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Abstract Clinical and biomechanical trials have shown
that rigid internal fixation during ankle arthrodesis leads to
increased rates of union and is associated with a reduced
infection rate, union time, discomfort and earlier mobilisation compared with other methods. We describe our
technique of ankle arthrodesis using anterior plating with
a narrow dynamic compression plate (DCP). Between 2004
and 2007, 29 patients with a mean age of 24.4 years (range
18–42) had ankle arthrodesis using an anteriorly placed
narrow DCP. Twenty-two patients were post-traumatic and
seven were paralytic (five after spine fracture and two after
common peroneal nerve injury). Follow-up was between 12
and 18 months (average 14 months). A rate of fusion of
100% was achieved at an average of 12.2 weeks. According
to the Mazur ankle score, 65.5% had excellent, 20.7% good
and 13.8% fair results. Ankle arthrodesis using an anteriorly placed narrow DCP is a good method to achieve ankle
fusion in many types of ankle arthropathies.

Introduction
Ankle arthrodesis has become a well-established surgical
procedure for severe ankle arthropathy. The rate of union
varies according to the surgical technique and the type of
patient. While successful results have been reported by
many [1, 2], nonunion rates as high as 40% [3] have been
described. Numerous complications have been reported
including nonunion, delayed union, breakdown of union,
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pin tract infection, delayed wound healing, skin necrosis
and below knee amputation for intractable pain and
infection [4–7]. To date more than 30 different methods
have been reported with different surgical approaches,
articular surface preparation, types of fixation, use of bone
graft and postoperative care [8, 9]. Clinical and biomechanical trials have shown that rigid internal fixation leads
to increased rates of union and is also associated with a
reduced infection rate, a decreased time of union, less
discomfort, and earlier mobilisation compared with other
methods [9, 10].
This study aimed at assessing the rate, time of union and
complications using anterior plating for ankle arthrodesis.

Patients and methods
Between 2004 and early 2007, 29 patients had ankle
arthrodesis using anteriorly-placed narrow dynamic compression plates (DCP) (Table 1). Twenty-one were males
and eight were females with a mean age of 26 years (range
18–42 years); 18 were right-sided and 11 were left.
Twenty-two were post-traumatic and seven were paralytic (five residual paralysis after spine fracture and two
after common peroneal nerve injury). The follow-up period
averaged 14 months (range 12–18 months).
Operative technique
Through a midline longitudinal incision in the front of the
lower leg and along the talus, the cartilage surfaces of the
ankle joint were removed to expose the cancellous layer of
subchondral bone including the medial and lateral maleoli.
The talus was manually compressed under the tibia and
held by a standard AO narrow DCP which was appropri-
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Table 1 Aetiology, time to fusion, complications and final result
Case number

Age (y)

Gender

Side

Cause

Time to fusion (weeks)

Complications

Results

1
2
3
4
5
6
7
8

20
29
28
36
42
22
23
32

M
M
M
F
F
M
M
M

R
R
R
L
L
R
L
L.

Trauma
Trauma
Trauma
Trauma
Paralytic
Trauma
Trauma
Paralytic

8
12
8
12
28
8
10
28

Midtarsal pain
Midtarsal pain

Excellent
Excellent
Excellent
Good
Fair
Excellent
Excellent
Fair

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

18
24
22
25
30
20
23
25
24
19
20
19
23
20
20
27
30
20

M
M
M
M
M
M
M
M
F
M
M
F
F
M
M
F
M
F

L
L
R
L
R
R
L
L
R
R
R
L
R
R
R
R
L
R

Paralytic
Trauma
Trauma
Trauma
Trauma
Paralytic
Trauma
Trauma
Trauma
Trauma
Trauma
Paralytic
Trauma
Trauma
Trauma
Trauma
Paralytic
Trauma

10
10
8
10
12
12
8
8
15
10
10
8
15
8
10
8
28
12

Long talar screw + Midtarsal pain
Superficial infection
Long talar screw
Superficial infection
Midtarsal pain
Long talar screw

Excellent
Excellent
Excellent
Excellent
Fair
Good
Excellent
Excellent
Good
Excellent
Excellent
Excellent
Good
Excellent
Excellent
Excellent
Fair
Good

27
28
29

20
24
25

M
M
F

R
R
R

Trauma
Trauma
Paralytic

10
8
20

Long talar screw

Excellent
Excellent
Good

M male, F female, R right, L left

ately contoured with two curves (Fig. 1). This is important
to allow compression of the talus without causing forward
subluxation, and to place the ankle in the required position.
The proximal curve is approximately 30° and the distal is
40°. This gives a final bend of 70°.
Two screws are placed in the talus and sometimes an
additional screw in the navicular bone if more stability is
needed. The first screw to be inserted is in the talus, with
care to avoid penetrating the subtalar joint. This screw is
usually placed through the distal curve of the plate. Then a
tibial screw is inserted, which is placed eccentrically to
provide compression of the tibio-talar surfaces. A compression screw from the tibia to the talus can be inserted
through the proximal curve in the plate; this will greatly
improve the compression and stability. The fixation is
completed by inserting two more screws through the plate
into the tibial shaft (Fig. 2a).

An iliac bone graft can be used. This was necessary in
two of our patients with old pilon fractures due to the
presence of a defect between the bony surfaces. The
position of ankle fusion was neutral flexion, 0–5° of valgus
hind foot angulation and 5–10° of external rotation of the
foot, as described by Scranton [8]. A below-the-knee
plaster cast was applied for two months in osteoporotic
bone due to disuse atrophy.
Postoperatively, the sutures were removed after two weeks,
and follow up X-rays were done at two and six weeks, then
every six weeks until union occurred. Non-weight bearing
was advised for two months after which partial weight bearing
was allowed until bony fusion occurred.
All patients were evaluated and scored by the Mazur ankle
score [11], which gives 50 points for pain, 40 points for
function, and ten points for ankle range of motion. Because
patients of ankle fusion lack ankle motion the maximum
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Fig. 1 Double bending of the DCP plate

score they could achieve was 90 points. Therefore a score of
80–90 was considered an excellent result, 70–79 a good
result, 60–69 a fair result, and below 60 points a poor result.

Results
The average follow-up time was 14 months (range 12–
18 months). A rate of fusion of 100% was achieved. The
average fusion time was 12.2 weeks (Table 1).
Two patients (6.8%) developed superficial infection at
two weeks. In both the inflammation settled with elevation
and a short course of antibiotics.
In three patients (10.3%), the radiographs showed that
the talar screws had penetrated the subtalar joint resulting in
pain. The problem was solved by metal removal shortly
after fusion was achieved.
In three patients (10.3%), midfoot pain developed due to
the long plates which were hindering movement of the
midtarsal joints (Fig. 2b). The long plates were intentionally
used to obtain a better fixation through the midtarsal bones in
case of insufficient fixation in the talus, due to porotic bones
and in paralytic cases. These were removed after complete
fusion. One patient (3.4%) developed subtalar and midtarsal
pain due to the presence of both complications mentioned
above. The plate was removed after achieving union.
According to the Mazur ankle scoring, 19 patients
(63.5%) had excellent results, six (20.7%) had good results,
and four (13.8%) had fair results.
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The rate of fusion of ankle arthrodesis has varied
significantly between different series, some having a rate
of nonunion ranging from 35% to 100% [13–15].
Many techniques for ankle fusion have been described,
but most can be grouped into anterior bone blocks, transfibular and compression arthrodesis [16].
Many compression techniques have been mentioned,
starting with Charnely in 1945 [5], who popularised ankle
fusion by external compression clamps with nonunion rates
ranging from 10% to 38% [17], in addition to the high rate
of complications such as pin tract infection, lack of rigid
fixation and the cumbersome device.
Other compression techniques included the use of
internal fixation which provides a more rigid fixation,
allowing shorter periods of postoperative immobilisation
and earlier mobilisation of the subtalar and midtarsal joints.
This provides flexibility of step and gait [13].
Intramedullary retrograde nailing has also been described
as a rigid method for ankle arthrodesis, especially in diabetic
cases [18].
Crossed screws have shown good results of 95% union
[19], with some biomechanical studies suggesting that three
screws are better than two [20].
Wang et al. [21] showed a rate of fusion of 91% with a
lateral plate. Dohm et al. [13] had a variable rate of union
between 29% using the RAF fibular strut to 100% using the
T-plate. Others have achieved rates of 95–97% [14, 15].
Rowan and Davey [22] suggested the use of the anterior
T-plate for fixation in cases of ankle fusion with fusion
rates of 94%, but they routinely placed the patients in a
plaster cast postoperatively, while three patients (9%) had
below knee amputation, two (6%) had stress fractures, four
(12%) had superficial wound break down, and seven (21%)
had subtalar penetration. Wera et al. [23] described the use

Discussion
Ankle arthrodesis is still the most common procedure for
the management of severe ankle pain from a variety of
conditions [8, 12].

Fig. 2 a X-rays of ankle fusion with anteriorly-placed narrow
dynamic compression plate (DCP). b Plate extending to tarsal bones
for better fixation
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of a customised 3.5 LCD plate fashioned as an L shape
with the transverse limb inserted into the talus through a
lateral approach with fusion rates of 100%. Kakarala et al.
[24] compared crossed screws to anterior plating plus
crossed screws. They have shown better results with the
combined technique.
Arthroscopically-assisted techniques [15, 25] have been
described to debride the articular surfaces in addition to
internal fixation through percutaneous approaches.
In our series the rate of healing was 100% with a
relatively lower complication rate. This was achieved by
using narrow anterior DCP which allows more rigid
fixation along with compression. Certain tips and tricks
during insertion of the plate help to improve the results.
First, accurate contouring of the plate allows compression
of the tibio-talar surfaces in the right position without
forward subluxation. Utmost care should be taken whilst
inserting the screws in the talus to prevent penetration of
the subtalar joint by using X-ray guidance. Also, the plate
should not be extended distally to prevent fixation of the
midtarsal joints except when more rigid fixation is needed
in cases of osteoporotic bones, highly unstable comminuted
old fractures or in paralytic feet.
This technique can be used when the subtalar joint is
also affected and both ankle and subtalar fusion are needed
by extending the talar screws to fix and compress the
subtalar joint after excising it through Ollier’s approach
[20]. The major advantage of this technique is that it allows
early mobilisation of the subtalar and mid tarsal joints.
Care should be taken to put the ankle in the recommended position of fusion, a heel lift may compensate for
moderate planter flexion (5–10°) while genu recurvatum
will result from a more planter-flexed foot. Also, varus
angulation should be avoided, which may be a potent factor
in the development of pain and lateral metatarsalgia, while
a mild valgus malposition is tolerated better [8, 26]. A
limitation of this study is that it has a short follow-up,
whereby the tarsal joints may develop arthritic changes due
to the stress put on them by ankle arthrodesis on longer
term follow-up. Another limitation is that it shows the
results of one technique of ankle arthrodesis with no control
group, or comparison to other types, but since the final
result for this procedure is arthrodesis, then the results may
be compared to other studies from the literature.
Thomas et al. [27] reported that in the intermediate term
following an arthrodesis for the treatment of end-stage
ankle arthritis, pain is reliably relieved and there is good
patient satisfaction. However, there are substantial differences between patients and the normal population with
regard to hind foot function and gait. Patients should be
counselled that an ankle fusion will help to relieve pain and
improve overall function. However, it is a salvage procedure that will cause persistent alterations in gait with a
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potential for deterioration due to the development of
ipsilateral hind foot arthritis.

Conclusion
Ankle arthrodesis using an anteriorly placed narrow DCP is
a good method to achieve ankle fusion in many types of
ankle arthropathies.
The technique described for internal fixation compression arthrodesis provides a high rate of union and
satisfactory function. The rigid fixation obtained allows
early mobilisation of adjacent hind foot and midfoot joints
with earlier return to satisfactory function. The anterior
approach is familiar to most surgeons and allows good
visualisation, easier correction of the deformity, and proper
hardware positioning.
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