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Abstract

Functional outcome of first metatarsophalangeal joint (MTPJ) arthrodesis using intramedullary implant was reviewed in
retrospective series of 12 patients who had MTPJ arthritis. The outcome measures were improvements seen in VAS for pain
and AOFAS scores recorded pre-operatively and post-operatively at the time of achieving complete union. VAS for pain
improved from mean of 7.5 pre-operative to 1.8 post-operative (p <0.001). AOFAS Score improved from mean of 35.58
pre-operative to 80.91 post-operative (p <0.001). The fusion rate was 100 percent and mean time needed for fusion was
9.6 weeks. Only one patient had malunion which was acceptable to patient and was not revised. The fusion using intramed-
ullary intra-osseous Hallux Fusion implant is a promising technique with good functional outcome and low complications.
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Introduction

The first Metatarsophalangeal joint (MTPJ) is an ellipsoid
joint capable of motion in three planes. During the toe push-
off phase of normal gait cycle, about 80% of body weight is
transmitted through the first MTP joint [1]. Consequently,
the primary osteoarthritis of first MTPJ or Hallux Rigidus
is a common problem of Foot. First MTPJ is also commonly
affected in several conditions of the great toe including
Hallux Valgus deformity, Rheumatoid Arthritis, Gout and
neuro-muscular diseases. Arthrodesis of the first MTPJ is a
commonly performed procedure in end-stage arthritis of any
etiology, ranging from post-traumatic arthritis, to those with
infection or failed procedures for HV correction around the
MTPJ, as a salvage option [2—6].
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Hallux MTPJ Arthrodesis was first described by Clutton
in 1,894 for the treatment of Hallux Valgus [7]. The primary
aim from patient’s perspective is reduction of pain and resto-
ration of ambulation without pain. For the surgeon, the ideal
fixation procedure should be simple, reproducible, have high
rate of fusion and minimal complications. Though, numer-
ous techniques of hallux MTPJ fusion have been described
in literature, the common factors which result in favorable
outcome following arthrodesis are—adequate preparation
of joint surfaces of MTPJ, rigid fixation, compression to
promote primary bone healing and position of arthrodesis
across the MTP joint. Proper alignment of fusion is phalanx
held at an angle of 15 to 20 degrees of dorsiflexion to 10
to 15 degrees of hallux valgus angle with neutral rotation
[8—10]. Arthrodesis has been performed using a variety of
implants in this procedure, a commonly used implant being
the Dorsal plate together with or without a lag screw [11]
However, Dorsal plates are often associated with complica-
tions such as hardware impingement on extensor tendons
and soft tissue, wound healing and dehiscence of overly-
ing skin. An intra-osseous intramedullary device is another
implant being used for MTPJ fusion with relatively reduced
implant-related complications [12, 13].

The aim of our study was to review the functional out-
come of arthrodesis of the Hallux MTPJ using an intramed-
ullary device (Hallux Intrafix, Extremity Medical, USA)
(Fig. 1). Studies with outcomes using this implant and
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Fig. 1 Placement of Hallux intramedullary fusion device implant rep-
resentation on a model

technique for MTPJ arthrodesis in Indian Population are
lacking, and we hope that our study will be helpful in guid-
ing the treatment of MTPJ Fusion by this technique. The
primary outcome was to study the Visual Analogue Score
(VAS) for pain and AOFAS Score before surgery and how
they changed after achieving fusion by this surgery. Second-
ary outcomes such as time needed for bone union, final HV
Angle and complications, if any, related to wound healing,
implant or infection were also studied.

Materials and Methods

In this retrospective case series, we reviewed 12 patients,
each with unilateral and single foot involvement who under-
went hallux MTPJ fusion between January 2,016 and Octo-
ber 2,019 performed with Hallux intramedullary Fusion
Device (Extremity Medical, USA). These patients were
recruited at Foot and Ankle Clinic at Max Healthcare and
surgeries were performed by senior author.

The indications for fusion included hallux rigidus, inflam-
matory conditions such as rheumatoid arthritis, gout, etc.
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Patient’s information, medical records and radiographs
were collected in a proforma and organized as

1. Demographic data
. Diagnosis

3. Visual Analogue Score (VAS) for pain on a scale of O to
10 where O represents no pain and 10 as worst disabling
pain

4. American Orthopedic Foot and Ankle Society (AOFAS)
Hallux score—The criteria of motion at hallux MTP
joint was dropped (10 marks) leaving 90 as best pos-
sible score

5. Radiographic and clinical union

6. Hallux valgus angle (HVA) on weight-bearing standing
radiographs, and

7. Complications.

Patients’ records of VAS and AOFAS scores were noted
pre-operatively and during radiological and clinical union
follow-up visits (often between 7 and 14 weeks from sur-
gery). These data were entered in Microsoft Excel and ana-
lyzed by SPSS software version in form of Student’s ¢ test. It
was done to calculate the statistical significance between the
mean pre-operative and final post-operative value of Visual
Analogue Score (VAS) and AOFAS.

Surgical Technique

Surgery was performed under regional anesthesia in supine
position. The Hallux Intrafix intramedullary Fusion Device
is an implant for MTP arthrodesis, which was chosen for all
surgeries reported in our case series. This device is com-
pletely intra-osseous and has two basic components—a lag
screw and an anchored post with an eyelet for passage of lag
screw. The advantage of this design is that it allows the com-
pression force to be distributed uniformly across the broader
opposing surfaces of the MTPJ fusion site. It also keeps the
fixation stable and firm allowing bridging trabecular bone
formation. Using an intramedullary device allows a smaller
incision and exposure without much periosteal stripping
(unlike plates and screws) and negligible implant-related
skin and soft tissue irritation [12—14].

An incision, 5 to 6 cm long, just medial to the exten-
sor hallucis longus tendon was made over the MTPJ. The
potential complication during exposure is the injury of
dorsal cutaneous nerve of great toe. This is prevented
by gentle blunt dissection and staying medial or lateral
to cutaneous nerve. The incision was deepened to reach
the capsule. The capsule was divided in the same line to
expose the base of the proximal phalanx and the metatarsal
head. The collateral ligaments were released from base of
proximal phalanx and great toe was plantarflexed to expose
articular surfaces. The articular surfaces were sequentially
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prepared for fusion using cup and cone reamers (Fig. 2).
Excess removal of bone during preparation of surfaces can
be prevented using cup and cone reamers cautiously and in
spurts rather than continuously. A guide wire was passed
from the central portion of the head of metatarsal into the
center of diaphysis. A cannulated drill was passed over
guide wire in preparation for passing the Post of our Hal-
lux intramedullary device. A post of appropriate diameter
and length filling the distal half of the first metatarsal was
placed over the guide wire and inserted in the medullary
canal of metatarsal (Fig. 3). Stress fracture of Metatarsal
can happen while inserting an oversized intramedullary
post. This can be avoided by fluoroscopic check during
insertion of intramedullary device. The post was buried
about 2 mm deeper to the prepared surface of metatarsal
head with the eyelet directed medially (Fig. 4). The guide
wire was removed. An alignment guide was inserted into
distal end of the post, directed toward the eyelet of the
metatarsal Post. A double-ended guide wire was passed
in a retro-grade manner through the alignment guide to
emerge from the medial cortex of first metatarsal proximal
to its head. Alignment guide was removed. The double-
ended guide wire was pulled till the other end came to
lie just at level of the surface of the metatarsal head. The
phalanx was then aligned with the metatarsal head and
held in the final position of arthrodesis. The wire was then
advanced in an ante-grade manner into the proximal pha-
lanx securing the desired position of arthrodesis. Align-
ment of proximal phalanx was confirmed fluoroscopically
at 10 to 15 degree valgus, at about 20 degree dorsiflexion
and at neutral rotation relative to first metatarsal. The error
in position of arthrodesis leads to malunion and therefore
needs to be checked after provisional fixation with k wires
using weight-bearing simulation and fluoroscopy. Another
k-wire was passed to secure the position of arthrodesis
without interfering with the trajectory of the first guide
wire (Fig. 5). A cannulated 4.0 mm lag screw was passed
over the guide wire in proximal phalanx and seated in the
eyelet of the metatarsal Post (Fig. 6). As the lag screw was

Fig.2 Cup reamer for metatarsal head

Fig.3 Metatarsal post insertion over the guide wire

tightened, the turns were given gently to observe com-
pression across apposed surfaces of metatarsal and proxi-
mal phalanx till the end point was felt. The final position
was also confirmed fluoroscopically (Fig. 7). The capsule
layer was closed with 2-0 Vicryl and Skin closed with 3-0
Nylon. A well-padded dressing was used, rolled just above
the ankle joint.

Post-operative Course: The limb was kept elevated for
24 h. Weight bearing was allowed as per patient’s pain
tolerance within 1 or 2 days of surgery using front-foot
off-loading shoes. After 6 to 12 weeks, unrestricted activ-
ity was allowed whenever bone union was evident on
radiographs.

Patients were followed up adequately till complete bone
union was evident on X-rays in the form of continuous
trabeculae across the MTPJ (Fig. 8).

P09 U0 TOH2

Fig. 4 Metatarsal post insertion completed
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Fig.5 Guide wire passed to Phalanx ante-grade manner in position of
arthrodesis

Fig.6 Lag screw insertion

Results
Demographics
The age range of patients recruited in this study was from

36 to 83 years, with mean age of 63 years. There were
10 female and 2 male patients. Clinico-radiologically
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Fig. 7 Intra-operative C-arm radiographic image with ideal position
of MTP fusion

established hallux MTP arthritis was present in all
patients. 10 patients had primary osteoarthritis, 1 patient
had rheumatoid arthritis and 1 patient had gouty arthritis.

Primary outcomes

All patients were examined at an interval of 2, 4, 6 and
8 weeks from the date of the surgery. Subsequently, the
final follow-up visit was when they were nearly painless
during ambulation (variable time between 8 and 16 weeks).
The standard VAS for pain and AOFAS hallux score were
recorded for every patient pre-operatively. These were
recorded post-operatively during follow-up visits between
the 6th and 16th week. The mean period of follow-up was
12 weeks. Paired 7 test was applied to know statistical sig-
nificance of change in VAS and AOFAS scores.

The VAS score was noted to improve from a mean value
of 7.5 points (5 to 10) pre-operatively to 1.8 (0 to 4) at the
final follow-up (p <0.001) (Table 1). The mean AOFAS
Hallux score improved significantly from 35.58 (24 to 50)
to 80.91 (78 to 96) with p <0.001. AOFAS scores in all
patients achieved a statistically significant improvement with
p<0.001 (Table 2).
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Fig. 8 Post-operative radiograph after 11 weeks showing bone fusion
across MTPJ

Table 1 Statistically mean value and standard deviation of pre-opera-
tive and post-operative AOFAS and VAS Scores

Paired samples statistics

Score Mean N Standard deviation
AOFAS score pre-operative 35.5833 12 10.25545
AOFAS score post-operative ~ 80.9167 12 9.22899
VAS score pre-operative 7.50000 12 1.16775
VAS score post-operative 1.83333 12 0.83485

Secondary outcomes

1. Time needed for MTPJ fusion—This was based on three
major clinical-radiological outcomes. These were—(a)
No pain on activities of daily living, (b) absence of local
tenderness, and (c) Radiographical evidence of fusion—
bone trabeculae seen across MTPJ.

In our study, the minimum time to achieve all three
was 7 weeks and maximum time was 13 weeks. The
mean time for achieving fusion was 9.6 weeks.

2. Final Hallux valgus angle (HVA)—The average pre-
operative HV angle was 27.3 degrees, whereas post-
operative HV angle was 11.8 degrees, on weight-bearing
standing radiographs.

3. Complications

(a) Wound healing was uneventful in all patients.

(b) No patient had implant-related pain.

(c) There was one case of malunion resulting from
high dorsiflexion angle leading to cock-up deform-
ity of great toe. There was no case of nonunion or
avascular necrosis.

(d) No patient in this series had infection.

Discussion

In our case series VAS for pain had reduced from a mean
of 7.5 pre-operatively to mean of 1.8 post-operatively. Aas
et al. [15] reported in their series of 35 patients, a post-
operative mean VAS for pain without and with shoe was 1.8
and 3.2 (18 and 32 out of 100), respectively. In our study,
the mean AOFAS Hallux score improved significantly from
35.58 (24 to 50) to 80.96 (78 to 96) with p <0.001, whereas
the study by Aas et al. obtained a mean AOFAS score of 74
which is lower than our study. This difference could prob-
ably be due to a larger sample size and more complications
requiring revision arthrodesis in 4 cases in their series.
Ellington et al. [16] in his retrospective series recorded only
post-operative data at 6 months and reported mean VAS for
pain and AOFAS as 6.8 and 79.7, respectively.

A variety of techniques using different implants
for arthrodesis of First MTPJ have been described in

Table 2 Statistically significant

; Paired samples test
p value of pre-operative and

post-operative AOFAS and VAS Score Paired differences t p value
Score
Mean Standard 95% Confidence interval
deviation of the difference
Lower Upper
AOFAS score (pre-post) —45.33 13.87 —54.15 —36.52 -11.32 <0.001
VAS score (pre-post) 5.67 0.78 5.17 6.16 25.21 <0.001
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literature [17—-19]. Use of other implants in the past have
resulted in successful fusion of the MTPJ but have also
required removal of implants whenever symptomatic.
This is shown in Wassink and Vanden study wherein they
reviewed 109 MTPJ fusions using single screw with 96%
fusion rate along with removal of implant needed in 78%
patients [20]. A similar recent study has reported that
approximately 20% of fusions using a dorsal plate and
plantar lag screw required implant removal for irritation
of the overlying tendons by implant and pain [21]. An
acceptable position of fusion is the key to achieve good
outcome. A dorsiflexion angle of 15 to 20 degrees and 15
to 20 degrees of hallux valgus angle with neutral rotation
at the MTP joint are the most recommended [22, 23].
Achieving the ideal position of arthrodesis and to assess
it clinically is easy with the use of intramedullary implant
compared to the conventional screws and plate. The com-
mon complications described in literature are nonunion,
malunion and hardware impingement [16, 20-22].

In our case series with the intra-osseous Hallux Intrafix
intramedullary Fusion Device, the average post-operative
HYV angle was 11.8 degrees, on weight-bearing standing
Radiographs, improving from the average pre-operative
HV angle of 27.3 degrees. Complications recorded in
our case series were minimal, with one case of malun-
ion resulting from high dorsiflexion angle of 35 degrees
leading to Cock-up deformity of great toe. There was no
case of nonunion or avascular necrosis. Wound healing
was uneventful in all patients and no patient had implant-
related pain or infection.

The 100% fusion rate in our series is better than most
of the series reported in the literature [9, 18, 22]. Fusion
at the arthrodesis site can be assessed using two different
methods:

(a) Clinical assessment
(b) Imaging studies

The plain radiograph is the most convenient, accessi-
ble, and reliable indicator of arthrodesis when used along
with clinical assessment by evaluating the tenderness and
motion of MTP joint, local swelling and ability to carry
out daily activities. CT scan can also be used to detect
fusion in patients where it cannot be decided. However,
CT was not needed in our study. In the post-operative
period, the stability of the MTP joint with this implant
permitted mobilizing the patients with weight bearing as
per pain tolerance, as early as the second post-operative
day. However, we support the viewpoint of other authors
that this device has got slightly longer learning curve. It
also does not allow adjustments after insertion and final
fixation of implant easily, which is allowed by plate and
screws [12].
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Conclusion

Results of arthrodesis of the MTP joint with Hallux
Intramedullary Fusion Device are described in this report.
The advantage of this design is that it allows the compres-
sion force to be distributed uniformly across the broader
opposing surfaces of the MTPJ fusion site. It also which
keeps the fixation stable and firm allowing bridging tra-
becular bone formation [13, 14]. Using an intramedullary
device allows a smaller incision and exposure without
much periosteal stripping (unlike plates and screws) and
negligible implant-related skin and soft tissue irritation
[12].

In our study, the intramedullary and intra-osseous Hallux
Intrafix devices achieved good functional outcome in terms
of AOFAS score, VAS for pain, Fusion rate, final HVA, and
time taken for MTPJ fusion.

The potential complications of this procedure are related
to injury of dorsal cutaneous nerve of great toe during expo-
sure and possible stress fracture of Metatarsal while insert-
ing inappropriate size intramedullary post. The error in posi-
tion of arthrodesis leads to malunion and therefore needs
to be checked after provisional fixation with k wires using
weight-bearing simulation and fluoroscopy.

Complications recorded in our case series were minimal,
with one case of malunion resulting from high dorsiflexion
angle of 35 degrees leading to Cock-up deformity of great
toe. There was no case of nonunion or avascular necrosis.
Wound healing was uneventful in all patients and no patient
had implant-related pain or infection.

Nonetheless, further prospective, and comparative studies
with larger sample size and longer follow-up are needed to
confirm the findings.
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