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The metatarsophalangeal (MTP) joints are often and predominantly aﬀected in rheumatoid arthritis.
The aim of the current study was to describe surgical techniques of shortening oblique osteotomy for
lesser metatarsal bone with screw ﬁxation at the osteotomy site, and to investigate the short-term clinical outcomes of our procedure. Twenty-seven feet (78 toes) of 24 RA patients underwent the shortening oblique osteotomy for the correction of deformity at the lesser MTP joints. The average Japanese
Society of Surgery of the Foot (JSSF) standard rating system for the RA foot and ankle scale
improved signiﬁcantly from 59.6 points preoperatively to 88.3 points postoperatively (p ＜ 0.001).
Twenty-four feet (89 ) were free from metatarsalgia and symptomatic callosities at the lesser MTP
joint after surgery. Our present ﬁndings showed satisfactory early clinical outcomes of the shortening
oblique osteotomy of the metatarsal bone with screw ﬁxation for RA forefoot.
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I

n rheumatoid arthritis (RA), 16-19 of patients
initially present foot and ankle symptoms [1],
with a lifetime prevalence of up to 90 [2]. The
metatarsophalangeal (MTP) joints are often and predominantly aﬀected with resultant hallux valgus of the
big toe, and subluxation or luxation of the lessor toe
dorsally over the metatarsal head, leading to claw toe
deformities with painful callosity at plantar of MTP
joints or at the dorsal aspect of the interphalangeal
joints.
Although recent advances in pharmacologic therapy
against RA have achieved better disease control,
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ongoing progressive joint destruction may still occur
in a subgroup of RA patients. Van der Leeden reported
that among 848 patients who fulﬁlled the remission
criteria during the ﬁrst 8 years of RA, 29 had at
least one painful MTP joint and 31 had at least one
swollen MTP joint [3]. There is another subgroup of
RA patients with long-standing disease who exhibit
pain and functional impairment due to joint destruction
and deformity. These patients may require joint surgery for improvement of the physical function and
quality of life, in part based on increased expectation
levels of the patients [2].
An investigation of the recent trends in orthopaeConﬂict of Interest Disclosures: No potential conﬂict of interest relevant
to this article was reported.
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dic surgery in a Japanese cohort reported a gradual
increase in the number of foot arthroplasties [4].
Among the surgical procedures currently used for the
correction of rheumatoid forefoot deformities, resection arthroplasty and its modiﬁcations have been the
gold standard to improve patientsʼ pain and ambulation,
providing a satisfactory alignment of the toe [2,5].
However, stability of the forefoot can be lost by the
resection of metatarsal head, and the deformity and
metatarsalgia may recur gradually with time. Moreover,
resection arthroplasty is not acceptable for feet with
isolated or scattered dorsal dislocations of the MTP
joints.
Given the recent advancement of improved disease-modifying antirheumatic drugs (DMARDs), preservation of the metatarsal heads has gained renewed
interest as an alternative to resection arthroplasty
when the joint destruction is mild to moderate [6]. To
date, several metatarsal shortening osteotomies at the
metatarsal neck or midshaft [7-9], the metatarsal
head and neck [10-12], or a proximal metatarsal [13]
have been reported as MTP joint-preserving methods.
We have modiﬁed the shortening oblique osteotomy
described by Hanyu et al. [8], in a procedure in which
metatarsal bones are ﬁxed by screws instead of longitudinal Kirschner wire (K-wire) ﬁxation from the distal phalanx to the metatarsal shaft. Here we describe
the surgical techniques that we use for the screw ﬁxation and the preliminary clinical results of our procedure for RA forefoot.

Patients and Methods
This retrospective study has been approved by the
Ethics Committee of our institute (No. 2194). Twentyseven feet (78 toes) of 24 RA patients who underwent
a shortening oblique osteotomy on the lesser metatarsal bones at our institute between 2009 and 2014 with
a minimum 6-monthsʼ follow-up were included in the
study. All patients met the American Rheumatism
Association 1987 revised criteria for RA [14]. They
were 23 women and 1 man, and their average age was
63.0 (40-79) years at the surgery. The average disease duration was 18.5 (4-47) years, and the average
postoperative follow-up period was 18.3 (6-49) months.
Eleven patients (46 ) were under being treated with
biologic DMARDs (b-DMARDs).
For ﬁxation of the osteotomy site, cortex screws
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were used in 24 feet, and cannulated cancellous
screws were used in 3 feet. The clinical condition of
each foot before and after surgery was assessed
according to the Japanese Society of Surgery of the
Foot (JSSF) standard rating system for the RA foot
and ankle scale for pain (0-30 points), deformity (0-25
points), range of motion (ROM, 0-15 points), walking
ability (0-20 points), and activity of daily living (0-10
points) [15]. The radiographic assessment included
the presence or absence of preoperative dislocation of
an MTP joint, the extent of dislocation of MTP
joint(s) evaluated by the distance between the distal
end of the metatarsal head and the proximal end of the
basal phalanx, and the amount of shortening of the
metatarsal bone at the ﬁnal follow-up.
Surgical techniques. For a single osteotomy,
a 3-cm longitudinal dorsal skin incision is made over
the metatarsal. For a multiple osteotomy, a 4- to
5-cm longitudinal dorsal skin incision is made between
the second and the third, and the fourth and ﬁfth
metatarsals. Blunt dissection of the soft tissue is
made, and the extensor digitorum brevis tendon is
routinely sectioned. The extensor digitorum longs
tendon is preserved or separated using Z-lengthening
if there is a severe MTP joint dislocation. The MTP
joint is then opened with a capsulo-synovectomy, and
the medial and lateral collateral ligaments and the
associated lumbricals are completely released. After
the distal third of metatarsal bones is exposed subperiosteally, a drill hole is made on the dorsal cortex
at the level of the metatarsal neck sloping at 45
degrees from the distal dorsal to the proximal planter
(Fig. 1A).
Next, an osteotomy is done with an oscillating saw
at 1.0 cm proximally from the neck of the metatarsal
bone, sloping at 45 degrees from the proximal dorsal
to the distal planter (Fig. 1B). After the division of
the metatarsal bone and resection of the plantar tip of
the proximal stump, the distal fragment is slide up at
the osteotomy site with planterﬂexion and reduction of
the MTP joint (Fig. 1C).
When joint reduction is diﬃcult, a slice of the
proximal stump is resected by 1-2 mm at a time parallel to the original plane of the osteotomy until smooth
reduction of the MTP joint is achieved. Under C-arm
ﬂuoroscopy, the amount of shortening is adjusted,
making the second metatarsal bone the longest, followed by the third, fourth, and ﬁfth metatarsal bones
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in order to form a smooth arc toward the lateral side.
While holding the distal fragment, the drilling is conducted further to penetrate the plantar cortex of the
proximal shaft (Fig. 1D).
After the appropriate length of the screw is sized,
a cortex screw (Modular Hand System, DePuy
Synthes, Switzerland) with the dia. of 2.0 or 2.4 mm
is inserted to ﬁx the fragment (Fig. 1E). When the
cannulated screw is used, the osteotomy is done ﬁrst
(Fig. 2A), and the distal fragment is slide up at the
osteotomy site (Fig. 2B). With reduction of the MTP
joint, a guide wire is inserted from the center of the
distal fragment at the level of the metatarsal neck
sloping at 45 degrees from the distal dorsal to the
proximal planter (Fig. 2C).
After the length of the appropriate screw is measured (Fig. 2D), a drill hole for a 2.0- or 2.5-mm-dia.
screw is made along with the guide wire (Fig. 2E),
and the bones are ﬁxed by a selected length of cannulated cancellous screw (DARTFIRE®, Wright Medical
Technology, Memphis, TN, USA) (Fig. 2F). The
hammertoe or claw toe deformity is carefully corrected manually, and dermadesis or extensor tendon
plication is added at the dorsal aspect of the proximal
interphalangeal (PIP) joint if necessary. If the ham-
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mer toe deformity is not correctable, a proximal phalangeal head excision and temporary wire ﬁxation, or
arthrodesis of the PIP joint is indicated.
Postoperative management. A bulky compressive bandage is applied with the toe held in plantarﬂexion for 7-10 days. Passive and active ROM
exercise is started at 5-7 days. Bandages are
removed 10-14 days postoperatively. Heel gait is permitted at 7 days if possible, and partial weight bearing with a custom-made arch support is permitted at
14 days. Full weight bearing with a custom-made arch
support is permitted 3 weeks after surgery. Patients
are able to return to normal footwear 6-8 weeks after
surgery.
Statistical analysis. We used the free statistical package R for Windows (www. r-project. org) for
the statistical analyses. The pre- and post-operative
JSSF scales and radiographic variables were analyzed
using the Wilcoxon signed-rank sum test and the MannWhitney U-test, respectively. For the analysis of the
correlation between the extent of the dislocation of the
MTP joint and the amount of shortening of the metatarsal bone, we used the Spearman rank correlation
coeﬃcient. P-values ＜ 0.05 were considered signiﬁcant.
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Fig. 1
Surgical procedure for shortening oblique osteotomy for lesser metatarsal bone with cortex screw ﬁxation. A drill hole is made on
the dorsal cortex at the level of the metatarsal neck (A), osteotomy is done with the oscillating saw (B), and distal fragment is slide up at
the osteotomy site with the reduction of MTP joint (C). Then the drilling is further proceeded to penetrate the plantar cortex of the proximal
shaft (D), and cortex screw with the diameter of 2.0 or 2.4 mm is inserted to ﬁx the fragment after sizing the appropriate length of the
screw (E).
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Fig. 2
Surgical procedure for shortening oblique osteotomy for lesser metatarsal bone with cannulated cancellous screw ﬁxation. An
osteotomy is done ﬁrst (A), distal fragment is slide up at the osteotomy site (B), and a guide wire is inserted from the center of distal
fragment at the level of the metatarsal neck (C). After measuring the length of appropriate screw (D), drill hole for 2.0 or 2.5 mm diameter
screw is made along with the guide wire (E), and bones are ﬁxed by selected length of cannulated cancellous screw (F).

Results
For the big toe, a modiﬁed Mann method with plate
ﬁxation was done in 6 feet (Fig. 3), and MTP joint
arthrodesis was done in 9 feet combined with shortening osteotomy of the lesser toes. The remaining 12
feet underwent lesser toe surgery without big toe
procedures. The average JSSF scale improved signiﬁcantly from 59.6 points (range, 28-81 points) preoperatively to 88.3 points (range, 56-98 points) postoperatively (p ＜ 0.001) (Table 1). In the sub-analysis
of activity of daily life, “standing on toe” was Easy in
13 feet (48 ) and Diﬃcult in 6 feet (22 ). Eight
feet (30 ) were unable to stand on the toe, and of
these, 5 feet (63 ) had undergone MTP joint
arthrodesis of the big toe.
Radiographic assessment. The average
amount of shortening of the metatarsal bone after the
surgery was 4.1 ± 1.9 mm. Preoperative dislocation of
the MTP joint was noted in 39 toes of 20 feet. In
these toes, the average preoperative extent of dislocation of the MTP joint was 6.1 ± 2.3 mm, and the average amount of shortening of the metatarsal bone after
the surgery was 4.6 ± 2.0 mm. In the 39 toes without
MTP joint dislocation, the amount of shortening of the
metatarsal bone after the surgery was 3.6 ± 1.7 mm,
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Fig. 3
Radiographs showing before (A) and after shortening
oblique osteotomy for lesser metatarsal bone with screw ﬁxation
(B). For the 1st metatarsal bone, correction osteotomy and plate
ﬁxation was done.

which was signiﬁcantly lower than that of the toes
with MTP joint dislocation (p ＜ 0.01). There was no
signiﬁcant correlation between the extent of dislocation of the MTP joint and the amount of shortening of
the metatarsal bone (R ＝ 0.17, p ＝ 0.31).
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Clinical outcome of shortening oblique osteotomy assessed by JSSF-RA scale

Items

Preoperative

Postoperative

P value

General pain (30 points)
Deformity (25 points)
Motion (15 points)
Walking ability (20 points)
Activities of daily living (10 points)

20.7 (20-30)
13.8 (3-21)
9.4 (0-15)
11.5 (5-20)
4.2 (0-9)

30.0
21.1 (11-25)
11.6 (0-15)
18.9 (10-20)
6.6 (0-10)

＜0.0001＊
＜0.0001＊

Total

59.6 (28-81)

88.3 (56-98)

＜0.0001＊

0.0081＊
0.0002＊
0.0004＊

all values are expressed as mean (range). ＊Statistically signiﬁcant (p ＜ 0.05)
IP, interphalangeal; MTP, metatarsophalangeal
JSSF-RA scale, Japanese Society of Surgery of the Foot standard rating system for the RA foot and ankle scale.

Postoperative complications. Superﬁcial infection was noted in 2 cases, and treated by antibiotics.
In one case with a deep infection, a screw was
removed and antibiotics were prescribed. None of the
cases presented nonunion, screw breakage, delayed
wound healing, or a digital nerve injury. The recurrence of callosity at the plantar aspect of the MTP
joint was noted in 4 toes of 4 patients, and 2 of the
toes presented mild pain. Three toes of 2 patients
showed recurrence of hammer toe deformity after
manipulation, and 2 toes of one patient were symptomatic. Twenty patients (89 ) were symptom-free at the
lesser MTP joint after surgery.

Discussion
Any joint-preserving procedure for the correction
of RA forefoot theoretically has several merits; it
contributes to the reconstruction of the transverse
metatarsal arch, corrects the metatarsus latus, preserves the joint function (especially of the fulcrum of
ﬂexor tendon), and preserves the weight-bearing area
of the metatarsal head. Fukushi et al. retrospectively
investigated 17 patients with rheumatoid forefoot
deformities who underwent surgery, and they reported
that the joint-preserving procedures for rheumatoid
forefoot deformities resulted in better clinical outcomes than resection arthroplasty with regard to the
function of the hallux and the alignment of the lesser
toes [16]. However, severe destruction of the metatarsal head is not a good indication for a joint-preserving procedure; rather, resection arthroplasty is
indicated especially for the ﬁfth MTP joint.
The distal shortening oblique osteotomy of the
lesser metatarsals occasionally causes delayed union

at the osteotomy site. In their comparison of the
results of the Weil and Helal osteotomies for lesser
MTP joints of 30 RA patients, Trnka et al. reported
that there was also no malunion or pseudoarthrosis in
the Weil osteotomy group, whereas there were ﬁve
malunions and 3 pseudoarthroses in the Helal osteotomy group. A possible reason for this diﬀerence in the
rate of complications might be that no ﬁxation was
used after Helal osteotomy.
The shortening oblique osteotomy surgical method
reported by Hanyu modiﬁed the original Helal method,
and ﬁxed the osteotomy sites temporary by 1.2 mm of
K-wire from the distal phalanx to the metatarsal shaft;
the K-wires are removed 3 weeks after surgery. Using
this method, Yano et al. reported that delayed union
occurred in 21 of 127 metatarsals (16.5 ) of patients
who underwent a shortening oblique osteotomy [17].
In our procedure, the osteotomy site is secured with
a single screw, similarly to a Weilʼs osteotomy. It is
not necessary to remove the screws, and thus the ﬁxing force at the osteotomy site would not be lost
before bone union.
In the present study, nonunion was not observed in
any of the cases. However, ﬁrm screw ﬁxation at the
osteotomy site can be a disadvantage in that it may not
permit the further slide of the distal fragment postoperatively. With weight bearing, the distal metatarsal
would rise to a “natural” level in Helalʼs method [18]
and would be “automatically reduced” by intramedullary ﬁxation by a thin K-wire in Hanyuʼs method [8].
Surgeons should carefully determine the length of the
metatarsal to reproduce a smooth arc with the adjacent metatarsal bones, as well as to preserve the
transverse metatarsal arch.
There are several other advantages of screw ﬁxa-
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tion over K-wire ﬁxation. Our procedure does not ﬁx
the MTP joint, and is not invasive for phalangeal
bones. Early postoperative exercise for MTP-joint
ROM can be started, thus contributing to improved
postoperative ROM and function of the feet. In the
present study, 46 of the patients were using a
b-DMARD. The cannulated screw system also enabled
us to re-start the b-DMARD after the surgical wounds
healed. Further, the use of the cannulated screw system simpliﬁed the surgery, and drilling through the
guide wire secured the distal fragment from the bone
fracture by direct drilling. This system also made the
operative time shorter and may have contributed to the
prevention of delayed wound healing, as Yano et al.
described [19].
The post-operative length of the metatarsal bone is
important for stable weight bearing and powerful toeoﬀ, and thus a minimum amount of shortening is preferred. In the oblique osteotomy procedure reported
by Hanyu, the osteotomy is performed twice according
to the extent of dislocation, and the resulting shortening was an average of 7 mm; however, 80 of the ray
shortenings were ＜ 10 mm [8]. Niki et al. described
a technique in which, after a proximal oblique shortening osteotomy, the head of each metatarsal is repositioned to the level of the proximal part of each dislocated proximal phalanx [13]. Trnka et al. described
shortening ranging from 3 to 8 mm according to the
length of the involved and adjacent metatarsal bones
and the severity of the dislocation in the Weil osteotomy [18].
In our procedure, the sliding up of the distal fragment at the osteotomy site is done with the smooth
reduction of the MTP joint after an intensive capsulo-synovectomy and soft tissue release within the MTP
joint. The sliding up of the distal fragment was enough
for MTP joint reduction in the toes without dislocation. When joint reduction is diﬃcult, shortening of
the proximal stump is performed 1-2 mm at a time until
smooth reduction of MTP joint is achieved. As a
result, the average amount of shortening of the metatarsal bone after the surgery was 4.1 ± 1.9 mm (range
1.3-10.9 mm).
In addition to the minimum shortening of the metatarsal bone, the release of the extensor digitorum
brevis tendon and the Z-lengthening of the extensor
digitorum longs tendon, soft tissue release, and synovectomy at the MTP joint are important for the joint
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reduction. Our present ﬁndings revealed that there
was no correlation between the extent of the dislocation of the MTP joint before the surgery and the
amount of shortening of the metatarsal bone. As the
severity of contracture at the MTP joint diﬀers among
patients, it would be diﬃcult to completely predict the
amount of shortening from the preoperative radiograph.
In conclusion, the results of the present study
showed that the early clinical outcome of the shortening oblique osteotomy of the metatarsal bone with
screw ﬁxation for RA forefoot was satisfactory and
comparable to those reported previously. The surgical
procedure was relatively easy when a cannulated
screw system was used. Further investigations with
longer follow-up periods and comparisons with other
surgical procedures are needed to test our ﬁndings.
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