserving
surgery for rheumatoid forefoot deformities improves pain and corrects deformity at
midterm follow-up. Foot (Edinb). 2012 Jun;22(2):81-4. Epub 2012 Jan 24.

5. Hirao M, Ebina K, Tsuboi H, Nampei A, Kushioka J, Noguchi T, Tsuji S, Owaki H,
Hashimoto J, Yoshikawa H. Outcomes of modified metatarsal shortening offset
osteotomy for forefoot deformity in patients with rheumatoid arthritis: short to mid-
term follow-up. Mod Rheumatol. 2017 Nov;27(6):981-9. Epub 2017 Feb 1.

6. Kushioka J, Hirao M, Tsuboi H, Ebina K, Noguchi T, Nampei A, Tsuji S, Akita S,
Hashimoto J, Yoshikawa H. Modified scarf osteotomy with medial capsule interpo-
sition for hallux valgus in rheumatoid arthritis: a study of cases including severe first
metatarsophalangeal joint destruction. J Bone Joint Surg Am. 2018 May 2;100(9):
765-76.

7. Nagashima M, Kato K, Miyamoto Y, Takenouchi K. A modified Hohmann method
for hallux valgus and telescoping osteotomy for lesser toe deformities in patients
with rheumatoid arthritis. Clin Rheumatol. 2007 May;26(5):748-52. Epub 2007 Mar
1.

8. Niki H, Hirano T, Akiyama Y, Mitsui H, Fujiya H. Long-term outcome of joint-
preserving surgery by combination metatarsal osteotomies for shortening for fore-
foot deformity in patients with rheumatoid arthritis. Mod Rheumatol. 2015 Sep;
25(5):683-8. Epub 2015 Jun 5.

9. Niki H, Hirano T, Okada H, Beppu M. Combination joint-preserving surgery for
forefoot deformity in patients with rheumatoid arthritis. J Bone Joint Surg Br. 2010
Mar;92(3):380-6.

10. TakakuboY, Takagi M, Tamaki Y, Sasaki A, Nakano H, Orui H, Ogino T. Mid-term
results of joint-preserving procedures by a modified Mann method for big toe
deformities in rheumatoid patients undergoing forefoot surgeries. Mod Rheumatol.
2010 Apr;20(2):147-53. Epub 2009 Dec 11.

11. Yano K, lkari K, Iwamoto T, Saito A, Naito Y, Kawakami K, Suzuki T, Imamura H,
Sakuma Y, Hiroshima R, Momohara S. Proximal rotational closing-wedge osteotomy
of the first metatarsal in rheumatoid arthritis: clinical and radiographic evaluation
of a continuous series of 35 cases. Mod Rheumatol. 2013 Sep;23(5):953-8. Epub
2012 Oct 16.

12. Hanyu T, Yamazaki H, Murasawa A, Tohyama C. Arthroplasty for rheumatoid
forefoot deformities by a shortening oblique osteotomy. Clin Orthop Relat Res. 1997
May;338:131-8.

13. Larsen A, Dale K, Eek M. Radiographic evaluation of rheumatoid arthritis and
related conditions by standard reference films. Acta Radiol Diagnh (Stockh). 1977 Jul;
18(4):481-91.

14. Niki H, Tatsunami S, Haraguchi N, Aoki T, Okuda R, Suda Y, Takao M, Tanaka Y.
Development of the patient-based Outcome Instrument for Foot and Ankle: part 2:
results from the second field survey: validity of the Outcome Instrument for the Foot
and Ankle version 2. J Orthop Sci. 2011 Sep;16(5):556-64. Epub 2011 Jul 14.
15. Niki H, Tatsunami S, Haraguchi N, Aoki T, Okuda R, Suda Y, Takao M, Tanaka Y.
Validity and reliability of a self-administered foot evaluation questionnaire (SAFE-Q). J
Orthop Sci. 2013 Mar;18(2):298-320. Epub 2013 Jan 9.

16. Yano K, Ikari K, Ochi K, Ishida O, Sakuma Y, Yoshida S, Koyama T, Koenuma N,
Momohara S. Validity and responsiveness of a self-administered foot evaluation
questionnaire in rheumatoid arthritis. Mod Rheumatol. 2015 May;25(3):358-61.
Epub 2014 Oct 8.

17. Coughlin MJ. Rheumatoid forefoot reconstruction. A long-term follow-up study. J
Bone Joint Surg Am. 2000 Mar;82(3):322-41.

18. Hardy RH, Clapham JC. Observations on hallux valgus; based on a controlled
series. J Bone Joint Surg Br. 1951 Aug;33-B(3):376-91.

19. Puzzitiello RN, Gowd AK, Liu JN, Agarwalla A, Verma NN, Forsythe B. Estab-
lishing minimal clinically important difference, substantial clinical benefit, and

patient acceptable symptomatic state after biceps tenodesis. J Shoulder Elbow
Surg. 2019 Apr;28(4):639-47. Epub 2019 Jan 31.

20. Ebina K, Hirao M, Takagi K, Ueno S, Morimoto T, Matsuoka H, Kitaguchi K,
Iwahashi T, Hashimoto J, Yoshikawa H. Comparison of the effects of forefoot joint-
preserving arthroplasty and resection-replacement arthroplasty on walking plantar
pressure distribution and patient-based outcomes in patients with rheumatoid
arthritis. PLoS One. 2017 Aug 29;12(8):e0183805.

21. Ebina K, Hirao M, Hashimoto J, Nampei A, Shi K, Tomita T, Futai K, Kunugiza Y,
Noguchi T, Yoshikawa H. Comparison of a self-administered foot evaluation ques-
tionnaire (SAFE-Q) between joint-preserving arthroplasty and resection-replacement
arthroplasty in forefoot surgery for patients with rheumatoid arthritis. Mod Rheu-
matol. 2017 Sep;27(5):795-800. Epub 2016 Dec 9.

22, Chao JC, Charlick D, Tocci S, Brodsky JW. Radiographic and clinical outcomes of
joint-preserving procedures for hallux valgus in rheumatoid arthritis. Foot Ankle Int.
2013 Dec;34(12):1638-44. Epub 2013 Aug 14.

23. Grondal L, Brostrom E, Wretenberg P, Stark A. Arthrodesis versus Mayo
resection: the management of the first metatarsophalangeal joint in reconstruction
of the rheumatoid forefoot. J Bone Joint Surg Br. 2006 Jul;88(7):914-9.

24. Matsumoto T, Kadono Y, Nishino J, Nakamura K, Tanaka S, Yasui T. Midterm
results of resection arthroplasty for forefoot deformities in patients with rheumatoid
arthritis and the risk factors associated with patient dissatisfaction. J Foot Ankle
Surg. 2014 Jan-Feb;53(1):41-6. Epub 2013 Nov 14.

25. Rosenbaum D, Timte B, Schmiegel A, Miehlke RK, Hilker A. First ray resection
arthroplasty versus arthrodesis in the treatment of the rheumatoid foot. Foot Ankle
Int. 2011 Jun;32(6):589-94.

26. Tada M, Koike T, Okano T, Sugioka Y, Wakitani S, Mamoto K, Inui K, Nakamura
H. Preference of surgical procedure for the forefoot deformity in the rheumatoid
arthritis patients—a prospective, randomized, internal controlled study. Mod
Rheumatol. 2015 May;25(3):362-6. Epub 2014 Oct 8.

27. Torikai E, Kageyama Y, Suzuki M, Ichikawa T, Nagano A. Comparison between
resection arthroplasty alone and resection arthroplasty with arthrodesis of the first
MTP joint for rheumatoid forefoot deformities. Mod Rheumatol. 2008;18(5):486-91.
Epub 2008 Jun 24.

28. Fuhrmann RA, Anders JO. The long-term results of resection arthroplasties of
the first metatarsophalangeal joint in rheumatoid arthritis. Int Orthop. 2001;25(5):
312-6.

29. Hamalainen M, Raunio P. Long-term followup of rheumatoid forefoot surgery.
Clin Orthop Relat Res. 1997 Jul;340:34-8.

30. McGarvey SR, Johnson KA. Keller arthroplasty in combination with resection
arthroplasty of the lesser metatarsophalangeal joints in rheumatoid arthritis. Foot
Ankle. 1988 Oct;9(2):75-80.

31. Thomas S, Kinninmonth AW, Kumar CS. Long-term results of the modified
Hoffman procedure in the rheumatoid forefoot. Surgical technique. J Bone Joint Surg
Am. 2006 Mar;88(Suppl 1 Pt 1):149-57.

32. Tillmann K. Surgery of the rheumatoid forefoot with special reference to the
plantar approach. Clin Orthop Relat Res. 1997 Jul;340:39-47.

33. Vahvanen V, Piirainen H, Kettunen P. Resection arthroplasty of the metatarso-
phalangeal joints in rheumatoid arthritis. A follow-up study of 100 patients. Scand J
Rheumatol. 1980;9(4):257-65.

34. Hulse N, Thomas AM. Metatarsal head resection in the rheumatoid foot: 5-year
follow-up with and without resection of the first metatarsal head. J Foot Ankle Surg.
2006 Mar-Apr;45(2):107-12.

35. Brooks F, Hariharan K. The rheumatoid forefoot. Curr Rev Musculoskelet Med.
2013 Dec;6(4):320-7.

36. Trieb K. Management of the foot in rheumatoid arthritis. J Bone Joint Surg Br.
2005 Sep;87(9):1171-7.

37. Grondal L, Hedstrom M, Stark A. Arthrodesis compared to Mayo resection of the
first metatarsophalangeal joint in total rheumatoid forefoot reconstruction. Foot
Ankle Int. 2005 Feb;26(2):135-9.

38. Bolland BJ, Sauvé PS, Taylor GR. Rheumatoid forefoot reconstruction: first
metatarsophalangeal joint fusion combined with Weil's metatarsal osteotomies of
the lesser rays. J Foot Ankle Surg. 2008 Mar-Apr;47(2):80-8.

39. Mann RA, Schakel ME 2nd. Surgical correction of rheumatoid forefoot defor-
mities. Foot Ankle Int. 1995 Jan;16(1):1-6.


mailto:ikari.katsunori@twmu.ac.jp
http://orcid.org/0000-0002-9514-2719
http://orcid.org/0000-0001-9066-2005
http://orcid.org/0000-0001-9903-3619
http://orcid.org/0000-0003-1274-8406

516

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 103-A - NUMBER 6 - MARCH 17, 2021

40. Louwerens JW, Schrier JC. Rheumatoid forefoot deformity: pathophysiology,
evaluation and operative treatment options. Int Orthop. 2013 Sep;37(9):1719-29.
Epub 2013 Jul 28.

441. Moeckel BH, Sculco TP, Alexiades MM, Dossick PH, Inglis AE, Ranawat CS. The
double-stemmed silicone-rubber implant for rheumatoid arthritis of the first meta-
tarsophalangeal joint. Long-term results. J Bone Joint Surg Am. 1992 Apr;74(4):
564-70.

42. Hanyu T, Yamazaki H, Ishikawa H, Arai K, Tohyama CT, Nakazono K, Murasawa
A. Flexible hinge toe implant arthroplasty for rheumatoid arthritis of the first meta-
tarsophalangeal joint: long-term results. J Orthop Sci. 2001;6(2):141-7.

43. Kaneko Y, Takeuchi T. A paradigm shift in rheumatoid arthritis over the past
decade. Intern Med. 2014;53(17):1895-903. Epub 2014 Sep 1.

44. Klareskog L, van der Heijde D, de Jager JP, Gough A, Kalden J, Malaise M,
Martin Mola E, Pavelka K, Sany J, Settas L, Wajdula J, Pedersen R, Fatenejad S,
Sanda M; TEMPO (Trial of Etanercept and Methotrexate with Radiographic Patient
Outcomes) study investigators. Therapeutic effect of the combination of eta-
nercept and methotrexate compared with each treatment alone in patients with
rheumatoid arthritis: double-blind randomised controlled trial. Lancet. 2004 Feb
28;363(9410):675-81.

45. Maini R, St Clair EW, Breedveld F, Furst D, Kalden J, Weisman M, Smolen J,
Emery P, Harriman G, Feldmann M, Lipsky P; ATTRACT Study Group. Infliximab
(chimeric anti-tumour necrosis factor alpha monoclonal antibody) versus placebo in
rheumatoid arthritis patients receiving concomitant methotrexate: a randomised
phase Il trial. Lancet. 1999 Dec 4;354(9194):1932-9.

46. Weinblatt ME, Keystone EC, Furst DE, Moreland LW, Weisman MH, Birbara CA,
Teoh LA, Fischkoff SA, Chartash EK. Adalimumab, a fully human anti-tumor necrosis
factor alpha monoclonal antibody, for the treatment of rheumatoid arthritis in
patients taking concomitant methotrexate: the ARMADA trial. Arthritis Rheum. 2003
Jan;48(1):35-45.

OUTCOMES OF JOINT-PRESERVING SURGERY FOR RHEUMATOID
FOREFOOT DEFORMITIES

47. Schrier JC, Keijsers NL, Matricali GA, Verheyen CCPM, Louwerens JWK.
Resection or preservation of the metatarsal heads in rheumatoid forefoot surgery? A
randomised clinical trial. Foot Ankle Surg. 2019 Feb;25(1):37-46. Epub 2017 Aug
10.

48. Yano K, Saito H, Ikari K, Okazaki K. Impact of joint-preserving surgery on plantar
pressure among patients with rheumatoid arthritis. Mod Rheumatol. 2020 May;
30(3):604-6. Epub 2019 Jun 24.

49. Fukushi J, Nakashima Y, Okazaki K, Yamada H, Mawatari T, Ohishi M, Oyamada
A, Akasaki Y, Iwamoto Y. Outcome of joint-preserving arthroplasty for rheumatoid
forefoot deformities. Foot Ankle Int. 2016 Mar;37(3):262-8. Epub 2015 Oct 8.

50. Horita M, Nishida K, Hashizume K, Nasu Y, Saiga K, Nakahara R, Machida T, Ohashi
H, Ozaki T. Outcomes of resection and joint-preserving arthroplasty for forefoot defor-
mities for rheumatoid arthritis. Foot Ankle Int. 2018 Mar;39(3):292-9. Epub 2018 Feb 7.
51. Yano K, Ikari K, Takatsuki Y, Taniguchi A, Yamanaka H, Momohara S. Longer
operative time is the risk for delayed wound healing after forefoot surgery in patients
with rheumatoid arthritis. Mod Rheumatol. 2016;26(2):211-5. Epub 2015 Jul 9.
52. Yano K, Ikari K, Ishibashi M, Momohara S. Preventing delayed union after distal
shortening oblique osteotomy of metatarsals in the rheumatoid forefoot. Mod
Rheumatol. 2016 Jul;26(4):546-50. Epub 2015 Dec 14.

53. Reize P, Leichtle Cl, Leichtle UG, Schanbacher J. Long-term results after met-
atarsal head resection in the treatment of rheumatoid arthritis. Foot Ankle Int. 2006
Aug;27(8):586-90.

54. Triolo P, Rosso F, Rossi R, Cerlon R, Cottino U, Bonasia DE. Fusion of the first
metatarsophalangeal joint and second to fifth metatarsal head resection for rheu-
matoid forefoot deformity. J Foot Ankle Surg. 2017 Mar-Apr;56(2):263-70. Epub
2017 Jan 7.

55. van der Heide HJ, Louwerens JW. Reconstructing the rheumatoid forefoot. Foot
Ankle Surg. 2010 Sep;16(3):117-21. Epub 2009 Aug 22.



