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CLINICAL ARTICLE

' End-stage Ankle Arthritis Treated by Ankle
Arthrodesis with Screw Fixation Through the
Transfibular Approach: A Retrospective Analysis

Haigiang Suo, MM' ©, Li Fu, MD, PhD? Hanguang Liang, MM, Zhiwei Wang, MM' ©®, Jie Men, MM',
Wei Feng, MD, PhD'

'Department of Bone and Joint, The First Hospital of Jilin University and *Department of Obstetrics and Gynecology, The Second Hospital of
Jilin University, Changchun, China

Objective: To evaluate the clinical outcome of ankle arthrodesis with screw fixation through the transfibular approach
for end-stage ankle arthritis.

Methods: Data of 22 patients (28 ankles) with end-stage ankle arthritis admitted to the Department of Orthopedics
and Surgery of the First Hospital of Jilin University from May 2015 to December 2018 were analyzed retrospectively.
The study included 9 men and 13 women, with a mean age of 56.86 + 11.27 years (range, 37-75 years). The mean
duration of the disease was 11.36 4+ 12.80 years (range, 3 months-50 years). A total of 16 patients had post-
traumatic arthritis, 5 patients had osteoarthritis, and 1 patient had rheumatoid arthritis. There were 12 cases of the
left ankle and 16 cases of the right ankle; 16 cases were unilateral and 6 were bilateral. The same surgical procedure
was applied to all patients. Collected data included the operation time, intraoperative and postoperative blood loss,
hospitalization time, bone union rate, time to bone union, and complications. The American Orthopedic Foot and Ankle
Society (AOFAS) ankle hindfoot score and the visual analogue scale (VAS) were used to evaluate the preoperative sta-
tus and the postoperative outcome at the last follow up.

Results: The mean follow-up period was 26.14 £ 10.99 months. The mean operation time was 101.82 4+ 33.33 min.
The mean blood loss was 116.78 + 68.86 mL during the procedure and 111.07 + 52.18 mL after the procedure.
The mean hospitalization time was 14.22 + 5.42 days. Bone union of the ankle joint was achieved in all patients. The
mean time to bone union was 14.83 + 2.14 weeks. There was significant difference in the operation time between
the patients undergoing unilateral and bilateral ankle arthrodesis. The AOFAS ankle hindfoot score increased from the
preoperative value of 43.46 4+ 4.39 points to 80.39 + 5.37 points at the last follow up. During the same interval, the
VAS score improved from 6.14 + 0.80 points to 1.64 + 0.73 points. The AOFAS ankle hindfoot score of patients who
underwent unilateral ankle arthrodesis improved from the preoperative 43.19 + 3.95 points to 81.75 + 5.23 points
at the last follow up, and the VAS score improved from 6.19 + 0.83 points to 1.69 4+ 0.70 points. The AOFAS ankle
hindfoot score of patients undergoing bilateral ankle arthrodesis improved from the preoperative value of 43.83
+ 5.08 points to 78.67 4+ 5.05 points at the last follow up, while the VAS score improved from 6.08 + 0.82 points to
1.58 4+ 0.79 points. There was significant difference in the maximum walking distance and walking on any surface
between the patients undergoing unilateral and bilateral ankle arthrodesis. One patient developed superficial peroneal
nerve palsy, which resolved within 1 year after the operation. In another patient, healing of the incision skin was del-
ayed. During the follow-up period, none of the patients developed an infection of the incision or local skin necrosis;
screw loosening, withdrawal, or breakage did not occur in any patient.
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Conclusion: The ankle arthrodesis with screw fixation through the transfibular approach provides satisfactory clinical

outcomes for end-stage ankle arthritis.
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Introduction

he ankle joint is composed of the tibia, the lower end of

the fibula, and the talus pulley. It is one of the joints
bearing the largest biomechanical load; it bears approxi-
mately 5 times the body weight during normal walking and
up to 13 times the weight during running'. Ankle osteoar-
thritis (OA) is a chronic degenerative disease characterized
by degeneration of the cartilage, subchondral osteosclerosis,
periosteal osteophyte formation, and deformities of the joint.
Worldwide, approximately 1% of people suffer from ankle
OA®’. Ankle OA is caused mainly by traumatic factors
which include repeated ankle sprains, intra-ankle fractures,
tibial plafond fracture, tibial shaft fracture, talus fracture, and
cartilage injury of tibia and talus®* Other triggers of ankle
OA are represented by rheumatoid arthritis, neuropathic
arthritis, hemochromatosis, hemophilia, clubfoot, avascular
talus necrosis, osteochondrosis dissecans, and postinfectious
arthritis®. The type of treatment of ankle OA depends on the
stage of this condition’. At present, the most commonly used
ankle OA staging is the Tanaka modification of the Takakura
staging®. It divides ankle OA into four stages ranging from
mild to severe. Typically, stage 1 is defined as early, stages
2 and 3 as intermediate, and stage 4 as an end phase. Early
and middle-stage ankle OA is commonly addressed by con-
servative treatment and ankle-sparing surgery. However,
conservative treatment is not effective for the major clinical
manifestations of end-stage ankle OA, such as intractable
pain, dyskinesia, and internal and external deformities of the
ankle. These afflictions severely affect the patient’s quality of
life, and surgery is currently the only available treatment
option. The main types of surgery for end-stage ankle OA
are ankle arthrodesis and total ankle replacement’.

Ankle arthrodesis was introduced in 1878 when
Eduard Albert treated a 14-year-old child suffering from
severe lower limb paralysis by performing knee and ankle
arthrodesis®. The purpose of this procedure is to relieve pain,
correct deformities, and stabilize joints. Ankle arthrodesis
has long been considered the gold standard for the treatment
of end-stage arthritis. With the continuous improvement of
surgical techniques, a variety of surgical approaches and fixa-
tion methods have been developed. To date, more than
40 different arthrodesis methods have been reported”?®,
including open ankle arthrodesis, arthroscopic ankle arthrod-
esis, and mini-open ankle arthrodesis. The approaches
include anterior, lateral, posterior, transfibular, and mini-
arthrotomy approaches. The fixation methods include bone
grafting, internal fixation, external fixation, or their combina-
tion. The internal fixation methods utilize a screw, a plate,

and an intramedullary nail. The external fixation can be per-
formed using the Ilizarov external fixator, Steinman pin fixa-
tion, a Taylor external fixator, or a Hoffman external fixator.
Although all of these techniques have been shown to provide
stability, a review of the existing literature indicates that the
debate on the best method for ankle arthrodesis has not
reached a consensus yet. Moreover, ankle arthrodesis has
certain drawbacks, such as the loss of ankle motion, high
complication rates, and diminished gait efficiency. Concern
has also been raised that the elimination of tibiotalar motion
accelerates adjacent joint degeneration due to the loss of a
major motion segment. In addition, even in cases of success-
ful arthrodesis, loss of normal ankle motion is found to neg-
atively affect the functional status at long-term follow
up. Increased attention to the management of soft tissue and
improved fixation methods has resulted in fewer complica-
tions, higher fusion rates, and more predictable pain relief.

Total ankle arthroplasty was first proposed by Richard
Smith in the 1970s, and after more than 40 years of refining,
it has become an option for the treatment of end-stage ankle
OA’. Although the ankle joint mobility is retained, the life-
time of the prosthesis is shorter. Total ankle arthroplasty is
characterized by a high failure rate; in fact, the overhaul rate
is as high as 32.9%-42%'*"". With recent progress in the
research on ankle joint biomechanics, prosthesis design, and
simulation technology, the clinical outcomes of total ankle
replacement are now adequate for the early and middle
stages of the disease'’. However, due to factors such as the
type, price, and surgical technique of domestic artificial ankle
prostheses, total ankle arthroplasty has not yet gained popu-
larity in China.

Currently, unilateral ankle arthrodesis provides satisfac-
tory clinical outcomes, but there are only a few reports on the
bilateral procedure. Performing bilateral ankle arthrodesis is
controversial because of associated problems, such as severe
gait abnormality and bilateral loss of talocrural joint motion.
To the best of our knowledge, the use of ankle arthrodesis
with screw fixation through the transfibular approach in the
treatment of bilateral ankle OA has never been reported.
Therefore, the aims of this study were: (i) to evaluate the clini-
cal effect of ankle arthrodesis with screw fixation through the
transfibular approach for end-stage ankle OA; (ii) to analyze
the advantages of ankle arthrodesis with screw fixation
through the transfibular approach, to identify possible surgical
complications, and indicate methods for their prevention; and
(iii) to determine whether the outcome of the patients under-
going bilateral ankle arthrodesis is comparable to that in
patients undergoing the unilateral procedure.
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Fig. 1 An anterolateral longitudinal incision of the distal fibula turning
to the base of the fourth metatarsal. The incision length is
approximately 10 cm.

Patients and Methods

Inclusion and Exclusion Criteria

The inclusion criteria followed the PICOS principle:
(i) patients diagnosed with unilateral or bilateral end-stage
ankle arthritis; (ii) patients treated with unilateral or simulta-
neous bilateral ankle arthrodesis with screw fixation through
the transfibular approach; (iii) preoperative and postopera-
tive comparisons were made with measures including the
American Orthopedic Foot and Ankle Society (AOFAS)
ankle hindfoot score and the visual analog scale (VAS) and
through comparison of unilateral and bilateral ankle arthrod-
esis, including the operation time, intraoperative and postop-
erative bleeding, hospitalization time, time to bone union,
complications, and preoperative and postoperative AOFAS
ankle hindfoot score and VAS; (iv) postoperative AOFAS
ankle hindfoot score and VAS are significantly improved
compared to preoperatively and there is no significant differ-
ence in expected results between patients who underwent
unilateral and bilateral ankle arthrodesis; and (v) the study
design was a retrospective study.

Exclusion criteria were patients with: (i) severe brain
or organ damage; (ii) acute and chronic suppurative joint
infection; (iii) ankle plantar flexion contracture caused by
neuromuscular injury; (iv) severe osteoporosis; or (v) total
necrosis of the talus.

General Information

The analysis included the data of 22 patients who underwent
arthrodesis with screw fixation through the transfibular
approach in the Department of Joint Surgery at our hospital,
from May 2015 to December 2018. There were 9 men and
13 women, with a mean age of 56.86 + 11.27 years (range,
37-75 years). Sixteen patients had posttraumatic arthritis,
5 patients had osteoarthritis, and 1 patient had rheumatoid
arthritis. There were 16 unilateral and 6 bilateral cases, for a
total of 28 ankles, which included 12 cases of left ankles and

Fig. 2 Excised segment of the fibula. The osteotomy was performed
6 to 7 cm from the distal tip.

16 cases of right ankles. The mean height was 166 + 0.52 cm
(range, 155-175 cm). The mean weight was 62.59 + 3.76 kg
(range, 55-68 kg). The mean body mass index (BMI) was
22.71 4 0.92 kg/m® (range, 20.32-24.31 kg/m?). The mean
duration of the disease was 11.36 =+ 12.80 years (range,
3 months-50 years). In addition, in this study all patients
were divided into unilateral ankle arthrodesis and bilateral
ankle arthrodesis groups. Those in the bilateral ankle
arthrodesis group underwent bilateral simultaneous ankle
arthrodesis.

Preoperative Preparation

All patients underwent X-ray and CT imaging before the
surgery to evaluate the degree of ankle joint disease, the
change in the force line, the adjacent joint, and the disease of
the temporomandibular joint.

Surgical Procedure

Anesthesia and Position

The surgery was performed under general or spinal anesthe-
sia. The patient was placed in a supine position, the balloon
of the proximal thigh tourniquet was inflated, the drapes
were disinfected, and the hip and lower limbs on the affected
side were raised so that the toes pointed upward.

Transfibular Approach and Exposure

A longitudinal skin incision was made, starting 10 cm proxi-
mal to the tip of the lateral malleolus and continuing along
the posterior border of the fibula in a distal direction. At the
level of the tip of the lateral malleolus, the incision continued
in an anterior direction toward the base of the fourth meta-
tarsus and ended at the level of the cuboid (Fig. 1). Sub-
periosteal dissection was performed to expose the distal
fibula to the lateral malleolus. At a distance of 6-7 cm from
the distal end of the fibula, a pendulum saw was used to cut
off the oblique fibula and remove the distal end of the fibula
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Fig. 4 Use of the Kirschner wire to temporarily fix the tibiotalar joint.

(Fig. 2). The lower tibiofibular union was cleaned up, the
external sides of the distal tibia and talus were uncovered,
and the tibiotalar joint was exposed with the help of a
spreader. Next, the osteophyte was cleaned up and the artic-
ular cartilage was removed with a cartilage shovel. The distal
end of the fibula was split in the coronal plane, and the can-
cellous bone was removed completely and trimmed into can-
cellous bone particles, which were used for bone grafting of
the tibiotalar joint.

Tibia and Talus Osteotomy

In the osteotomy, the length of the tibia was be kept as long
as possible, and the thin layer of subchondral bone at the top
of ankle point was removed so that the medial end was situ-
ated at the corner of internal ankle point, 10 mm short of
the medial tibial cortex, to prevent an accidental osteotomy
of the medial malleolus. The talus osteotomy was performed
parallel to the tibial osteotomy surface, forming a smooth

END-STAGE ANKLE ARTHRITIS BY ARTHRODESIS

cancellous bone surface (Fig. 3), and the 4.0-mm Kirschner
wire was used to drill evenly on the articular surface. The
lamina spreader was used to expand the operation field, the
cartilage surface of the medial space of ankle joint was
scraped further, and the joint capsule and surrounding
fibrous tissue were completely loosened.

Fixation and Reconstruction

To adjust the tibiotalar position, the ankle joint was placed
in the position of 0° flexion and extension, 5° valgus, and
10° external rotation. The talus was moved back so that the
front edge of the talus joint corresponded to the front cortex
of the tibia. In cases of limb shortening of up to 2 cm caused
by tibial distance osteotomy, the fibula and the entire plate
of the autogenous iliac bone were used for bone grafting.
Temporary fixation of the tibia and talus was accomplished
with Kirschner wire under fluoroscopy after achieving a sat-
isfactory force line (Fig. 4). The fixation was performed using
two or three 7.3 X 60 mm headless compression full-thread
hollow screws. The first screw was driven from the outside
of the tibia into the anteromedial talus process and the sec-
ond from the posterolateral process of the talus into the
anterior medial portion of the tibia. The fibula was fixed to
the tibia and talus with three or four 3.5 X 34 mm cortical
screws (Fig. 5). After the surgery, a drainage tube was placed,
the surgical incision was closed using the conventional
method, and a U-shaped plaster was fixed.

Postoperative Treatment

Postoperative anti-infective treatment was provided for
3-5 days, and the drainage tube was removed 48 h after the
surgery. Positive and lateral radiographs of the ankle were
performed and evaluated 1 week after the procedure. Two
weeks postsurgery, the sutures were removed, and the U-
shaped plaster was replaced with a short tubular plaster to
limit ankle movement and prevent failure of internal fixa-
tion. Weight bearing was avoided for 6 weeks after the oper-
ation. Partial weight-bearing walking was allowed after
6 weeks.

Clinical and Radiological Evaluation

The operation time, intraoperative and postoperative bleed-
ing, hospitalization time, bone union rate, time to bone
union, and complications were recorded. The AOFAS ankle
hindfoot score and the VAS score were used to evaluate the
preoperative status and postoperative outcome at the last
follow up.

American Orthopedic Foot and Ankle Society Ankle
Hindfoot Scores

The AOFAS ankle hindfoot Score is among the most com-
monly used instruments for measuring the outcome of treat-
ment in patients who have sustained a complex ankle or
hindfoot injury. The AOFAS hindfoot score system includes
primarily nine aspects: pain, function, maximum walking
distance (blocks), walking surfaces, gait abnormality, sagittal
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Fig. 5 Under the guidance of the C-arm X-ray machine, the tibiofibular joint was fixed with two headless full-thread hollow screws, and the fibula was

fixed to the tibia and talus with four cortical bone screws.

motion (flexion plus extension), hindfoot motion (inversion
plus eversion), ankle-hindfoot stability (anteroposterior,
varus-valgus), and alignment. The maximum value of the
AOQFAS ankle hindfoot score is 100 points, but it reaches
only 92 points in ankle arthrodesis patients due to the lim-
ited range of ankle motion. A score of 80-92 was considered
an excellent result, 70-79 a good result, 60-69 a fair result,
and less than 60 a poor result”.

Visual Analogue Scale

Ankle pain is an important sign and a frequent patient com-
plaint. A self-reported score on the 10-point visual analog
scale (VAS) was used for the assessment of patients’ pain. A
minimum of 0 indicates no pain. A score of 1-3 indicates
mild pain, with the sleep quality of patients not affected; 4-6
indicates moderate pain, with sleep quality affected; 7-10
indicates severe pain, with patients not able to sleep due to
pain; the maximum value is 10.

Radiographic Evaluation

All patients were examined at 6 weeks, 12 weeks, 6 months
and 12 months after the surgery and every year thereafter
through the outpatient service. X-ray images of the ankle
joint were taken to assess the fusion of the ankle joint. Com-
plete weight-bearing walking was permitted depending on
the X-ray or CT results. Follow-up exams were conducted
every 6 months after the completion of the bone union.
Union was judged to have occurred when trabeculae could
be seen crossing the joint line on plain radiographs or CT,
together with the presence of a pain-free, clinically united
joint. Delayed union was defined as union taking longer than
6 months. Non-union was defined as no evidence of fusion
on CT at 12 months postoperatively.

Statistical Analysis

SPSS Statistics 19.0 software (IBM SPSS, Chicago, IL, USA)
was used for all statistical analyses. The Shapiro-Wilk test
was used to determine whether the measurement data were
normally distributed, as well as the operation time,
intraoperative and postoperative bleeding, hospitalization
time, time to bone union, age, follow-up time, AOFAS ankle

hindfoot score, and VAS score. The homogeneity of variance
was expressed as mean =+ standard deviation. A comparison
between the unilateral and bilateral ankle arthrodesis was
performed using the t-test with two independent samples.
Categorical variables such as gender and etiology were
expressed as absolute values and percentages, and the y-test
and Fisher’s exact test were used to compare the data
between the unilateral and bilateral ankle arthrodesis groups.
A 5% significance level was applied for all tests (P < 0.05).

Results

Follow-up

All patients were examined at 6, and 12 weeks, and 6 and
12 months, after the surgery and every year thereafter
through the outpatient service. The mean follow-up time was
26.14 £ 10.99 months (range, 12-54 months). The mean
follow-up times of the unilateral and bilateral ankle arthrod-
esis  groups were 24.68 =+ 8.60 months (range,
15-37 months) and 29.83 =+ 16.38 months  (range,
12-54 months), respectively (P = 0.491).

General Results

There were 22 patients in this study, including 16 patients
with unilateral ankle arthrodesis and 6 patients with bilateral
ankle arthrodesis. Basic information for patients with unilat-
eral and bilateral ankle arthrodesis is listed in Table 1. The
mean duration of the surgery was 101.82 =+ 33.33 min
(range, 65-175min). Mean blood loss was 116.78
=+ 68.86 mL (range, 50-300 mL) during the operation and
111.07 £ 52.18 mL (range, 50-260 mL) after the operation.
The average hospitalization time was 14.22 =+ 5.42 days
(range, 8-30 days). The perioperation information of
patients in the unilateral and bilateral ankle arthrodesis
groups is listed in Table 2. The mean duration of surgery of
the bilateral ankle arthrodesis group is significantly longer
than that of the unilateral ankle arthrodesis group (150.83
=+ 16.86 min vs 83.44 + 11.79 min, P < 0.001).
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TABLE 1 Basic information on patients in the unilateral and bilateral ankle arthrodesis group

Variable Unilateral (n = 16) Bilateral (n = 6) Xz/t P-value
Age (years) 56.75 + 12.13 57.17 +£9.62 -0.835 0.940
Male sex (n, %) 8, 50% 1,16.7% 2.006 0.157
Height (cm) 165.94 + 5.67 166.17 + 4.26 -0.09 0.930
Weight (kg) 62.37 + 3.86 63.17 + 3.76 -0.431 0.671
BMI (kg/m?) 22.65 + 0.91 22.87 +£ 0.99 -4.87 0.631
Etiology OA/PA (n, %) 16, 100% 5, 83.3% 2.794 0.095
Duration of the disease (years) 10.61 + 14.33 13.38 £ 7.71 -0.603 0.552
Follow-up time (months) 24.68 + 8.60 29.83 + 16.38 -0.733 0.491

BMI, body mass index; OA, osteoarthritis; PA, posttraumatic arthritis

TABLE 2 Perioperation information of patients in the unilateral and bilateral ankle arthrodesis groups (mean + SD)

Variable Unilateral (n = 16) Bilateral (n = 6) t P-value
Duration of the surgery (min) 83.44 £ 11.79 150.83 + 16.86 -10.632 0.00"

Blood loss during the operation (mL) 126.25 + 80.57 104.17 + 49.81 0.835 0.411
Blood loss after the operation (mL) 120.0 + 55.65 99.17 + 46.80 1.047 0.305
Hospitalization time (days) 13.56 + 5.48 16.0 + 5.29 -0.938 0.360

*Statistically significant

TABLE 3 Preoperative American Orthopedic Foot and Ankle Society (AOFAS) ankle hindfoot score and visual analogue scale (VAS) score

between patients with unilateral and bilateral ankle arthrodesis group (mean + SD)

Characteristic Unilateral Bilateral P-value
Pain 17.50 + 6.83 18.33 + 5.77 0.736
Activity limitations 2.00 £ 2.07 1.67 £ 2.06 0.676
Maximum walking distance 2.38 +1.68 1.83 +1.03 0.331
Walking on any surface 2.25+1.34 2.00 £+ 1.47 0.644
Gait abnormality 3.00 +£1.78 2.33 £2.06 0.369
Sagittal motion 1.75 + 2.05 2.33 £ 2.06 0.464
Hindfoot motion 4.88 + 1.50 5.00 + 1.48 0.828
Ankle-hindfoot stability 1.00 + 2.73 2.00 + 3.62 0.412
Alignment 8.44 + 2.39 8.33 £ 2.46 0.911
Total score 43.19 £ 3.95 43.83 £+ 5.08 0.708
VAS 6.19 + 0.83 6.08 + 0.82 0.741

VAS, visual analogue scale

TABLE 4 Postoperative American Orthopedic Foot and Ankle Society (AOFAS) ankle hindfoot score, visual analogue scale (VAS) score,

and bone union time between patients with unilateral and bilateral ankle arthrodesis (mean + SD)

Characteristic Unilateral Bilateral P-value
Pain 36.88 £ 4.79 38.33 £+ 3.89 0.397
Activity limitations 8.88 + 1.50 7.59 +2.15 0.057
Maximum walking distance 4.31 £ 0.79 3.17 £1.27 0.013"
Walking on any surface 3.50 £ 0.89 1.50 + 1.57 0.001"
Gait abnormality 5.50 £+ 2.00 5.33 £1.97 0.828
Hindfoot motion 4.69 + 1.54 4.75 + 1.55 0.916
Ankle-hindfoot stability 8.0+ 0.0 8.0 £ 0.0 1
Alignment 10.0 + 0.0 10.0 + 0.0 1
Total score 81.75 £ 5.23 78.67 £5.05 0.124
VAS 1.69 + 0.70 1.58 + 0.79 0.717
Bone union time (weeks) 15.13 + 2.28 14.83 + 1.70 0.713

*Statistically significant
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Fig. 6 Female patient, 51 years old, with bilateral ankle osteoarthritis (OA). Ankle arthrodesis was performed with screw fixation through the
transfibular approach. (A) X-ray and CT of bilateral ankle before surgery. (B) X-ray of ankle joint 6 weeks after surgery. (C) Ankle X-ray 1 year after
surgery. (D) Outward observation of ankle 1 year after the surgery. The American Orthopedic Foot and Ankle Society (AOFAS) ankle hindfoot score
improved significantly after surgery, and the patient expressed satisfaction with the outcome.
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Fig. 7 Male patient, 42 years old, with post-traumatic osteoarthritis of the left ankle. Ankle arthrodesis was performed with screw fixation through
the transfibular approach. (A) X-ray of ankle joint before surgery. (B) X-ray of ankle joint 6 weeks after surgery. (C) X-ray of ankle joint 1 year after
surgery. The American Orthopedic Foot and Ankle Society (AOFAS) ankle hindfoot score improved significantly after surgery, and the patient
expressed satisfaction with the outcome.
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TABLE 5 Published studies involving more than 20 patients reporting on arthrodesis with screw fixation through the transfibular approach

with different types and numbers of screws, and different directions of implantation

Author, reference Number of Union
number, year patients Screw type and size Screw direction rate (%) Mean AOFAS

Fluckiger and 19 (20 3, 4.5, or 6.5-mm lag screws, Cross 100 78.5

Weber 23 ankles) cannulated 6.5-mm screw
Two 3.5-mm cortical screws.

Colman and 48 Three 6.5-mm compression Cross 96 High-risk
Pomeroy screws group:
(2007)%4 Two 6.5-mm compression screws 74

low-risk
group:
69

Akra et al. 25 (26 Two partially threaded cancellous Parallel from the lateral tibia to the 100 NA

(2010)*4 ankles) bone screws medial talus
Two to four parallel lag screws

Napiontek and 23 Two 6.3-mm or 7.0-mm Parallel from the lateral talus to the 95.7 76
Jaszczak cannulated screws medial tibia
(2015)%° Two cortical screws

Lee et al. 23 Two partially threaded 7.0-mm Parallel from the lateral talus to the 92 71
(2016)%° cannulated screws posteromedial tibia

Two fully threaded 3.5-mm
cannulated screws

Balaji et al. 29 Two 6.5-mm x 16-mm cancellous Cross 45° 100 74
(2017)*® screws

Two 4.5-mm cortical screws
Kim et al. ** 22 Two 7.0-mm hollow screws Cross 95.5 60.7
Two 3.5-mm cortical screws
AOFAS, American Orthopedic Foot and Ankle Society; NA, not available

American Orthopedic Foot and Ankle Society Ankle
Hindfoot Scores

The AOFAS ankle hindfoot score increased from the preop-
erative value of 43.46 + 4.39 points to 80.39 £ 5.37 points at
the last follow up, and significant difference existed between
them (t = —26.833, P <0.001). Excellent results were
obtained in 17 of the 28 cases, and good results in 11 cases.
The mean values of preoperative and postoperative AOFAS
ankle hindfoot scores of patients in the unilateral and bilat-
eral ankle arthrodesis groups are listed in Tables 3 and 4.
There were no significant differences in these values between
patients undergoing unilateral and bilateral procedures.
However, in daily activities, such as climbing stairs or slopes
and walking long distances, patients who received bilateral
ankle arthrodesis scored lower than those treated with unilat-
eral arthrodesis. Significant differences were also present in
maximum walking distance (4.31 =+ 0.79 points vs 3.17
=+ 1.27 points, P = 0.013) and walking on any surface (3.50
=+ 0.89 points vs 1.50 & 1.57 points, P = 0.001).

Visual Analogue Scale

The VAS score improved from 6.14 + 0.80 points to 1.64
£ 0.73 points. Postoperative VAS scores were markedly
improved in comparison with the preoperative values, and
the difference was statistically significant (¢t =23.812,

P <0.001). The mean values of preoperative and postopera-
tive VAS score of patients with unilateral and bilateral ankle
arthrodesis are listed in Tables 3 and 4. There were no signif-
icant differences in VAS score between patients undergoing
unilateral and bilateral procedures.

Radiographic Evaluation Results

Bone union of the ankle joint was achieved in all patients,
and in all 28 ankles subjected to arthrodesis, the bone union
rate was 100%. The mean time to bone union was 14.83
=+ 2.14 weeks (range, 12-21 weeks). The mean time to bone
union of patients with unilateral and bilateral ankle arthrod-
esis is listed in Table 4. There were no significant differences
in time to bone union between patients undergoing unilat-
eral and bilateral procedures. In all patients, the tibia and
talus were fixed firmly with headless compression full-thread
hollow screws and the fibula was firmly fixed to the tibia and
talus, without screw loosening, withdrawal, or breakage. Typ-
ical cases are shown in Figs 6 and 7.

Intraoperative Recommendations
When cleaning up the articular surface, the osteophyte
on the medial side of the talus should be removed as
much as possible; otherwise, it will lead to a forward
positioning of the talus and affect the optimal position



1117

ORTHOPAEDIC SURGERY
VoLuME 12 + NUMBER 4 « AuGusT, 2020

of the ankle joint. The spreader was used to expand the
osteophyte on the medial side of the talus. For the
patients with more osteophyte on the medial side of the
talus, a medial incision can be performed to clean up
the osteophyte on the medial side.

Care should be taken when drilling the articular surface,
because the drill may penetrate the subchondral bone
and damage the tibia and talus, particularly in patients
with osteoporosis.

The tibia and talus should be in a vertical position dur-
ing osteotomy. The vertical orientation is difficult to
judge by the naked eye, and excessive osteotomy may
result in limb shortening or ankle joint varus and val-
gus. Kirschner wire can be used to assist in judging
whether the direction of the osteotomy is vertical. In
addition, the best positions of the talus and tibia can be
fixed by Kirschner wire. Intraoperative fluoroscopy can
help to achieve the best fixation position.

Complications

One patient developed superficial peroneal nerve palsy after
the surgery, manifested predominantly as numbness and
pain on the lateral calf and back of the foot, and a marked
decrease in sensation when touched. This condition resolved
1 year after the operation with the use of neurotrophic drugs.
Healing of the incision skin was delayed in another patient,
which resolved within 1 month after the operation with con-
tinuous dressing change.

Discussion

Summary of the Major Results of the Study

The primary aim of this study was to evaluate the clinical
effect of ankle arthrodesis with screw fixation through the
transfibular approach for end-stage ankle OA. In comparison
with the preoperative values, postoperative AOFAS ankle
hindfoot scores and VAS scores were markedly improved. In
this single-surgeon series, a 100% bone union rate with a
7.1% overall complications rate was achieved in 22 patients
(28 ankles), showing that ankle arthrodesis with screw fixa-
tion through the transfibular approach provides satisfactory
clinical outcomes for end-stage ankle OA. This procedure
ensures a high bone union rate and strong stability, elimi-
nates ankle pain, corrects the deformity, and significantly
improves ankle function. The postoperative AOFAS ankle
hindfoot score and the VAS score in patients undergoing
bilateral ankle arthrodesis were not significantly different
from those in patients undergoing the unilateral procedure.

Advantages of Ankle Arthrodesis with Screw Fixation
through the Transfibular Approach

Successful ankle arthrodesis depends on a proper surgical
approach, fixation with a tight compression, proper limb
force lines, and a good bone union by achieving broad, flat
cancellous surfaces placed in apposition'>'*. The advantages
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of ankle arthrodesis with screw fixation through the trans-
fibular approach are analyzed below.

Transfibular Approach

Horwitz (1942) was the first to describe a transfibular
approach to ankle fusion that used the fibula as an additional
source of stabilization of the fusion construct'®. Later, Holt
and coworkers'® modified the transfibular ankle arthrodesis
by using a fibular-onlay strut graft combined with rigid
internal fixation. The transfibular approach can fully expose
the joints, completely remove cartilage and sclerotic bone,
and facilitate the correction of varus and valgus deformities
of the foot. In addition, the transfibular approach retains
subchondral bone, reduces limb shortening, and ensures a
wide contact area and good stability'’. Arthroscopic ankle
arthrodesis shortens the length of surgery and hospitaliza-
tion, and reduces postoperative complications. The union
rate is not significantly different from that of open ankle
arthrodesis '®'®. However, with this technique, the scope of
arthroscopic treatment of joints is limited, the rectifying abil-
ity is not as good as that of open surgery, and the correction
of severe deformities is challenging. Compared with the soft
tissue encountered in the anterior incision of the ankle, the
lateral soft tissue of the ankle is thicker, reducing the inci-
dence of complications such as incision infection, dehiscence,
and delayed healing'’. Moreover, the risk of intraoperative
nerve damage is low with the transfibular approach'®. In
addition, this technique ensures good condition of the soft
tissue in front of the ankle, making future total ankle
replacement more feasible*’.

Autologous bone graft, harvested from the fibula®', can
facilitate bone union. Autologous graft bone can be obtained
from the inside of the fibula. In addition, Ieong and collabo-
rators”’ described a safe and effective method of osteotomy
to obtain a structural bone graft. In this protocol, the osteo-
tomy is performed with an inclination of approximately 30°
at an interval of 2-3 mm at the distal fibula. In a manner
similar to the fracture healing process, the osteotomy pro-
vides sufficient blood supply to the arthrodesis surface and
improves the union rate'**°. However, this approach
requires additional screws to fix the severed fibula. Biome-
chanical experiments have documented that a screw-fixed
fibula functions as a stable support structure, similarly to the
lateral compression steel plate, counteracting internal and
external rotation and improving the stability of the ankle
joint®®. In addition, the distal fibula maintains the shape of
the original ankle joint, improving patient satisfaction®.

Screw Fixation

Tight compression fixation is critical for successful ankle
arthrodesis'**°. The types of fixation of ankle arthrodesis
can be divided into internal and external fixation. Internal
fixation is most commonly used because it provides good
stability and a compression effect. Internal fixation requires
screws, steel plates, and a retrograde intramedullary screw.
Screw fixation is most frequently used for internal fixation
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due to its high stability, maintenance of the normal shape of
the ankle joint, and preservation of the equal length of lower
limbs’. In the published literature, arthrodesis through the
trainsfibular approach has demonstrated satisfactory bone
fusion rates!>'*1723-26 (Table 5). In the present study, two
or three 7.3 X 60 mm headless compression full-threaded
cannulated screws were used to cross-fix the tibiotalar joint,
and three or four 3.5 X 34 mm cortical screws were used to
fix the fibula to the tibia and talus. As a new type of internal
fixation screw, a headless compression hollow screw is
designed to have the mechanical characteristics of taper, full
thread, and thread pitch change, which can continuously
compress the tibia and talus, promoting the healing of bone
and enhancing the stability of the joint complex. In addition,
the headless design eliminates the need for conventional
countersunk head treatment. Hollow screws are more resis-
tant to bending than cancellous screws. A hollow screw
could be easily inserted under the guidance of real-time radi-
ography using a guide pin, and accurately fixed in the
required position. This approach ensured that a strong union
was achieved in all cases.

Ankle Force Line

A proper ankle force line is critical for postoperative ankle
function and prevention of complications. Ideal alignment
includes a neutral ankle flexion, 0-5° of valgus, and neutral
to a slight external rotation position. Intraoperative position,
incision exposure range, osteotomy angle, and the ability to
assess the perspective image after temporary fixation all
affect the final angle and position of arthrodesis. In ankle
alignment, the varus and talus being placed forward should
be avoided, because this results in domed gait and knee joint
pain. Mild valgus can facilitate the dispersion of stress and
maximize the compensatory ability of subtalar and transverse
tarsal joints. For tibial osteotomy, the axis of the tibia should
be vertical to avoid multiple osteotomies and unnecessary
bone loss.

Surgical Complications and Prevention

In the current study, 1 patient with severe deformity of an
old ankle fracture suffered from poor healing of the incision
due to the contracture of the soft tissue around the lateral
malleolus and poor blood supply around the surgical margin.
The dressing was changed daily through the incision, and
the incision finally healed 1 month after the surgery. There-
fore, the skin and blood circulation of patients should be
evaluated before the operation. For patients with old surgical
scars, smoking history, diabetes, skin disease, and other dis-
eases impacting the healing of the incision, an active adjust-
ment should be made before the operation. In addition, the
anterior tibial artery and its branches may be injured by the
transfibular approach. Therefore, attention should be paid to
avoid injury of blood vessels during the procedure. Another
patient experienced damage to the superficial peroneal nerve,
and the symptoms resolved within 1 year after surgery
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through the use of neurotrophic drugs. Using the transfibular
approach may damage the superficial peroneal nerve due to
several risk factors, such as the proximity of its intermediate
branch and the deep peroneal nerve to the interosseous
membrane, and its highly variable course®”. The superficial
peroneal nerve should be protected during surgery. During
the follow-up period, none of the patients developed an
infection of the incision or local skin necrosis; loosening,
withdrawal, or breakage of the screws also did not occur.

Bilateral Ankle Arthrodesis

Currently, unilateral ankle arthrodesis provides good clinical
outcomes but there are only a few reports on the bilateral
procedure. Houdek and coworkers®® analyzed the ankle
function and radiological results in 31 patients who under-
went bilateral ankle arthrodesis. The mean follow-up time
was 11.2 years. Although most patients had adjacent arthritis
at the last follow up, the ankle function was adequate. From
the preoperative evaluation to 2, 5, and 10 years postsurgery,
the improvement in the AOFAS ankle hindfoot score of the
bilateral ankle joints was significant, despite a downward
trend between 2 and 10 years after the surgery. At 10 years,
the foot and ankle ability were close to normal in 71% of the
patients. Vaughan and collaborators® reported 8 patients
who underwent bilateral ankle arthrodesis, with a median
follow-up time of 58.5 months. At the last evaluation, the
median AOFAS ankle hindfoot score was 79.5, and the
patient satisfaction rate was 87.5%. Henricson and col-
leagues®® performed 35 bilateral ankle arthrodesis proce-
dures, with a mean follow-up period of 47 months. The
patients were satisfied or very satisfied with the outcomes for
64 of the 70 ankles (91%). Maenoharay and coworkers®! ana-
lyzed 20 patients with ankle arthrodesis, including 10 patients
with bilateral and 10 patients with unilateral surgery, and
used the Japanese Society for Surgery of the Foot (JSSF) scale
and the Self-Managed Foot Evaluation Questionnaire (SAFE-
Q) to evaluate clinical results. Except for the social function
in SAFE-Q, the scores of patients with bilateral ankle
arthrodesis were significantly lower than in patients with
unilateral ankle arthrodesis. The other scoring items proved
that there was no significant difference in the clinical effect
of unilateral and bilateral ankle arthrodesis. The current
study did not identify significant differences in the AOFAS
ankle hindfoot score and VAS score between unilateral and
bilateral ankle arthrodesis. However, in daily activities, such
as climbing stairs or slopes and walking long distances,
patients who received bilateral ankle arthrodesis scored
lower than those treated with unilateral arthrodesis. There-
fore, we conclude that bilateral ankle arthrodesis represents
an acceptable treatment for bilateral end-stage ankle
arthritis.

Limitations of the Study
The study included a small number of patients, was designed
as a retrospective analysis, and did not include a comparison
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with other internal fixation methods. In addition, the follow-
up time was short. Due to these factors, the conclusion
reached may be biased. A prospective clinical study is
planned to compare the efficacy of arthrodesis performed
using screw fixation through the transfibular approach with
other techniques. To compare the difference between uni-
lateral and bilateral ankle arthrodesis, more patients will be
included. We will continue to follow up medium-term and
long-term clinical effects of ankle arthrodesis with screw
fixation through the transfibular approach.

END-STAGE ANKLE ARTHRITIS BY ARTHRODESIS

Conclusion

The ankle arthrodesis with screw fixation through the trans-
fibular approach provides satisfactory clinical outcomes for
end-stage ankle arthritis.
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