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Abstract

BACKGROUND

Arthrodesis is the surgical fusion of a diseased joint for the purposes of obtaining
pain relief and stability. There have been numerous fixation devices described in
literature for foot and ankle arthrodesis, each with their own benefits and
drawbacks.

AIM
To review the use of intraosseous devices in foot and ankle surgery.

METHODS

There were 9 papers included in the review (6 clinical and 3 experimental studies)
all evaluating arthrodesis in the foot and ankle using the IOFIX device (Extremity
Medical™, Parsippany, NJ, United States). Outcome scores, union rates, as well as
complications were analysed.

RESULTS

IOFIX appears to be safe and effective in achieving arthrodesis of the 1+ metatar-
sophalangeal, and talonavicular joints with early rehabilitation. In comparison to
plate/screw constructs there were fewer soft tissue complications and issues of
metalwork prominence. Cadaveric and biomechanical studies on the use of
intramedullary fixation for fusion of the tarsometatarsal and ankle joint showed
decreased load to failure, cycles to failure and stiffness in comparison to
traditional fusion methods using plates and screws, however IOFIX devices
produced higher compressive forces at the joint.

CONCLUSION
We describe the reasons for which this biomechanical behavior of the intraosseous
fixation may be favorable, until prospective and comparative studies with larger
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sample size and longer follow-up confirm the effectiveness and limitations of the
method.

Key Words: Intra-osseous fixation; Foot; Ankle; Arthrodesis; Biomechanical; IOFIX
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Core Tip: Numerous fixation devices have been described in literature for foot and
ankle arthrodesis. This review article looked into the use of an intraosseous device
IOFIX. Outcome scores, union rates, as well as complications described in 9 related
publications were analysed. IOFIX appears to be safe and effective in achieving
arthrodesis of the 1% metatarsophalangeal and talonavicular joints with early rehabil-
itation. However, cadaveric and biomechanical studies on the use in tarsometatarsal
and ankle joint showed some concerns for which further clinical trials are required.
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Intraosseous device for arthrodesis in foot and ankle surgery: Review of the literature and
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INTRODUCTION

Arthrodesis is the surgical fusion of a diseased joint for the purposes of obtaining pain
relief and stability. The fundamental principles of arthrodesis include (1) Adequate
exposure and preparation of joint surfaces; (2) Coaptation of the surfaces; and (3) Rigid
fixation of the surfaces until union|[1,2].

Compression, rigidity and co-aptation are interrelated. With perfect co-aptation and
compression, significant rigidity can be achieved. Compression neutralises the shear
and bending forces. This in turn prevents separation of the surfaces. When
compression is applied across an arthrodesis, the pressure is initially concentrated on
the uneven areas of the cut surfaces. The resulting osteoclastic resorption brings the
surfaces into closer co-aptation. Under the influence of moderate dynamic com-
pression, osteoblastic stimulation occurs resulting in union across the arthrodesis[1].
However, excessive compression leads to bone resorption[2]. The ideal arthrodesis
should therefore have moderate compression and near perfect coaptation. Decreased
stiffness of fixation and micro-motion improve union provided the magnitude of strain
and force of application are not excessive[3,4].

In foot and ankle surgery, common joints where arthrodesis is performed include
ankle, subtalar (ST), talonavicular (TN), calcaneocuboid (CC), tarsometatarsal (TMT)
and the 1* metatarsophalangeal (MTP) joint. There have been numerous fixation
devices such as compression screws, staples, locking and nonlocking plates, as well as
combined fixation of screws, staples, and/or plates described in literature each with
their own benefits and drawbacks.

The IOFIX (an Intra-Osseous FIXation device, Extremity medical, New Jersey,
United States) is a fixed angle device consisting of a “Post” and a lag screw. The “Post”
is inserted parallel to the joint surface. The “post” has an eyelet in its head through
which a lag screw can be passed across the arthrodesis site at a 60" angle (Figures 1 and
2A). The lag screw gets engaged in the morse taper of the eyelet resulting in a more
uniform compression across the fusion site. Since the entire construct is embedded in
the bone there is less risk of soft tissue irritation and prominence of metalwork.
Furthermore, in comparison with a plate and screw construct there is less soft tissue
damage and periosteal damage needed to prepare the articular surfaces and apply the
implant.

There have been a number of publications in literature regarding the use of the
Intraosseous devices in different joint arthrodesis[5-12]. The aim of this article is to
review these publications, assess the overall efficacy of the device across the various
joints that are commonly arthrodesed in foot and ankle surgery and correlate the
results with its biomechanical properties.
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Figure 1 IOFIX device with post (6.5/6.9 mm diameters) and lag screw (4.3/5 mm diameters).

Figure 2 X ray. A: Final position of IOFIX implant; B: Post-operative x ray of a 1% metatarsophalangeal joint fusion using an Intramedullary device at 12 wk.

JBaishideng®

MATERIALS AND METHODS

A literature search was done in several databases; PubMed Central, Cochrane Central
and MEDLINE. The search was restricted to articles in English language. Only fully
published studies with details of the use of intra osseous devices were included. Key
words used in search were “Intra osseous fixation”, “foot”, “ankle” and “arthrodesis”.

Data extracted included study design, selection criteria, population demographics,
type of intervention, initial and final outcome scores, union rates, as well as complic-
ations if any. Results of all the included studies were described in a table format. Key
outcomes assessed were union rates, patient reported outcome scores and complic-
ations.

RESULTS

There have been 9 publications on this topic[5-13] (Table 1). Six of these were clinical
studies (5 on 1% MTP joint and 1 on TN joint). Two were cadaveric (1 each on ankle
and TMT joint) and one was a synthetic bone study (TMT joint). All the clinical studies
had patient reported outcome scores as well as arthrodesis union rates reported.

Radiographic union of the fusion site was defined by observing complete callus or
trabeculation across 3 cortices. Position of fusion of the 1 MTP joint was assessed by
analysing the intermetatarsal angle, hallux valgus angle (HVA), and 1** MTP joint
dorsiflexion angle (DA) using weightbearing anteroposterior and lateral views of the
foot.
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Table 1 Characteristics of included studies

Joint Number of Follow u
No Ref. L P Outcome
arthrodesed joints (mo)
1  Segal et al[5], 2020 1 MTP joint 30 36 Mean postop AOFAS score: 80.5
2 Pateletal[6], 2019 1% MTP joint 54 12 Mean MOXFQ improved from 46.4 to 18.4
3 Singhal et al[7], 2018 1t MTP joint 21 28 Mean MOXFQ improved from 49.7 to 17.9
4  Drampalos et al[8], 1% MTP joint 12 15 Mean AOFAS score improved from 29.4 to 73.3
2017
5  Drampalos et al[9], 1% MTP joint 23 19 Mean AOFAS score improved from 29 to 75.4
2016
6  Shymonetal[10],2016  Talonavicular 12 12 VAS pain level decreased from 7.3 to 2.1
7 Parker et al[11], 2014 Tibio talar joint 10 cadaveric Higher forces within the arthrodesis (3.95 kg vs 2.35 kg) in
IOFIX
8  Burchard et al[12], 2018 1% MTP joint 9 synthetic Lower load to failure and less stiffness in IOFIX
9  Rothetal[l3], 2014 15 MTP joint 7 cadaveric Lesser cycles to failure in IOFIX

VAS: Visual analogue scale; MTP: Metatarsophalangeal.

Jaishideng®

1MTP joint (clinical study)

Segal et al[5] from Tel Aviv, Israel, conducted a retrospective review on union rates
following the use of IOFIX. Standard operative technique was used. The study
included 30 cases with an average follow up of 36.2 £ 12.31 mo. Plain radiographic
studies were taken at 6 wk, 3-6-12 mo, and at 24 mo when applicable. Clinical union
was when the patients could fully bear weight on their feet without pain, and had no
pain when applying external force on the 1 MTP joint. Radiographic union was
obtained in 28 (93.33%) patients. None of the patients requested removal of hardware
due to prominence. The mean postoperative AOFAS score[14,15] was 80.5 £ 10.87. One
patient had asymptomatic nonunion. One patient underwent repeat surgery for
symptomatic nonunion but still did not go on to union. There were no cases of loss of
position or implant breakage.

Patel et al[6] from London, United Kingdom, analysed 54 feet for clinical and
radiological union with a minimum follow up of 1 year. Patients were allowed to fully
bear weight in a rigid-soled shoe with 2 crutches to assist walking immediately after
surgery. Arthrodesis was achieved in 52 (96.3%) feet at a mean of 61 + 16 d. Nonunion
was observed in 2 (3.7%) feet with one person opting for repeat surgery using a dorsal
plate. There were 2 (3.7%) superficial wound infections that responded to oral
antibiotics without further complications. Removal of implant due to metalware
impingement on soft tissues was performed in 3 (5.6%) feet after union. The mean
Manchester-Oxford Foot Questionnaire score[16] improved from 46.4 + 13.3 to 18.4
9.4 (P < 0.001) at latest follow-up. There were no cases of loss of position or implant
breakage.

Singhal et al[7] from Liverpool, United Kingdom, did a retrospective review of 21
patients with a mean follow up of 28 mo. Postoperatively patients were allowed to
heel weight bear in a firm soled sandal with the aid of crutches. Complete fusion of the
1 MTP joint was achieved in twenty (95%) patients. One patient had a non-union and
another patient developed a delayed union. The non-union was revised 14 mo after
the initial procedure with a locking plate and bone graft and this has gone on to unite.
The mean preoperative MOXFQ score improved from 49.7 (95% confidence interval:
46-52) to 17.9 (95% confidence interval: 12-22), P < 0.05.

Drampalos et al[8] from Manchester, United Kingdom, published their results on
twelve consecutive patients operated with this method. Postoperatively, a C-slab was
applied, followed by immediate heel weight bearing in stiff soled shoe. After 6-12 wk,
the patients were allowed unrestricted activities provided a satisfactory progression of
fusion was evident on radiographs. The mean follow up was 15 mo. Fusion of the MTP
joint was obtained in 11 toes (91%). The AOFAS score improved significantly from a
preoperative mean of 29.4 (range 10-54), to a postoperative mean of 73.3 (range 59-90)
(P < 0.0001). The patient with nonunion had only minor improvement from the
procedure with persisting symptoms but did not want a revision surgery. There was
one patient diagnosed with transfer metatarsalgia who had a malalignment with a
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HVA of 4°. This patient had a poor improvement of the AOFAS score (from 30
preoperatively to 59 after the operation) but was still satisfied with the result.

In another series, Drampalos et al[9] from Manchester, United Kingdom, reviewed
the results of arthrodesis of the 1 MTP joint in 23 patients using the IOFIX or HALUX
(Extremity Medical, Parsippany NJ, a similar intramedullary device with an anchored
post and a lag screw) (Figure 2B). Patients were followed up for a mean of 19 mo. The
mean AOFAS score improved from 29 to 75.4 (P < 0.0001) and the mean VAS for pain
improved from 8.1 to 2.4 (P < 0.0001). Twenty (86%) of the patients were satisfied with
the outcome. Twenty-one (91%) of the patients achieved arthrodesis. 2 patients
underwent revision surgery for failed fusion (HALUX) and infected non-union
(IOFIX).

Talonavicular joint (clinical study)

Shymon et al[10] from California, United States, investigated postoperative bony union
and functional outcomes of 12 consecutive patients who underwent TN arthrodesis
with the IOFIX device. Surgical indications included posttraumatic arthritis,
rheumatoid arthritis, and idiopathic arthritis. Post operatively, a short leg, well-
padded splint was applied. Patients were advised to be non-weight bearing. At 1 wk,
they were placed in a controlled ankle movement boot and allowed to weight bear if
pain allowed it. Patients were followed up for a minimum of 1 year. The VAS pain
level decreased from 7.3 £ 0.9 preoperatively to 2.1 £ 0.7 postoperatively (P < 0.001)
and the SF-12 physical component improved from 27.9 + 4.2 preoperatively to 42.2 +
3.5 postoperatively (P < 0.001). Radiographic union was achieved in all the 12 patients
at 9.6 £ 0.4 wk. Three patients had a superficial wound infection that resolved with
oral antibiotics for 10 d. On average, patients were able to weight bear by 3.5 wk
(range 2.2-5.5 wk)

Tibiotalar joint (cadaveric study)

Parker et al[11] from London, United Kingdom, conducted a cadaveric experiment on
10 ankles where they compared the magnitude and distribution of force created across
an ankle arthrodesis between IOFIX and traditional AO 6.5 mm cancellous partially-
threaded bone screws (Figure 3). The soft tissues from the ankles were removed and
the articular surfaces of the distal tibia and talus were prepared with a 2.5 cm wide
saw to create uniformly flat arthrodesis cuts. The 10 ankles received both treatments in
a randomized fashion in order to allow direct comparisons between repeated
measurements. Compression forces were measured using a Tekscan/Iscan (Tekscan
Inc. South Boston MA, United States) pressure transducer calibrated to display force in
kilograms (kg) and contact area in cm?and inserted into the arthrodesis.

The IOFIX created significantly higher median average forces within the arthrodesis
(3.95 kg compared with 2.35 kg, P < 0.01). The IOFIX also created a more uniform
pressure across the arthrodesis as well as a higher median average uniform contact
area (3.41 cm?vs 2.42 cm?, P <0.03).

1t TMT joint (in vitro study & cadaveric study)

Burchard et al[12] from Witten, Germany, conducted an experimental study using 9
synthetic bones to study the use of a medial locking plate (Double bridge plate®
(Konigsee Implantate GmbH, Allendorf, Germany), a plantar locking plate (PEDUS L
Plantar Lapidus Plate® (Axomed GmbH, Freiburg, Germany), or an intraosseous
locking device [IOFIX (Extremity Medicals, Parsippany, United States)] in 1% TMT joint
arthrodesis. They looked into the difference in the initial compression of the osteosyn-
thesis as well as loss of stability and load to failure. The highest initial compression
force was provided by the IOFIX implant (131 + 55 N), followed by the medial locking
plate (87 + 51 N) and the plantar plate (3 £ 1 N). The stiffness provided by the plantar
plate was superior compared to both of the other fixation methods (vs medial plate P <
0.000, vs IOFIX P < 0.000). Load to failure was in the following order: (1) IOFIX (173 + 8
N); (2) Medial plate (324 £ 24 N); and (3) Plantar plate (377 + 41 N).

Roth et al[13] from Mainz, Germany, performed a study on 7 pairs of freshly frozen
cadaveric feet to compare the intra- medullary implant IOFIX (Extremity Medical TM,
Parsippany, NJ, United States) with plantar locking plate (Wright Medical Technology,
Inc, Arlington, TX, United States) in osteosynthesis of the 1 TMT joint. Cycles until
failure, failure load, displacement, and plantar gapping were recorded. On average the
plates failed after 7517 cycles and a maxi- mum load of 167.1 N while the screw and
post implants failed on average after 2946 cycles and a maximum load of 68.6 N. After
8167 cycles 50% of the plates had failed while the same failure rate was observed after
2269 cycles in the IOFIX group. Initial and final stiffness were all higher on average in
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Figure 3 Diagrammatic representation of IOFIX and cancellous screws used in tibiotalar joint arthrodesis.
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the plate-treated group than in the screw and post group.

DISCUSSION

The majority of studies on the use of intraosseus fixation devices for arthrodesis
involve the first MTP joint and it is considered that the type of implant used to
stabilise the fusion site influences the outcome. In general literature the union rates of
primary first MTP joint arthrodesis has been excellent and reported to be up to 100%
[17]. Patient's satisfaction after MTP arthrodesis varies from 78% to 93%[18-20]. Larger
implants have a higher rate of successful fusion but they also have higher implant
removal rate, up to 30%, due to nonunion, malalignment, pain and hardware
impingement of the soft tissues[21-23]. The intraosseous advantages of IOFIX include
the facts that it is of “low profile” and provides uniform compression with a stable
fixation[24]. In the series of studies reviewed, IOFIX appears to be safe and effective in
achieving arthrodesis of the first MTP] and immediate weightbearing can be allowed.
Concerns have been raised about the cost of the IOFIX implant[5]. However, with the
reduced requirement for further surgery and excellent union rates, the pros could
outweigh the cons.

The TN arthrodesis study[10] suggests that the IOFIX device improves patient
outcomes with a quick return to weight bearing. Historically, post-TN arthrodesis
nonunion has been reported in up to 37% of cases of rheumatoid arthritis[25]. In this
study, that included 3 patients with rheumatoid arthritis, there were no cases of
nonunion.

The experimental study on ankle arthrodesis[11] showed that the IOFIX exhibited a
more uniform contact area. The AO lag-screw and washer tended to concentrate stress
nearest where it was inserted. Bone resorption in areas of high peak contact stress
within an arthrodesis may lead to progressive loss of bone interdigitation, gapping
and non-union at the interface. Therefore, theoretically, IOFIX has an advantage over
the lag screw fixation methods. But there were no clinical studies available.

In the TMT studies[12,13], IOFIX demonstrated the highest initial compression force
of the three tested implants but the load to failure, cycles to failure and stiffness were
significantly lesser. The plantar locking plate showed the best overall stability and
stiffer construct during cyclic weight-bearing simulation. This does not necessarily
mean higher union rates when a plate is being used. In case of a fracture or a fusion
there is a range of instability/rigidity which may be tolerated in different biomech-
anical scenarios. A fusion may be achieved despite instability (or decreased stiffness)
while minimal instability may be detrimental in rigidly fixed constructs with small
gaps.

The Perren’s theory of strain describes the minimum and maximum degrees of
rigidity which will be tolerated leading to primary bone healing and induction of
callus formation[26]. The decisive factor for tissue differentiation is deformation or
strain of the repair tissue and not rigidity /mobility. While tissue strain relates with
mobility, it depends even more so on the distance between the movement of the
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opposing surfaces. The biological parameters of damage to the blood supply and bone
necrosis emphasize the importance of avoiding extensive periosteal stripping and
contact of the implant with bone. A balance between rigidity, compression and co-
aptation is probably more important. Primary union is seen when rigid stabilisation
with perfect co-aptation and minimal interfragmentary motion is applied. Osteoclasts
make up the head of a “cutting cone”, followed by capillaries and then osteoblasts
which lay down the osteoid to fill the “cutting cone”. Small gaps are filled by woven
bone which later remodels to lamellar bone. There is no external callus and bone
strength is not restored for many months. However, in less rigidly fixed fractures,
external callus is seen and bone is remodelled quicker in accordance with Wolff's law
and Perrens’s strain theory[3]. The intraosseous device offers an advantage in this
regard. Further research and clinical data is necessary to study the efficacy of IOFIX in
TMT fusions. The senior authors of our team have used the IOFIX device for 1 TMT
joint fusions with encouraging results and is in the process of publishing them.

The limitation of this review is the few papers available on the device. There were
also no clinical papers on the use of intraosseous devices in joints other than the 1%
MTP] and a single article on the talonavicular joint.

CONCLUSION

The intraosseous fixation device IOFIX reviewed in our study appears to be a safe and
effective device to achieve arthrodesis with the advantages of early weight bearing.
They provide good patient reported outcomes satisfaction and bone union as well as
avoiding prominent hardware complications and soft tissue irritation. However,
further prospective and comparative studies with larger sample size and longer
follow-up are needed to confirm these findings.

ARTICLE HIGHLIGHTS

Research background
Numerous fixation devices have been described in literature for foot and ankle
arthrodesis. Each of these devices have their own benefits and drawbacks

Research motivation

This review article looked into the use of an intraosseous device IOFIX. Since the entire
construct of IOFIX is embedded in the bone, there is less risk of soft tissue irritation
and prominence of metalwork.

Research objectives
Outcome scores, union rates, as well as complications associated with the use of IOFIX
was looked into.

Research methods

Fully published studies with details of the use of intra osseous devices were included
in the study. These were identified by a search through available English literature.
Nine related publications were identified and analysed.

Research results

In comparison to plate/screw constructs there were fewer soft tissue complications
and issues of metalwork prominence. It also provided adequate compression across
the arthrodesis site.

Research conclusions

IOFIX appears to be safe and effective in achieving arthrodesis of the 1 metatar-
sophalangeal and talonavicular joints with early rehabilitation. However, cadaveric
and biomechanical studies on the use in tarsometatarsal and ankle joint showed some
concerns with decreased load to failure and cycles to failure.

Research perspectives
Further clinical trials are required. Prospective and comparative studies with larger
sample size and longer follow-up could confirm the effectiveness and limitations of
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the method.
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