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ABSTRACT

Objective: First metatarsophalangeal joint (MTPJ) arthrodesis is a gold standard procedure for advanced arthritis
of the first MTPJ. The purpose of this study is to determine clinical, radiological, functional outcomes and
complications of first MTPJ arthrodesis using flat on flat cut and fixing with two Shape-Memory Nitinol staples.
Study Design: Retrospective study

Place and Duration of Study: This study was conducted at the Department of Trauma and Orthopaedics Surgery,
Solihull hospital, part of the University Hospitals Birmingham, UK from 2014 to 2018.

Materials and Methods: Patients who underwent first MTPJ arthrodesis for primary osteoarthritis by the single
surgeon (main author) from 2014 to 2018 were selected for the study. Preoperative and post-operative clinical and
radiological findings, AOFAS Foot and Hallux scores, patient satisfaction rating and any complications were noted.
Results: Thirty fivepatients, 37 feet, 2 patients had bilateral foot surgery at two different occasions, were found after
the selection and exclusion criteria. 22 (63%) females and 13 (37%) males. Mean age was 63 years (range 35-8).
The mean follow up of was 11 weeks (range 8-32 weeks). Union occurred in 33 cases including 3 cases of delayed
union. 4 cases developed non-union, of these, 1 case was infective non-union. Average improvement in AOFAS
score was 45(23-70). 42 (70%) of patient rated their outcome as Excellent, 14(20%) as good, 2(5 %) as fair and 2
(5%) rated as poor.

Conclusion: First MTPJ arthrodesis using Shape-Memory Nitinol staples resulted in 89% union rate. Patients had
average of improvement 44 points on AOFAS score and 90% rated good to excellent satisfaction. These results are
comparable with national average results.
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INTRODUCTION The reported union rates with different techniques vary
from 88% to 100%™, The purpose of this study is to
Arthrodesis of the first metatarsophalangeal joint determine the clinical, radiological, functional
(MTPJ) has been reported as gold standard for the  outcomes and complications of first metatarso-
treatment of advanced hallux rigidus. phalangeal joint fusion using flat cut technique and
The aims of first MTPJ arthrodesis are to improve pain,  fixing with Shape-Memory Nitinol staples.
function, and achieve optimum toe alignment. There are
many surgical techniques described in the literature o MATERIALS AND METHODS
achieve bony union at the fused joint, but no single
technique is considered to be exclusive?™*. The surgical
technique used for the joint fusion depends upon
surgeon's preference and the availability of the
hardware.

This retrospective study was conducted at the
Department Trauma and Orthopaedics, Solihull
hospital, part of the University Hospitals Birmingham,
UK. Clinical data was retrieved for the cases which had
first MTPJ arthrodesis for primary osteoarthritis of the

Department of Trauma and Orthopaedic Surgery, University ~ first MTPJ operated by the main author during the

Hospitals Birmingham, UK period 2014 to 2018 and have at least 8 weeks of follow
up before discharge or change in management due to
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other painful condition of the involved foot was
excluded from the study. Based on the above criteria 35
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radiological studies and Outcome results were
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Scale, has been used by the operating surgeon at the
time of pre-operative assessment on the day of surgery
and then at the time of final clinic consultation before
discharge or when there was change in patient
management due any complication noted. The standard
AOFAS score has 100 points which include MTPJ
range of movement domain carrying 10 points.
However, for the purpose of this study as the MTPJ
range of movement domain was not applicable in the
final outcome assessment, this domain was omitted in
both pre-operative and final outcome assessments,
giving maximum score of 90 points. The patients were
asked to rate their overall satisfaction as poor, fair,
good or excellent.

Pre-operative X-rays were studied to note the grading
of the osteoarthritis of the first MTPJ and hallux
alignment. The MTPJ arthritis was graded according to
Coughlin and Shurnas system.® (Table 1, Fig 1).
Radiographic union was defined as osseous bridging of
3 out of 4 cortices on AP and lateral radiographs. The
union was considered a delayed union if it occurred
between 3 to 6 months. If there was no union according
to the above definition by the end of 6 months, the case
was diagnosed as non-union and different management
strategy was used. Post-operative x-rays were studied to
assess the union of arthrodesis and hallux alignment.

(Fig 2).
Operative Technique: All patients underwent a
standard operative technique and postoperative

regimen. The patient was positioned supine on the
operating table with a sandbag under the buttock on the
operative side. Prophylaxis antibiotics were given at the
time of induction. A padded thigh tourniquet was
applied with pressure at 300 mmhg. A standard dorsal
longitudinal incision centred over the MTPJ about 4cm
was made, just medial to the Extensor Hallucis Longus
tendon (EHL). A deeper dissection was done down to
the joint capsule protecting the EHL tendon on the
lateral side of the wound. A longitudinal capsulotomy
incision was made in the line of skin incision, to open
the joint. The capsule edges are preserved for later
closure after fixing the joint.The articular surfaces of
the joint were examined regarding extent and severity
of the arthritis. All osteophytes and any inflamed
synovial tissue were removed. Flat biplanar cuts
weremade with saw on the metatarsal head and phalanx
base taking into account the extent and direction of the
deformity so that after the cut surfaces were opposed
the hallux would have a valgus of about 5-10 degrees
and extension from the floor of about 5-10 degree. The
fresh cut bony surfaces were prepared with pepper
potholes with a 2mm k wire or a drill bit to encourage
bone fusion. The position was held with a K-wire
passed obliquely across the opposed joint surfaces from
proximal medial metatarsal shaft to distal lateral into
proximal phalanx. The joint was held using two Shape-
Memory Nitinol staples fixing at right angle to each

other, one vertical in dorsal midline across the joint and
the other mid horizontal along the medial side. Wound
was closed in layers with absorbable sutures. Patients
were discharged home mobilising in flat stiff sole post
op surgical shoe. All the patients had their first post-
operative review by the GP or Nurse for wound check
and removal of any sutures, ten days after discharge.
The patients were followed in the hospital clinic at six
weekly intervals until union was confirmed and patient
mobilizing full weight bearing in their standard
footwear. In case of non-union, patient was further
investigated with a CT scan to assess the status of union
or non-union. At the final consultation patients were re
assessed according to the AOFAS score and
Satisfaction rating.

RESULTS

Thirty five patients involving 37 feet, 2 patients had
bilateral foot surgery, were found after the selection and
exclusion criteria. There were 23 (62%) female feet
and 14 (38%) male feet. The mean age for both male
and female patients was 63 years (range 35-85). Among
the male patients 4 had surgery on the left,8 had surgery
on the right foot and 1 patient had surgery on both feet.
Among the female patients 13 left and 8 right foot was
operated, and 1 patient had surgery on both feet. The
patients who had bilateral surgery, each foot was
operated at different occasion with time difference of
14 months to 2 years between surgery on the two sides.
13 cases were graded as 3 on Coughlin Shurna’s
grading system and 24 case of grade 4.

All the patients had their first post-operative review by
the GP or Nurse for wound check and removal of any
sutures, 10 -14 days after discharge from the hospital.
The patients were then reviewed in the hospital
orthopaedic clinic at six weeks having clinical
assessment and x-rays. The patients were then followed
up at six weekly intervals until both clinical and
radiological union was confirmed and patients were
able to mobilise full weight bearing in their own
standard footwear.

The average follow up period was 11 weeks (8-32).
Average time to union of arthrodesis for males was 11
weeks (8-20) and in females was 11lweeks (12-28).
There were two cases of delayed union in females
which took 16 and 28 weeks to unite and one case of
delayed in a male patient which took 20 months to
unite.

Union occurred in 33 feet including 3 cases of delayed
union. There were 4 cases of non-union (10%) one male
and threefemales. One male non-union was due to
infection.One female patient with non-union had a
broken vertical staple at 10 weeks. 3non-union cases
were revised with plate fixation and bone graft. One
female case with non-union was asymptomatic and the
patient decided not to have any revision surgery.
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There were two cases of low grade superficial wound
infection noticed at the first check at 2 weeks by the
GP. These were treated with a course of oral antibiotics
for 5 days resulting in complete resolution of infection
and wound healing. Both these cases had complete
union.

The average AOFAS score at before surgery was 42
(range 15-67). The AOFAS average score at final
assessment after the surgery was 87 (range 77-90). The
improvement in AOFAS score averaged at 45 (range
20-70). On satisfaction rating 22 (60%) of patient rated
their outcome as Excellent, 11(30%) as good and 2(5
%) as fair and 2 (5%) rated as poor. There was on mild
difference between male and female patient satisfaction
rating. Table 2.

Table No.1: Coughlin and Shurnas Classification

Grade Clinical Findings Radiological
Findings
Grade 0 | Stiffness Normal
Grade 1 | mild pain at mild dorsal
extremes of motion | osteophyte, normal
joint space
Grade 2 | moderate pain with | moderate dorsal
range of motion osteophyte, <50%
increasingly more joint space
constant narrowing
Grade 3 | significant
stiffness, pain at
extreme ROM, no
pain at mid-range
Grade 4 | significant
stiffness, pain at
extreme ROM, pain
at mid-range of
motion

Radiographic System

Grade 0 Grade 1 Grade 3 Grade 4

) il
Figure No.1: Radographic system.

Table No.2 Patient Satisfaction Rating

Male Female Combined
Excellent 50% 67% 60% (n=42)
(n=14) (n=28)
Good 43% 19% (n=8) | 29% (n=20)
(n=12)
Fair 7% (n=2) | 7% (n=3) | 7% (n=5)
Poor 0% (n=0) | 7% (n=3) | 4% (n=3)

AP View Oblique View

Figure No.2: Postoperative Foot X-rays
DISCUSSION

Hallux rigidus is a progressive condition that leads to
osseous and soft tissue changes causing stiffness,
inflammation, and pain.”® Patients complain of pain
with weight bearing particularly during the push-off
phase of the gait. Examination confirms dorsal
tenderness and restricted dorsiflexion of the first MTPJ.
In extreme cases where the joint has become
completely stiff, the patient may complain very little or
no pain at all.

The management of symptomatic hallux rigidus begins
with  nonsurgical treatments. Nonsteroidal anti-
inflammatory drugs (NSAIDSs), intra-articular steroid
injections, orthotics, and shoe modifications designed to
limit MTP joint motion can all be used.*®

First metatarsophalangeal joint fusion is a gold standard
procedure for the treatment of advanced arthritis of the
first MTPJ which has not responded to non-operative
measures. There are many techniques described in the
literature to prepare the joint surfaces and various
methods of fixation to achieve fusion. These include
planar flat cuts, cup cone reaming and arthroscopic
removal of articular cartilage. The prepared joint
surfaces are then fixed with different techniques,
including staples, K wires, Cross screws, Plate fixation
with or without lag screw.*”*

Flat on flat planar cuts for preparing joint surface for
the purpose of arthrodesis can be done through a
relatively smaller exposure as compared to cup and
cone reaming technique. The flat cut technique requires
complete understanding of the MTPJ shape and toe
alignment. The cuts are usually biplanar and are made
to correct the deformity in both the sagittal and coronal
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axis keeping the neutral rotation of the hallux. It is
important to align the toe in 5-10 degree dorsiflexion
from the floor to ensure adequate flexion of the
interphalangeal joint for comfortable walking. The final
valgus angle of the hallux is kept at 5 to 15 degrees.?
Any varus alignment of the toe must be avoided as this
would cause difficulty in wearing dress shoes and
transfer pain in the forefoot.

The main advantage of the staples used in this study is
their low profile hence less irritant to soft tissues which
is a concern around the big toe. The Shape-Memory
Nitinol staples provides continuous compression across
the fused joint surfaces.

In this series, an overall radiological union rate of
89.2%. The radiological non-union rate of 10.8% is
within the range reported in the literature ranging from
8% to 14%.'3%*%

The patients are encouraged for early weight bearing in
the immediate postop period using stiff soled post op
surgical shoes. Many patients can mobilise in these
shoes without any walking aid; however, some may
need one or two crutches in the initial post-operative
period. The clinical and radiological union rate in this
series is comparable as reported in a retrospective
review of immediate weight bearing after first MTPJ
fusion.?’

The Staple fixation is a recommended technique.
is technically less challenging as compared to other
fixation methods of first MTPJ. Other advantages
include smaller exposure, low profile, less soft tissue
irritation.

There was one incidence of metal failure leading to
non-union and subsequently requiring revision
arthrodesis. A detailed review of the case suggested that
perhaps the patient started unprotected full weight
bearing before the clinical or radiological evidence
union, resulting in metal fracture. This patient was
treated with revision arthrodesis using plate fixation
and bone graft.

There was one case of asymptomatic non-union in this
study. The patient had complete non-union, confirmed
on the CT scan at six months. The patient was
managing well in comfortable footwear. This patient
decided against any revision surgery.

One patient had an infection that did not respond to
antibiotics. This case had debridement, removal of the
staples and revision arthrodesis with plate fixation and
bone graft.

Two patients with non-union were heavy smokers. It is
well established in the literature that smokers have
twice the risk of developing a non-union
afterarthrodesis or treatment of non-union. (25)
Smokers also have longer union time following a
fracture or arthrodesis. Smokers should be encouraged
to quit or abstain from smoking to avoid non-union or
delayed union.

31,32
St

The reoperation rate (3 cases) in this studywas 8.1%
which is comparable to 4% to 18.7% reported in the
literature, ' 24 %

Limitations of this study include retrospective review,
small cohort and a single surgeon series with patients
being followed up in his clinic and as such intra-
observer errors or bias cannot be ignored.

CONCLUSION

Hallux rigidus is a common condition seen by
orthopaedic foot and ankle surgeons. Arthrodesis of the
first MTP joint remains the gold standard option for
advanced arthritis. This study concludes that first
metatarsophalangeal joint arthrodesis using flat on flat
cut technique and using two staples for fixation is a
simple technique with good outcome results and is
recommended for the treatment of advanced
osteoarthritis of the joint.
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