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Abstract

Background Arthrodesis is considered the gold standard for end-stage ankle arthritis in patients who fail conservative
management. Achieving union is paramount while minimizing complications. An essential item for successful union is
preparation of the articular surface. Our study aims to evaluate the difference in joint preparation between direct lateral and
dual mini-open approaches.

Materials and Methods Ten below knee fresh-frozen specimens were used for this study. Five were prepared through lateral
approach, and five using dual mini-incisions. After preparation, all ankles were dissected and images of tibial plafond and
talar articular surfaces were taken. Surface areas of articulating facets and unprepared cartilage of talus, distal tibia, and
distal fibula were measured and analyzed.

Results A greater amount of total surface area was prepared with the mini-open approach in comparison to the transfibular
approach. Percentage of prepared surface area of total articulating surface (including talus and tibia/fibula), talus, tibia,
and fibula with the transfibular approach were 76.9%, 77.7%, and 75%, respectively. Percentages were 90.9%, 92.9%, and
88.6% with the mini-open approach. When excluding medial gutter, there was no significant difference between techniques
(83.94% vs. 90.85%, p=0.1412).

Conclusion Joint preparation with the mini-open approach is equally efficacious as the transfibular approach for the tibiotalar
joint. The mini-open approach does provide superior preparation of the medial gutter and inferior tibial surface which may
help to increase union rates and decreased complications.

Level of Evidence V.
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Ankle arthrodesis is a common procedure that can be indi-
cated for symptoms such as pain, instability, or deformity.
These issues commonly arise from conditions including
but not limited to malunion, nonunion, arthritic pain, failed
total ankle arthroplasty, posttraumatic injury, osteoarthritis,
rheumatoid arthritis, congenital anomalies, and neurotrau-
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surgical technique.

Many approaches for open ankle arthrodesis have been
described in the literature, including the transfibular, ante-
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preference and training of each surgeon but may also be
dictated by existing hardware or prior incisions [2]. Addi-
tionally, the use of the mini-open technique is limited in
patients with severe deformity [6]. The transfibular (lat-
eral) approach utilizes a 10-12 cm incision over the distal
fibula, followed by removal of approximately the distal
6 cm of the fibula [2, 4]. This approach is designed to
advance between the peroneal nerve anteriorly and sural
nerve posteriorly, and care must, therefore, be taken to
avoid these structures [2].

Despite their efficacy, open approaches have been previ-
ously associated with wound complications and difficulty
in conversion to arthroplasty if the distal fibula is excised.
To address these pitfalls, the mini-open (extended arthro-
scopic portals) approach was introduced. In this technique,
two incisions of approximately two centimeters each are
made in the medial and lateral gutters of the ankle joint,
which are subsequently used to visualize and access the
articular surfaces. The fibula is preserved in this approach
aside from denudation of the medial portion of the lateral
malleolus for joint preparation [4, 7, 8]

Appropriate joint preparation is a key component to
successful ankle arthrodesis regardless of surgical tech-
nique. Inadequate denudation of articular surfaces involved
in the arthrodesis can lead to increased nonunion rates in
ankle arthrodesis [3]. Proper preparation of the arthrodesis
site includes removing articular cartilage so that underly-
ing cancellous bone can be maximally exposed [4].

Both the transfibular and mini-open approach serve the
same primary purpose of facilitating ankle arthrodesis.
The goal of this study was to compare how much cartilage
denudation and joint preparation could be accomplished
using the mini-open approach versus the transfibular
approach in fusion of the tibiotalar joint.

Table 1 Cadaver characteristics

Materials and Methods

We used ten below knee fresh-frozen cadaver legs for this
cadaveric study. All were stored at —20 °C and thawed at
room temperature for 24 h prior to use. Demographic vari-
ables for the corresponding deceased patients were recorded,
including age, gender, height, and weight (Table 1).

Each specimen was arbitrarily assigned to undergo
either the transfibular approach or mini-open approach
with dual incisions for the ankle. Ankle joints of five speci-
mens were prepared through the transfibular approach,
while the remaining five ankles were prepared using dual
mini-incisions.

For the transfibular approach, a skin incision was made
over the fibula shaft starting 10 cm proximal to the tip, and
then curving distally towards the base of the fourth metatar-
sal. Full thickness skin flaps were developed in the plane.
Detailed preparation of the bony surface of the fibula,
including denudating the cartilage and removing soft tis-
sue, was conducted. The dissection was carried across the
anterior aspect of the tibia and ankle joint with the help of
a periosteal elevator, by stripping soft tissue from the distal
end of the tibia, ankle joint, and proximal talar neck medi-
ally towards the medial malleolus. The fibula was subse-
quently osteotomized with beveling approximately 1-2 cm
proximal to the level of the ankle joint (Fig. 1). The anterior
tibiofibular ligament (AITFL) and anterior talofibular liga-
ment (ATFL) were released and the distal fibula fragment
was flipped or retracted posteriorly utilizing the intact cal-
caneofibular ligament (CFL) as a soft tissue hinge. The joint
surface was distracted with a lamina spreader and prepared
using osteotomes and curettes.

The mini-open approach was executed beginning with two
incisions made over standard arthroscopic portal sites cen-
tering over the ankle. Each incision measured approximately

Cadaver Number Age Sex Laterality of Foot Height (in.) Weight (Ibs) Cause of death

¥ 56 M L 79 228 Lung cancer

3 87 F L 62 104 End-stage Alzheimer’s disease
4 64 M R 70 180 Respiratory failure

¥5 56 M R 55 228 Lung cancer

6 35 F L 68 128 Leukemia

*7 64 M L 72 186 Respiratory failure

8 48 M R 71 180 Prostate cancer

*9 64 M R 72 183 Respiratory failure
10 85 F L 68 105 Malignant melanoma
11 65 M R 72 252 Liver failure

Mean (SD) or N 62.4 (15.5) 3FTM SR:5L 68.9 (6.5) 177.4 (51.5)

*¥paired feet from same patient
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Fig.2 Mini-open (extended arthroscopic portal) approach

2 cm in length. The medial incision was placed immediately
medial to the anterior tibial tendon and lateral to the medial
notch. The lateral incision was made between the peroneus
tertius and fibula (Fig. 2). After careful blunt dissection,
the joint capsule was incised longitudinally through both
incisions. Soft tissues were elevated subperiosteally from
the anterior tibia through both incisions. Osteophytes were
removed if present. Joint surfaces were distracted through
one incision while working through the other incision. Joint
surfaces were denuded with osteotomes and curettes. Joint
preparation was completed and checked by a fellowship-
trained foot and ankle surgeon.

After articular preparation was complete, all ankles were
completely dissected, and unprepared surfaces were demar-
cated with a marking pen. Photographic images of the tibial
plafond and talar articular surfaces were taken (Fig. 3).

Measurement and Statistical Analysis

Surface areas of each articular facet and unprepared cartilage
of the talus, distal tibia, and distal fibula were measured

Fig. 3 Preparation of medial facet of talus (0% prepared)

Fig.4 Total surface area and unprepared area of dome of talus

using image-analysis software, ImageJ (Wayne Rasband,
National Institutes of Health, Bethesda, MD) [9—11]. These
measurements were used to calculate percentages of pre-
pared and unprepared cartilage of each articular surface
for each specimen. Statistical comparisons were performed
using SPSS software.

Results

Table 1 shows characteristics of cadaver specimens used.
Ten below-knee fresh-frozen cadaver specimens were used
for this study, including three females and seven males. The
average age at death was 62.4 (15.5) years, average height
was 68.9 (£ 6.5) in., and average weight was 177.4 (£51.5)
Ibs.

The tibiotalar articular surface (inferior surface of tibia
plus dome of talus) was more prepared using the mini-
open approach (p=0.0146). When assessing the inferior
tibial and talar dome surfaces individually, the inferior
tibial surface had a higher percent of preparation using
the mini-open approach (Fig. 4). There was no significant
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Fig.5 Total surface area and unprepared surface area of tibia and
fibula

Table 2 Average prepared surface area by ankle gutter

Average percent prepared surface area

Transfibular  Mini-open  p value
Tibiotalar articular surface® 79.59 (10.0) 95.22(5.2) 0.0146
Medial gutter” 44.67 (29.1) 91.08 (7.3) 0.0087
Lateral gutter® 88.82(6.9) 82.04 (9.3) 0.2263
Total, excluding medial gutter 83.94 (7.1)  90.85 (6.2) 0.1412
Total, excluding lateral gutter ~ 72.35 (10.3) 94.18 (3.6) 0.0021

¥inferior surface of tibia+dome of talus
*]ateral malleolus + lateral facet of talus

“medial malleolus of tibia + medial facet of talus

difference in the amount of preparation of the lateral gut-
ter (lateral malleolus of fibula plus lateral facet of talus)
using either approach; however, the lateral malleolus was
significantly more prepared using the transfibular approach
(92.9%) than the mini-open approach (79.1%) (p =0.0419)
(Fig. 5).

Total prepared surface area was analyzed by ankle gut-
ter (Table 2). The medial gutter (medial malleolus of tibia
plus medial facet of talus) was significantly more denuded
of cartilage in the mini-open approach (91.1%) compared to
the transfibular approach (44.7%) (p=0.0087). Of the sur-
faces in the medial gutter, the medial facet of the talus was
significantly more prepared using the mini-open approach
(100%) in comparison to the transfibular approach (31.2%)
(p=0.0006). No significant difference was found between
the two approaches for the medial malleolus (p=0.1156)
(Table 3). However, the mini-open approach did allow for
greater preparation of the inferior tibia (articular surface of
the talar dome) as compared to the transfibular approach
(94.2% vs. 76.4%, p=0.0141).

When comparing total surface area of the ankle joint
excluding the lateral gutter (Table 2), the mini-open
approach provided greater average percent preparation
(94.2%) compared to the transfibular approach (72.4%)
(p=0.0021). When excluding the medial gutter from anal-
ysis, neither approach provided significantly more prepa-
ration. Overall, a higher percentage of surface area of the
talus, tibia/fibula, and entire ankle joint (articular surfaces
of talus, tibia, and fibula combined) was prepared using the
mini-open approach compared to the transfibular approach
(Table 4).

Discussion

Ankle arthrodesis has been considered a gold-standard pro-
cedure for end-stage ankle arthritis in patients who fail con-
servative management. It may be performed through direct
anterior, transfibular, arthroscopic, or mini-open approaches.
Regardless of approach, important aspects of fusion are
joint preparation, apposition of the joint surfaces, and sta-
ble fixation. Although total ankle replacement has increased
in popularity for treatment of end-stage arthritis among
older patients, ankle arthrodesis is commonly performed
among younger patients, as well as patients with significant

Table 3 Average percent
of prepared surface area by

Average percent prepared surface area

articular surface in transfibular Transfibular (+S.D.) Mini-open (+S.D.) p value
versus mini-open approach
Tibia/fibula
Inferior tibia (Articular surface  76.4 (11.1) 94.2 (6.2) 0.0141
for talar dome)
Medial malleolus 50.6 (34.1) 81.0 (17.9) 0.1156
Lateral malleolus 929 (7.7) 79.1 (10.1) 0.0419
Talus
Talar dome 85.7 (13.7) 95.8 (5.8) 0.1695
Medial facet 31.2 (28.0) 100 (0) 0.0006
Lateral facet 84.2 (16.5) 82.9 (11.6) 0.9903
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Table 4 Average percent of total prepared surface area by bone in
transfibular versus mini-open approach

Average percent prepared surface area

Transfibular Mini-open p value
(xS.D.) (+S.D.)
Talus 77.7 (12.4) 92.9(5.9) 0.0381
Tibia/Fibula 75.0 (9.7) 88.6 (5.3) 0.0311
Talus + Tibia+Fib-  76.9 (8.8) 90.9 (5.2) 0.0154
ula

comorbidities. Arthrodesis may be associated with compli-
cations such as infection, chronic pain, and nonunion. Of
these, nonunion is the most common complication reported
in the literature [12]. Therefore, achieving union while mini-
mizing complications associated with the procedure is of
utmost importance.

The transfibular approach allows for excellent deform-
ity correction, visualization of the joint, and has a smaller
learning curve when compared to the mini-open approach
[13]. These benefits come at the risk of possible blood sup-
ply compromise during this approach [6, 13]. Reproducible
results can be achieved with the mini-open approach, in
patients with lesser deformity, while preserving the soft tis-
sue envelope and blood supply especially in settings where
arthroscopic ankle fusion cannot be performed [14].

Although arthroscopic ankle arthrodesis overcomes
many disadvantages of open ankle arthrodesis, there is a
challenging learning curve and a high level of expertise is
required. Additionally, arthroscopic ankle procedures may
lead to longer surgical times [15]. It can also only be used
if there is minimal deformity [16]. The mini-open anterior
(extended arthroscopic portal) approach retains much of the
advantages of arthroscopic arthrodesis using the same planes
with minimally-increased exposure. Nonetheless, the less
invasive nature of the approach has been proposed to theo-
retically prevent adequate preparation of the joint.

This anatomic study demonstrated that use of the mini-
open approach resulted in significantly greater prepara-
tion of the tibiotalar articular surface as well as the medial
gutter. Additionally, when excluding the lateral gutter, the
mini-open approach performed equally or superiorly to the
transfibular approach while preparing the remaining surface
areas of the ankle joint. These results support the use of the
mini-open approach as an equally efficacious approach in
comparison to the commonly used transfibular approach.
Clinically, the anterior mini-open approach is advantageous
in that it optimizes surgical exposure, and the patient can be
in the supine position. This preserves the mortise on both
sides. It is important to note that this approach does involve
dissection through the neurovascular plane, increased wound
complication rates, and there is a high level of unfamiliarity

with the approach amongst general orthopedic surgeons.
Nonetheless, the mini-open approach preserves the fibula,
providing the option to perform conversion into arthroplasty
in the future if necessary. Paremain et al. [14] and Ahmad
et al. [17] reported 100% union using the mini-open tech-
nique. In the study by Paremain et al. the mean time to union
was 6 weeks (3—15 weeks) [14] and Ahmad et al. reported a
mean time of 14.1 weeks (10-16 weeks) to union [17]. This
high rate of union may be attributed to the increased amount
of prepared surface area which was available for union.
However, further clinical studies are needed for validation.

The transfibular approach demonstrated significantly
greater efficacy for preparation of the lateral malleolus of
the lateral ankle gutter in comparison to the mini-open
approach. This technique has the advantages of being used
for ankle fractures, avoiding neurovascular structures, and
helping to correct deformities with fibular sparing. The
transfibular approach for ankle arthrodesis using the fibula
as an onlay graft is associated with high union rates [18-21],
with a mean time to union reported to be 14 weeks in the
literature [22]. One disadvantage of this approach is that
it may lead to inadequate preparation of the medial gutter,
which was demonstrated in our study with an average of only
44.7% preparation. Additionally, the transfibular approach
using fibular osteotomy may result in compromise of venous
and nervous structures [23]. The transfibular approach also
entails sacrifice of the integrity of the distal fibula. In cases
in which conversion, total ankle arthroplasty may be war-
ranted, preservation of the distal fibula is critical [24, 25].

In our study, there was a significant difference in the
amount of area prepared, especially on the medial malleo-
lus, lateral malleolus, and inferior surface of the tibia. While
the medial malleolus and tibia had a greater percentage of
preparation with the mini-open approach, the lateral malleo-
lus was better prepared with the lateral approach. Overall,
our results demonstrated that the mini-open approach has
efficacy comparable to that of the transfibular approach.
Clinically, this is important, because preparation of more
surface area may result in faster union rates. The mini-
open approach may be advantageous in comparison to the
arthroscopic approach as well, as there is less technical skill
required and, therefore, less of a learning curve.

The results of our study demonstrated that the medial gutter
was poorly prepared in the transfibular approach as compared
to mini-open technique. Therefore, to overcome this, a medial/
anteromedial incision may be required for the preparation of
the medial gutter when using the transfibular approach. Some
literature reports use of a medial osteotomy to approach the
medial side of the joint [26]. When excluding the medial gut-
ter, there was no significant difference in preparation between
the two techniques. However, it should be noted that many
surgeons excise the medial malleolus or will not prepare the
medial gutter. When assessing overall preparation, specimens
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that underwent dissection with the mini-open approach had
significantly greater preparation including a greater amount
of preparation of the articular surface for the talar dome. Our
results validate the mini-open approach as an efficacious
approach comparable to that of the transfibular approach for
ankle arthrodesis.

Limitations

This study has several limitations. First, the cadaver specimens
available were limited to ten, restricting the power of the study
and none of the specimens used had a deformity or arthritis of
the joint. Also, freezing and thawing of the specimens could
have affected the results by limiting the exposure depending
on thawing. We are not able to comment on the impact of
preparation on non-union due to the nature of study. Actual
results in living persons depend on multiple factors including
comorbidities and smoking status apart from surgical tech-
niques. The type of fixation may also have an impact on union.
However, both of these techniques typically use cross com-
pression screws (3—5 screws depending on the surgeon’s pref-
erence). It should be noted that the transfibular approach does
need additional screws to fix the fibula to the tibia and talus.
Although both these techniques use compression screws only
the transfibular technique provides an additional onlny graft.

This is the first study which demonstrates the efficacy of
joint preparation with the mini-open approach in compari-
son to the transfibular approach. The mini-open approach
may, therefore, provide equivalent if not superior clinical
outcomes in that it allows for adequate joint preparation,
preserves vascularity, minimizes soft tissue damage, and
enables possible future total ankle arthroplasty.

Conclusion

The mini-open approach using dual incisions results in over-
all equal if not superior joint preparation when compared to
the transfibular approach. There was no significant differ-
ence in tibiotalar articular surface area preparation when
excluding the medial gutter. Both of these techniques pro-
vide adequate joint preparation. Therefore, the mini-open
technique can be considered in patients with high risk for
complications and when arthroscopic surgery is not pos-
sible. The impact of these results needs to be evaluated with
further clinical studies.

Brief Summary

e Arthrodesis is considered the gold standard for end-stage
ankle arthritis in patients who fail conservative manage-
ment. It may be done through anterior, lateral, arthro-
scopic, or mini-open approach.

@ Springer

e Despite their efficacy, open approaches have been previ-
ously associated with wound complications and difficulty
in conversion to arthroplasty if the distal fibula is excised.

e Nonunion is the most common complication reported. An
essential item for successful union is preparation of the
articular surface which may be limited by the approach
used.

e Joint preparation with mini-open approach is equally effi-
cacious as transfibular approach for the tibiotalar joint.
When excluding medial gutter, there was no significant
difference between techniques (83.94% vs. 90.85%,
p=0.1412).

e Percentage of prepared surface area of total articulating
surface (including talus and tibia/fibula), talus, tibia, and
fibula with the transfibular approach were 76.9%, 77.7%,
and 75%, respectively. Percentages were 90.9%, 92.9%,
and 88.6% with the mini-open approach.

e Mini-open technique can be considered in patients with
high risk for complications and when arthroscopic sur-
gery is not possible.
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