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Abstract

We report herein the results of a retrospective study of 30 ankle arthrodesis procedures
performed in 27 patients with rheumatoid arthritis from 1994 through 2001 using a novel
design of intramedullary nail with fins. The surgical treatment, post-operative management
and clinical evaluation are described. The clinical evaluation, at an average follow-up period of
more than 10 years, was based on foot disease scores from the Japanese Orthopaedic
Association and scores obtained preoperatively, postoperatively, and during follow-ups 1
(November 2001) and 2 (November 2007) were compared. These variables showed significant
improvement between before surgery and at follow-up evaluations. Non-union was not
observed and no marked changes of the Chopart joint were seen between before surgery and
at follow-up evaluations. Delayed wound healing was seen in 9 of 30 joints. However, infection
neuropathy or other complications were not found. We conclude that arthrodesis using an
intramedullary nail with fins is an effective treatment for severe hindfoot deformities in
patients with rheumatoid arthritis because no cases of non-union were observed and because
clinical results over the mean 10-year follow-up period were good or satisfactory.
(J Nippon Med Sch 2009; 76: 240―246)
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Introduction

Patients with rheumatoid arthritis (RA) usually
have forefoot or hindfoot deformities. Forefoot
deformities are usually treated with resection
arthroplasty or telescoping osteotomy, whereas
forefoot deformities are treated with total ankle

arthroplasty (TAA) or ankle arthrodesis. TAA is
considered to have limited indication, because the
long-term outcome of TAA in most series has been
poor, especially in young patients1. The failure rate
of TAA is high, with disappointing long term results,
and the rate of complications, including loosening,
sinking, and migration of the prosthesis, is also
high2,3.
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Table 1 The indication for ankle arthrodesis and total ankle arthroplasty on patients with rheumatoid arthritis

Total ankle arthroplastyAnkle arthrodesis

Non-severe varus or valgus deformitySevere varus or valgus deformity 
Possible fusion of talocalcaneal jointDestructive talocalcaneal joint
Possible within 15 degrees of varus or valgus deformityInstability or mutilans deformity
Non-severe osteoporosis or non osteonecrosis of the talusSevere osteoporosis or osteonecrosis of the talus
Lower RA activityDevelopmental RA activity
Indicative age around 60 yearsNon-limited indicative age
Hemilateral ankle arthrodesisFailed total ankle arthroplasty

On the other hand, ankle arthrodesis has been
performed to relieve pain and cure severe
deformities of the hindfoot without such limited
indications4―7. However, such methods as compre-
ssion arthrodesis and transfibular or anteromedial
sliding graft arthrodesis have disadvantages that
include the need for a long period of immobilization
without weight-bearing and a high incidence of non-
union (10％―20%)8. To overcome these problems,
tibiotalocalcaneal arthrodesis with a retrograde
intramedullary nail has been developed1,9―14. Addi-
tionally, an intramedullary nail with fins has been
developed. The most significant characteristic of this
cylindrical nail is that it has 4 fins with sharp tips.
These fins prevents motion of the ankle joint in a
range of directions. The transfixation screws of this
nail may help control rotation, pronation supination,
dorsiflexion, and plantar flexion, but their major role
is to prevent the nail from sliding distally1.

We report herein the results of 30 cases of ankle
arthrodesis for severe deformities of the ankle joint
in patients with RA using an intramedullary nail
with fins over a follow-up period of approximately 10
years.

Patients and Methods

From May 1994 through June 2001, 27 patients (26
women and 1 man) with RA underwent ankle
arthrodesis using an intramedullary nail with fins at
Nippon Medical School Hospital. Two patients
underwent bilateral ankle arthrodesis, and 1 patient
underwent ankle arthrodesis after resection of an
infected TAA, for a total of 30 joints. The average
age at surgical treatment was 59.8 ± 9.4 years
(range, 43―76 years), the average follow-up period

was 10.7 ± 2.4 years (range, 6.5―13.8 years), and the
average operation time was 3.0 ± 0.8 hrs (range, 1.7―
5.1 hours). The severity of radiographic changes of
the talocrural joint according to the Larsen
classification15 was grade 3 was 8 joints, grade 4 in
20 joints, and grade 5 in 2 joints. Changes at the
talocalcaneal joint were grade 1 in 0 joints, grade 2,
in 2 joints, grade 3, in 13 joints, grade 4, in 13 joints,
and grade 5, in 2 joints. Five patients had died and 6
joints were excluded from the study by the end of
the follow up period. Severe hind foot deformity was
indicated by Larsen grade greater than 4, a varus or
valgus deformity greater than 15 degrees.

The indications for surgery in all patients are
shown in Table 1. The indications included severe
varus or valgus deformity of the talocrural or
talocalcaneal joint; instability or mutilans deformity;
severe osteoporosis or osteonecrosis of the talus;
further development of RA; and failed TAA.

Characteristics of the Intramedullary Nail with
Fins and the Surgical Technique

The distal part of the nail has four 6 cm long fins
attached. These fins prevent rotation between the
tibia and talus bones and stabilize the talocrural
joint. These actions results in easier compression
between the tibia and talus bones, earlier weight-
bearing, and easier bone fusion than with other
ankle arthrodesis techniques.

For surgery, a longitudinal anterior approach was
used through the skin, subcutaneous tissues and the
ankle joint, which was entered lateral to the anterior
neurovascular bundle. The distal end of the tibia
was cut perpendicular to its long axis, and this cut
was sometimes extended to part of the malleolus,
with only enough bone removed to create a flat
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surface. The talar dome was cut parallel to the tibia
cut and the planta pedis, again with minimal bone
removed to create a flat surface. The fibula was
sometimes cut at the same level as or at a level
higher than the tibia so that the cut surfaces of the
tibia and talus were at better positions. If the distal
fibula was removed, it was used as a bone graft in
some cases. The optimal position of the foot was a
neutral position of the ankle with a neutral or 2 to 3
degree valgus hindfoot. Staples were sometimes
used to fix the talocrural or talocalcaneal joint and,
thus. to maintain the foot in the correct position.

After correction of the talocrural and talocalcaneal
joints, internal fixation was performed as follows. A
guide wire was retrogradely inserted from the
calcaneus to the tibia via the talus under an image
intensifier. After reaming, a nail of the appropriate
length and width was inserted over the guide wire
and passed across the tibiotalocalcaneal joint to the
tibial medullary canal using an impactor for the nail.
The distal end of the nail was driven 5 mm into the
calcaneus to prevent the nail from sliding distally.
Transfixation screws to hold the proximal area of
the nail and an end cap were inserted by means of a
targeting device.

Postoperative Treatment
Patients were asked to bear weight as toleated,

whether or not they had received bone grafts. In
this study, 18 of 30 joints were able to bear weight 3
weeks after surgery, and 12 joints with grafted bone
were able to bear weight after 6 or 8 weeks. If there
was concern that solid internal fixation could not be
obtained because of poor bone stock, a below-the-
knee cast was applied for 6 to 12 weeks
postoperatively until fusion was confirmed with
radiography, after which weight-bearing was
started. Osseous fusion was considered to be present
when trabeculae crossing the site of arthrodesis
were seen radiographically, resulting in the
disappearance of the gap. Two surgical
rheumatologists independently evaluated the
radiographs.

Clinical Assessment and Statistical Analysis
Clinical assessment was performed using the 100-

point rating system for foot disease of the Japanese
Orthopaedic Association (JOA): pain (0―20 points);
deformity (forefoot, 0―10 points; hindfoot, 0―20
points); range of motion (forefoot, 0―5 points;
hindfoot, 0―5 points); instability (0―10 points); walking
ability (0―10 points); muscle strength (0―5 points);
sensation (0―5 points); and activity of daily living (0―
10 points). With this scoring system, the higher was
the score, the greater was the improvement in
symptoms.

The Wilcoxon signed rank test was used to
compare the total scores and the score of each
variable at before surgery, after surgery (at the time
of discharge after surgery), and at follow-up periods
1 (November 2001) and 2 (November 2007). P values
of less than 0.05 were considered to indicate a
significant difference.

Results

The peri-operative management and assessment
of arthrodesis were as follows: 12 of 30 joints were
treated with bone grafts using chips from a part of
the distal end of the fibula and 8 were treated with
internal fixation using staples and a nail. Five of 8
joints were immobilized with a below-the-knee cast
for 6 to 12 weeks. Weight-bearing was started an
average of 3.5 weeks after the operation, with a
range of 1 to 12 weeks. Arthrodesis of the ankle in
an optimal position, namely a neutral position or a
position 2 to 3 degrees valgus hindfoot to the tibia,
was achieved in all patients, and all patients showed
osseous fusion within 14 weeks postoperatively.

Twenty-eight of 30 joints in which talocrural
arthrodeses were performed also exhibited fusion of
the talocalcaneal joints. However, in 2 cases of
mutilans deformity the talocalcaneal joint did not
exhibit osseous fusion, but no symptoms caused by
the talocalcaneal joints were observed. In 5 of the 30
joints, spontaneous arthrodesis of the adjacent
talonavicular joint was recognized after
tibiotalocalcaneal joint arthrodesis was performed.
The talonavicular joint in the remaining 25 cases
was not markedly changed between before surgery
and after surgery. Before surgery, osteoarthritic
change of the Chopart joint was recognized in 19 of
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Fig. 1 Case 1. Postoperative radiographs of ankle arthrodesis and TAA in a 51-year-old woman 
with RA.
The bilateral talocrural and talocalcaneal joints show fibrous ankylosis, with the right 
ankle joint showing especially destructive changes. The patient was relatively young 
and had a high level of activities of her daily living. This patient was considered a good 
candidate for ankle arthrodesis and TAA. Ankle arthrodesis was performed on the right 
ankle when the patient was aged 51 years, and radiographs obtained 7.5 and 12.7 years 
after surgery are shown. TAA was performed on the left ankle when the patient was 
aged 56 years, namely 5 years after ankle arthrodesis, and radiographs obtained 3 and 
8.2 years after surgery are shown.

these 25 joints, and spontaneous fusion of the
Chopart joint were recognized in 6 joints. In the
figures we show 2 cases of this surgery. The first
case shows TAA and ankle arthrodesis―performed
in the same patients (Fig. 1). The second case shows
radiographs obtain before surgery and 7 years after
surgery (Fig. 2). Both of these cases show
panarthrodesis of the talocrural and talocalcaneal
joints．―Figure 1, 2 show radiographs obtained
before surgery and at follow-up. All of these cases
show panarthrodesis of the talocrural and subtalar
joints.

In the clinical assessment (Fig. 3), total JOA scores
were significantly improved in all patients from
35.4 ± 10.4 points before surgery to 64.3 ± 9.30
points after surgery, and then to 59.3 ± 8.30 points
and 55.2 ± 10.1points during the follow-up period.
Pain scores also significantly improved from 5.67 ±

3.14 points before surgery to 17.8 ± 2.84 points after
surgery, and 17.3 ± 3.43 points and 18.1 ± 3.25 points
in the follow-up period. The mean score of the
hindfoot deformity also increased from 6.23 ± 5.43
points to 17.1 ± 3.03, to 16.7 ± 3.2, and to 14.3 ± 3.73,
respectively. Walking ability increased from 2.70 ±
2.02 points to 5.0 ± 1.72, 4.20 ± 1.82, and 4.31 ± 1.80,
respectively. Walking ability and activities of daily
living significantly improved when scores from
before surgery and after surgery were compared
and when scores from before surgery and follow-up
periods 1 and 2 were compared.

Instability scores improved from 3.93 ± 3.13 points
before surgery to 6.33 ± 3.20 points after surgery
and to 4.60 ± 2.90 points and 6.30 ± 3.15 during the
follow-up period (Fig. 3). However, a forefoot
deformity developed during follow-up period 2.
Muscle strength and sensation remained unchanged
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Fig. 2 Case 2. A 68-year-old woman with RA. Evaluation of preoperative radiographs shows 
severe valgus deformity, and the patient reported severe pain, considered to be an 
which is an indication for ankle arthrodesis. A bone graft and augmentation with staples 
were performed between the tibia and talus bones. Radiographs from before surgery 
and 7 years after surgery are shown.

p
p

Fig. 3 Changes in clinical scores based on the JOA scoring system before surgery, after surgery, and 
during the follow-up periods (November 2001 and November 2007). Total score, pain score, 
hindfoot deformity, walking ability, and activity of daily living score were all significantly 
improved when score from before surgery and score from the follow-up periods were compared. 
However, forefoot deformity developed during the follow-up periods after surgery.

in the majority of patients between before and after
surgery and between before surgery and during
follow-up. All patients were satisfied with the
outcome of the operation. Nine patients had delayed
wound healing that resolved with dressing changes.
No other complications occurred.

Discussion

In patients with RA who have severe pain caused
by a forefoot or hindfoot deformity resulting in
restricted walking ability without knee pain, relief
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from is of primary concern. Ankle arthrodesis, in
particular, that with an intramedullary nail with fins,
has several advantages for patients with RA: a
shortening of the period of immobilization, earlier
weight-bearing, and exact bony fusion of the ankle
joint. The operating time with this nail is shorter
than that with other ankle arthrodesis, because this
nail has no screw of the distal area. In recent years,
the rates of fusion of other ankle arthrodesis
methods have been reported to be 90% to 95%16―19,
with long periods of no weight-bearing and
immobilization required after surgery.

In our procedures, we attempted to achieve firm
internal fixation, earlier weight-bearing, and a
prevention of pronation and supination of the ankle
joint using a nail with 4 distal fins. However, we
carefully considered whether this intramedullary
nail should be used for patient with RA and severe
osteoporosis induced by disuse bone atrophy or
steroid treatment. Because of the poor fixation in
osteoporotic bone and the possibility of necrosis of
the overlying skin caused by a proximal screw head
just beneath the skin, we conclude that transverse
screws should not be used in these cases.

Several authors have reported ankle arthrodesis
using an intramedullary nail11―13. One disadvantage of
retrograde intramedullary nailing for ankle
arthrodesis is the necessity to fuse the subtalar joint
along with the ankle joint. However, compression
arthrodesis of the ankle joint limits subtalar
movement20. Rigid talocrural arthrodesis may induce
development of a varus or valgus deformity of the
subtalar joint in patients with RA. Horibe et al. have
reported that destruction of the adjacent joints,
namely the Chopart, subtalar, and Lisfranc joints, is
accelerated by talocrural arthrodesis21. Adam et al.
have reported that subluxation of the subtalar joint
occurs in about 80% of cases after talocrural
arthrodesis, resulting in a varus or valgus deformity
of the subtalar joint22, and Felix et al. have reported
that while 2 of 14 patients had normal subtalar
joints, 8 patients showed spontaneous fusions
following talocrural arthrodesis23. On the basis of
these results, it may be reasonable to fix the
talocrural and subtalar joints at the same time. Most
of the subtalar joints in our patients with RA had

Larsen grades 3 higher than 3, and destruction and
deformity of the subtalar joints were considered to
be progressing; therefore, rigid fixation of only the
talocrural joint may accelerate deformation of the
subtalar joint. Shibata has reported that Chopart
joints that underwent solid fusion exhibited no
marked changes at an average follow-up period of
more than 9 years1.

Comparing the results of a mean follow-up period
of 10.7 years to those of a mean follow-up of 5.1
years, the pain scores, hindfoot deformity, walking
ability, and activities of daily living scores were
significantly improved and this improvement was
maintained for more than 10 years after surgery.
Muscle strength and sensory disturbances had not
markedly changed between these time points,
whereas forefoot deformities progressed over the
long-term.

One of the most severe complications that can
occur is non-union or delayed union. Superficial
infection, neuropathy, and delayed wound healing
have been reported after ankle arthrodesis for RA.
Moran et al. followed up 30 patients with RA after
ankle arthrodesis for 5 years and found 6 cases of
non-union, 6 of fibrous union, 12 of wound
breakdown and infection24. Cracchiolo et al. have
reported that in 32 cases of arthrodesis of the ankle
joint in 26 patients with RA, the rate of non-union
was 22%, that of deep and superficial infection was
29%, that of malalignment was 16%, and that of
neurapraxia was 9%25. Felix et al. have reported
delayed wound healing in 2 of 26 ankle joints,
superficial ulceration in 1 joint, and sural neuritis in
1 joint23. In our series, delayed wound healing was
recognized in 9 of 30 joints. However, infection,
neuropathy, or other complications did not occur.
Ankle arthrodesis also does not provide ideal results
with regard to the anatomy and function of the
ankle joint. Despite these limitations, this method is
effective for relieving pain in patients with severe
hindfoot deformities.

We conclude that tibiotalocalcaneal arthrodesis
using an intramedullary nail with fins is a good
treatment for severe hindfoot deformities in patients
with RA, because non-union was not observed and
the clinical results over an average 10-year follow-up
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period were good or satisfactory, other than the
continuing development of forefoot deformities.
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