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Abstract
Background

In the late stage of traumatic ankle arthritis, the pain symptoms are aggravated and the joint function is
obviously limited. However, in the face of young patients with high activity requirements, there are still
great challenges in how to preserve the joint and effectively treat traumatic ankle arthritis. Ankle
distraction arthroplasty and supramalleolar osteotomy are both options for such medical condition, but
the studies comparing their clinical outcomes have been scarce. The purpose of this study is to compare
the clinical outcomes of ankle distraction arthroplasty and supramalleolar osteotomy in the treatment of
severe traumatic ankle arthritis in young adult patients.

Methods

This was designed a retrospective study, enrolling 73 consecutive young adult patients who underwent
ankle distraction arthroplasty (n=32) or supramalleolar osteotomy (n=41) for post-traumatic ankle
arthritis from January 2017 to December 2020. All patients had at least 24-month follow-ups. The
outcome measures were the comparisons of the pre- and postoperative visual analog scale (VAS) for
pain relief, the American Orthopedic Foot & Ankle Society (AOFAS) ankle-hindfoot scores, angle range of
motion (ROM), complications, patient-rated overall satisfaction and radiological evaluation of changes in
ankle joint space width (JSW).

Results

Seventy-three patients (73 ankles) (100%) returned for �nal evaluation at an average of 32 months
(range, 24 to 48 months) follow-up. At an average of 6 months follow-up, both groups achieved
signi�cantly improved VAS, AOFAS, ROM and JSW scores compared to those at baseline ( p<0.05), but
not signi�cantly differed between groups (all p>0.05). Either, both groups did not differ in in the tibial
anterior surface angle(TAS), talar tilt angle(TT), tibial lateral surface angle(TLS), except for the correcting
the load-bearing line of the ankle and hindfoot. However, at the last follow-up, patient satisfaction and
ankle function scores in the ankle distraction arthroplasty group showed a downward trend, while the
function scores in the supramalleolar osteotomy group showed an increasing trend, which was
statistically signi�cant.

Conclusions

Both ankle distraction arthroplasty and supramalleolar osteotomy are effective treatment options for the
severe post-traumatic ankle arthritis in the young adult patients. From the long-term follow-up, however,
supramalleolar osteotomy is better than ankle distraction arthroplasty in ankle score and patient
satisfaction evaluation.

Level of evidence: Level III, retrospective comparative series.
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Introduction
Ankle arthritis is an important cause of pain and functional limitation and ultimately leads to limited
mobility and dysfunction [1]. At present, the number of patients with traumatic ankle arthritis is also
gradually increasing [2]. It has been estimated that 20%–40% of patients with acute ankle trauma like
ankle sprain would develop chronic sprain, leading injury or even rupture of the lateral ligaments of the
ankle, causing chronic lateral ankle instability and the secondary post-traumatic ankle arthritis [3][4][5].
The recent reports showed that the young patients were the predominant for this arthropathy and the
incidence seemed on the rise [6][7]. But a suitable treatment modality for young adult patients is very
challenging. Currently, there is well-established consensus that ankle arthrodesis is the standard
treatment for the end-stage traumatic ankle arthritis, which typically presents with persistent swelling
around the ankle with pain, loss of normal bone structure of the tibiotalar joint surface and basic loss of
function [8][9]. Ankle arthroplasty in the treatment of end-stage ankle arthritis can preserve the ankle
range of motion, but at the expense of removing the tibiotalar articular surface [10]. Although the
symptoms of ankle arthritis can be relieved in the short term, there are many complications in the later
stage [11]. For young patients whose conservative treatment is ineffective, alternative treatment methods
should be selected as far as possible for ankle arthrodesis or replacement and it is very important to
preserve the range of motion of the joint to a certain extent. Although both ankle distraction arthroplasty
and supramalleolar osteotomy can delay the development of the disease as an alternative to the
treatment of severe traumatic ankle arthritis, but with respective advantages and disadvantages. By far
as we know, there are no studies directly comparing the outcomes of both surgical methods. 

Considering the increasing importance of evidence-based data on decision-making for the surgical option
for this increasingly growing arthropathy in the young patients, it is necessary to clarify the respective
advantages and disadvantages of surgical methods to facilitate the effective management. Given that,
we designed this study, with aims to compare the clinical outcomes between ankle distraction
arthroplasty and supramalleolar osteotomy for severe ankle arthritis, in terms of pain relief, functional
recovery and postoperative complications.

Materials And Methods
This was a retrospective study. The study protocol was approved by the institutional review board of the
Third Hospital of Hebei Medical University and all patients provided the written informed consent. 

The inclusion criteria were age <60 years; stage 4 post-traumatic ankle arthritis classi�ed as Takakura-
Tanaka classi�cation, ankle pain and swelling lasting >6 months and failure of conservative treatment;
absence of past any surgical procedure around the ankle; complete pre- and postoperative data and
imaging examinations, and the follow-up of at least 24 months.

The exclusion criteria were recent infection around the ankle; history of ankle fracture; other serious
deformities or diseases of the foot and ankle, such as clubfoot or diabetic foot; incomplete medical
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record data or lost to follow-up or follow-up period <24 months. Additionally, surgery is contraindicated
for those with congenital collagen de�ciency; bodyweight >120 kg; severe heart disease; lesions affecting
liver and kidney function; severe diabetes; central nervous system diseases; or others.

The above criteria identi�ed 73 consecutive patients who underwent either ankle distraction arthroplasty
(n=32) or supramalleolar osteotomy (n=41) for treatment of Takakura-Tanaka stage 4 post-traumatic
ankle arthritis after failure of conservative treatment from January 2017 to December 2020.

Among ankle distraction arthroplasty group, there were 19 men and 13 women, with an average age of
39.8±11.8 years; left ankle was affected in 14 and right in 18 patients; 21 had a clear history of ankle
trauma and 11 with unknown etiology. Among supramalleolar osteotomy group, 27 were men and 14
were women, with an average of 41.1±10.9 years; left ankle was affected in 17 and right in 24 patients;
29 had a clear history of ankle trauma and 12 with unknown etiology. Preoperative evaluation of all
patients included a detailed history ankle arthritis, presence of comorbidities, physical examination, and
imaging examination. The ankle joint space width (JSW), tibial anterior surface angle (TAS), talar tilt
angle (TT) and tibial lateral surface angle (TLS) were measured. CT was performed to evaluate the
condition of the subtalar and tibiotalar joints.

Operative procedures
The supramalleolar osteotomy group received prophylactic intravenous antibiotics 30 minutes prior to
skin incision. After anesthetic induction, the patient was placed in supine position then a tourniquet was
placed at the proximal extremity. A 4-cm longitudinal incision was made in the middle of the anterior
ankle to expose the ankle joint cavity and assess whether there was contact between the ankle and tibial
joint surfaces. Intraoperatively, lip-like hyperplasia of the tibial joint surface and hyperplasia of the lateral
talar surface can be observed, and the passive movement of the ankle was limited. The proliferative bone
was removed, and the ankle was moved passively until the range of motion was close to normal. Patients
with achilles tendon contracture or gastrocnemius tension should be treated with achilles tendon
extension or gastrocnemius muscle release. If the range of motion of the ankle cannot be improved after
extension or release, the posterior joint capsule of the ankle needs to be incised. The joint cavity was
washed with normal saline and the surgical incision was sutured. A Kirschner wire was used as an
osteotomy guide 4–5 cm above the ankle joint. After the osteotomy direction was con�rmed on X-ray
�uoroscopy, the medial, anterior, and posterior cortices were cut from the anterolateral side parallel to the
articular surface of the distal tibia, and the contralateral cortices and periosteum were retained to form a
hinge when the osteotomy was opened and were inserted into the wedge-shaped bone block to increase
the stability. After satisfactory correction of the varus deformity, a Kirschner wire was used for temporary
�xation. Autogenous or allogeneic bone was implanted at the osteotomy site. An anatomical steel plate
was used to �x the osteotomy end and afterwards the incision was closed.

The ankle distraction arthroplasty group underwent the same preoperative preparation and the same
ankle debridement procedure as the supramalleolar osteotomy group. The ankle joint was placed in a
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neutral position and the annular external �xator was placed in a suitable position with the extension rod
directly opposite the ankle joint activity center. A 2.0-mm-diameter Kirschner wire was used to drill 8 cm
below the knee joint, and then two Kirschner wires were drilled 5 cm above the ankle joint and parallel to
the knee joint; one Kirschner wire was �xed in front of the calcaneal tubercle, and the other one was �xed
in the metatarsal base of the anterior foot. Each ring was reinforced with a threaded needle.

Postoperative rehabilitation
  The incision was routinely dressed and intravenous prophylactic antibiotics were administered. The
Kirschner wire hole was wiped with iodophor every day to prevent sinus tract infection. To promote
functional recovery of the ankle and prevent postoperative stiffness, both groups began early
postoperative rehabilitation exercises. From postoperative day 1, patients were instructed to exercise the
toes and quadriceps femoris to prevent lower-extremities deep venous thrombosis. At 1 week
postoperatively, the ankle was radiographed from the anteroposterior and lateral aspects. In the ankle
distraction arthroplasty group, the ankle joint cavity was gradually stretched by about 0.5 mm every day
and adjusted every 12 hours until the ankle joint space was pulled out by 5 mm. The ankle was full
loaded by 7 days postoperatively. At 3 months postoperatively, the external �xator was removed and
ankle rehabilitation training was commenced. 

Outcome Measures
All patients were assessed by independent investigator preoperatively and at 6 months and the last
follow up postoperatively. Routine radiological examination comprised anteroposterior and lateral
radiographs or CT of the ankle. A goniometer was used to measure the ankle angle (TAS, TT, and TLS)
and compare them between preoperative and postoperative recorded values. Ankle range of motion was
measured, including the ranges of varus, valgus, dorsi�exion, and plantar�exion. 

The American Orthopedic Foot & Ankle Society (AOFAS) ankle-hindfoot score was used to objectively
evaluate the pain, ankle function, gait, and force line of the affected ankle and was rated as excellent
(90–100 points), good (75–89 points), fair (50–74 points), or poor (0–50 points). Visual analog scales
(VAS) scores for used for evaluate pain. At the last visit, patients were asked to rate their overall
satisfaction with their surgical results as excellent, good, fair, or poor (Table 1). To reduce errors and
ensure the accuracy of data, all measurements were independently performed by three investigators, and
the average of the three results for any measurement was used in the analysis.

Results
The average follow-up duration was 32 months, ranging from 24 months to 48 months. 6 months after
operation, pain and swelling around the ankle were signi�cantly improved in 95% of patients in both
groups. Only a small percentage of patients experience minor complications. However, at last follow-up,
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patients in the ankle distraction arthroplasty group had more complaints, which will be described in detail
later. All patients underwent ankle x-rays and CT results after surgery. At the last postoperative follow-up,
the imaging results showed that the osteotomy area of all patients was bony union.

Satisfaction evaluation
At 6 months after the operation and at the last follow-up, among ankle distraction arthroplasty group, the
patient satisfaction ratings were as follows: The extent of satisfaction was rated as excellent by 15
(46.9%) and 10 (31.3%)patients, good by 10 (31.3%) and 11(34.4%), fair by 5 (15.6%) and 9 (28.1), and
poor by 2 (6.3%) and 2 (6.3%). Among supramalleolar osteotomy group, the satisfaction was rated as
excellent by 20 (48.8%) and 24 (58.5%) patients, good by 15 (36.6%) and 16(39.0%), fair by 4 (9.8%)and
0, poor by 2 (4.9%) and 1 (2.4%). At 6 months after the operation, the excellent and good rate was not
signi�cantly different between two groups (78.2% versus 85.4%, p=0.422). But, at the last follow-up, the
satisfaction of ankle distraction arthroplasty group (65.6%) was signi�cantly lower than that of
supramalleolar osteotomy group (97.5%), which was statistically signi�cant (p 0.05).

Ankle function and imaging
At �nal follow-up, the ankle range of motion and ankle space of the two groups were signi�cantly
improved compared with those before operation, but there was no signi�cant difference between the two
groups (P>0.05) (Table 2). There were no signi�cant differences regarding the �nal postoperative imaging
parameters of TAS (92.1±3.9 vs 86.2±4.1, P=0.074), TT (2.8±2.0 vs 3.2±1.3) and TLS (82.1±6.5 vs
81.2±2.5, P=0.524) (Table 3); but supramalleolar osteotomy performed signi�cantly better than ankle
distraction arthroplasty in correcting talus varus deformity and restoring lower limb alignment, namely
the absolute difference between postoperative and preoperative parameters (TAS, 11.9±3.6 vs 1.5±2.2,
P<0.001; TT, 3.7±2.3 vs 1.3±1.6, P=0.003; TLS, 5.9±3.3 vs 2.8±1.9, P=0.001). 

Ankle function and pain score
The mean AOFAS and VAS pain scores were signi�cantly improved postoperatively compared with
preoperatively in both groups (both P < 0.001). The ankle distraction arthroplasty had a similar mean
AOFAS score (85.8±6.4) and VAS pain score (1.4±1.3) as the supramalleolar osteotomy group (AOFAS
score 88.2±7.2, VAS pain score 1.1±1.4) at 6 months after the operation. At the last follow up, the AOFAS
and VAS scores of the ankle distraction arthroplasty group were (79.7±5.9) and (3.1±1.4) respectively; the
AOFAS and VAS scores of the supramalleolar osteotomy group were (92.1±4.5) and (0.9±1.2)
respectively; the scores of patients in the supramalleolar osteotomy group were better than those in the
ankle distraction arthroplasty group, which was statistically signi�cant (p 0.05). 
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Complication
In the 6 months postoperative, the surgical incision healed well in the two groups. The tibial osteotomy
area did not have any complications such as bone nonunion, incision infection or poor healing, ankle
instability, and there was no loosening or falling off of the internal �xation. No signi�cant difference for
complication prevalence rate was found between both groups (28.1% vs 17.1%, P=0.257). 

At the last follow up, there were eleven complications in the ankle distraction arthroplasty group,
including persistent chronic ankle pain in three patients who �nally underwent ankle arthrodesis at 31
months after the index operation, readjustment of the external �xator due to an accident in one patient,
ankle stiffness and swelling in seven patients. There were three complications in the supramalleolar
osteotomy group, including one case of scar contracture, two patients presented with ankle pain and
swelling. The number of complications in the supramalleolar osteotomy group was less than that in the
ankle distraction arthroplasty group.

Discussion
Post-traumatic ankle arthritis is very common in clinical practice and is increasingly affecting young
adult patients. But a suitable treatment modality for young adult patients is very challenging [6]. Various
surgical treatment regimens have been used in clinical practice [9, 12][13][14][15][16]{Kim, 2021
#21;Lindsey, 2020 #25;Liu, 2020 #20;Ma, 2020 #26;Woo, 2020 #34;Zeininger, 2021 #18}, but the optimal
option remains unclari�ed. The present study retrospectively analyzed 73 patients with severe post-
traumatic ankle arthritis treated with either ankle distraction arthroplasty or supramalleolar osteotomy.
The results suggest that both surgical methods can effectively treat traumatic ankle arthritis and relieve
pain symptoms, especially in the early stage; However, in the long-term follow-up, the supramalleolar
osteotomy was highly evaluated in ankle function score and patient satisfaction. 

The pain in ankle arthritis is caused by �uid from the joint entering the subchondral bone due to
pressure[17]. While ankle distraction arthroplasty could reduce the abnormal mechanical stress of the
ankle through physical means, promote the intermittent �ow of synovial �uid in the joint, proteoglycan
metabolism, reduce in�ammatory reaction, repair cartilage atrophy, and then enhance bone repair activity
and increase the thickness of articular cartilage and therefore slow down the degeneration of ankle
cartilage [18]. Ankle distraction arthroplasty can be a pre-treatment before ankle fusion or replacement
surgery in young patients. This procedure has proved to be effective in relieving pain and restoring the
ankle function [19][20][21][22][23]; Marijinissen et al [24] followed up 11 patients for at least 2 years after
arthroplasty and reported signi�cant improvements in pain and functional scores, suggesting that
arthroplasty signi�cantly relieve pain, preserve joint range of motion, and delay or reverse trauma.
However, the relatively low effective rate, inconvenience and longer period of treatment may limit its more
extensive use in practice [25]. Additionally, the gradually lowering postoperative satisfaction over time
should be considered and for patients with obvious ankle valgus deformity, ankle joint distraction
arthroplasty alone cannot correct the deformity.
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In the early postoperative period, although ankle symptoms were signi�cantly improved, and we did not
�nd the signi�cant difference in overall satisfaction rate and ankle function score. At the last follow-up,
However, the tendency towards lower value in those treated by ankle distraction arthroplasty (excellent
and good rate of 65.6% versus 97.5% for supramalleolar osteotomy). This may be caused by the higher
rate of complications associated with ankle distraction arthroplasty, including sinus tract infection,
�xation failure, di�culty in moving after surgery, and the need for frequent reviews and external �xation
adjustments [19].

The superiority of supramalleolar osteotomy over distraction arthroplasty is the ability to correct the load
line of the ankle and hindfoot and to correct the distal tibial deformity in the coronal and sagittal
planes[26][27]. Supramalleolar osteotomy could transfer the stress to the cartilage area that is normal or
not been seriously degraded by the means of adjusting the force line of the tibia. In this study,
supramalleolar osteotomy proved to better correct talus varus deformity and restore the lower limb
alignment, consistent with the previous �ndings [28][29], therefore, facilitating delaying the further
development of ankle arthritis. Of note, patients with chronic ankle instability caused by severe injury or
repeated multiple injuries may develop increased stress in the asymmetric joint spaces, forming painful
asymmetric ankle arthritis and ankle point mismatch [30], thus additionally requiring osteotomy surgery
to restore the lateral stability [31]. 

The second advantage of supramalleolar osteotomy is the relatively lower rate of postoperative
complications, with postoperative ankle stiffness as the primary one. Others reported complications
involved bone union issues at the osteotomy site, and surgical wound related issues, such as dehiscence
and infection. In the present study, we reported an average overall complicate rate of 7.3% [32][33].
Despite the above-mentioned advantages, supramalleolar osteotomy was not overwhelmingly
recommended, partly due to the need for a second operation to remove the internal �xation material. 

In this study, osteophyte removal of the ankle joint and release of the achilles tendon or gastrocnemius
muscle were performed. This surgical method can fully expose the ankle joint and completely remove the
hyperplastic osteophyte and synovial tissue; although this surgical method is an adjuvant operation
However, to a certain extent, it delays the development of the ankle joint, improves the range of motion of
the ankle joint, restores the function of the ankle joint, and improves the success rate of the operation [34]
[35]. This further ensures the effectiveness of surgical treatment. It is worth noting that damage to the
super�cial peroneal nerve should be avoided during the procedure.

This study suffered from several limitations. First, the retrospective design might impede the accuracy
and precise in collecting the data and these data cannot be veri�ed. The use of average values for some
outcome measures conducted by 3 independent investigators might compensate for this limitation.
Second, due to the limited use in our institution, we included only 73 eligible patients for data analysis,
making the comparison not de�nitely conclusive. It is possible the true differences for some outcome
variables are withheld to detect by such limited sample, namely the type  statistical error. Third, these
operative procedures were completed by general orthopaedic surgeons (n=7) and foot and ankle
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surgeons (n=4), in whom the experience can be different, thus affecting the results. Also, due to the very
limited number of procedures for a certain surgeon, we could not make a direct comparison between
them. Fourth, this is a single-certain study, limiting the generalizability of our results to other settings. The
well-designed large sample studies are warranted to verify our results and to provide a robust evidence
for improving the management of this chronic bone condition.  

Conclusions
This study demonstrated that both ankle distraction arthroplasty and supramalleolar osteotomy are
effective treatment methods for the severe post traumatic ankle arthritis in the young adult patients.
Especially in the early follow-up, it can signi�cantly alleviate the persistent pain of the ankle and preserve
the mobility of the ankle, It is an effective method to avoid arthrodesis and replacement. However,
through long-term follow-up, it is found that the curative effect of supramalleolar osteotomy is better than
distraction arthroplasty.
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Rating Description

Excellent Full range of motion equal to the contralateral ankle without pain. Un-restricted work or
sports activity.

Good Functional range of motion and stable ankle. Able to return to the previous level with
minimal pain with work or sport activity

Fair Functional range of motion, good stability, moderate level of pain, and/or stiffness with
activities of daily living and sports activity.

Poor Persistent instability or pain, the same or worse than before surgery.

Table 3   

Comparison of ROM and JSW between the two groups at the last follow-up.

  Ankle Distraction Arthroplasty Supramalleolar Osteotomy t* P*

Preoperative Postoperative Preoperative Postoperative

Plantar�exion (°) 23.3±3.7 31.8±4.2 25.1±4.8 30.4±3.6 4.318 0.224

Dorsi�exion (°) 17.5±5.8 30.4±6.4 23.8±6.1 28.3±5.5 4.976 0.104

Varus (°) 23.6±6.0 32.1±4.5 22.7±4.2 29.1±3.1 3.393 0.290

Valgus (°) 19.8±4.1 28.4±3.7 20.0±3.4 27.2±2.8 3.686 0.378

JSW (mm) 1.37±0.34 2.31±0.46 1.41±0.32 2.40±0.39 4.784 0.425

*The T value and P value in this table represent the postoperative between-group comparison for the
ROM and JSW parameters.

Table 3

Comparison of imaging angles between the two groups of patients.

  Ankle Distraction Arthroplasty Supramalleolar Osteotomy *t *p

Preoperative Postoperative Preoperative Postoperative

TAS (°) 84.7±5.7 86.2±4.1 80.2±4.6 92.1±3.9 1.063 0.074

TT (°) 4.5±2.1 3.2±1.3 6.3±3.4 2.8±2.0 0.544 0.161

TLS (°) 78.4±3.9 81.2±2.5 76.2±5.8 82.1±6.5 0.138 0.524

*The T value and P value in this table represent the postoperative between-group comparison for the
radiographic parameters.
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Figures

Figure 1

Ankle distraction arthroplasty group: Preoperative ankle joints in anteroposterior and lateral positions;
The space of ankle joint was narrow, osteophytes were found in the anterior tibia and dorsal talus
articular surface, the medial and lateral malleolus became sharp, the articular surface of talar dome was
inclined to the medial side of the distal tibia, and the ankle was slightly varus.

Figure 2
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Ankle distraction arthroplasty group: CT coronal and sagittal images of ankle joint showed that the space
of ankle joint was narrow, the osteophyte of anterior tibia was proliferated obviously, the space of medial
ankle joint was occluded, the contact of subchondral bone was limited to the medial side, the bone of
medial talus was sclerotic and cystic changes appeared, and the medial malleolus became sharp
obviously.

Figure 3

Ankle distraction arthroplasty group: The osteophyte in front of the ankle joint was seen during the
operation and completely removed.
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Figure 4

Ankle distraction arthroplasty group: Seven days after operation, the ankle joint X-ray showed that the
ankle joint space was slightly widened, and the osteophytes on the front of the tibia had been removed.
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Figure 5

Ankle distraction arthroplasty group: The anteroposterior and lateral X-ray of ankle joint 1.5 months after
operation showed that the ankle joint space was almost normal, and the anterior lip of ankle joint did not
proliferate.



Page 18/18

Figure 6

Supramalleolar osteotomy group: A is the preoperative lateral, anterior and calcaneal axis X-rays,
showing ankle varus deformity and ankle arthritis; B. intraoperative localization of supramalleolar
osteotomy and internal �xation; C 2 months after operation, the force line of ankle joint was good and the
ankle joint space was clear.


