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Abstract
Purpose The talonavicular joint is a central connection of
the human foot. Symptomatic talonavicular arthritis can be
adequately addressed by isolated talonavicular fusion. How-
ever, non-union remains a relevant clinical challenge to the
orthopaedic surgeon. The aim of this study was to analyse
the clinicoradiological outcome of talonavicular fusion us-
ing angle-stable mini-plates.
Methods We performed 30 talonavicular fusions in 30
patients (12 male, 18 female) with a mean age of
58.8 years (range, 22–74) between 2005 and 2007.
Osseous joint fusion was achieved using mono- and
multidirectional angle-stable mini-plates. The patients fol-
lowed a standardised immobilisation and weight bearing pro-
tocol. The mean postoperative follow up was 15.8 months
(6.1–23.8).
Results The American Orthopedic Foot and Ankle Society
AOFAS score increased significantly from 31.7 (19–42) to
82.3 points (55–97) (p<0.001). Neither age at operation nor
gender influenced the score results significantly, while the
aetiology of talonavicular degeneration showed a significant
effect. Mean visual analogue scale (VAS) pain intensity (0–

10) reduced from 8.6 to 1.7 (p<0.001). Good or excellent
results were achieved in 26 patients, while two patients
reported fair and another two poor results. Complete osseous
fusion was observed at a mean of 10.9 weeks (8–13)
postoperatively.
Conclusions For the treatment of talonavicular arthritis, the
application of mono- and multidirectional angle-stable mini-
plates provided a strong fixation that led to high union rates
and good to excellent overall outcome.

Introduction

The talus is the central connecting element of the ankle,
allowing a considerable amount of highly controlled move-
ment, while distributing the resulting forces from standing and
ambulation among the peritalar joints [1]. Previous studies
have identified the pivotal biomechanical role of the talona-
vicular joint for the rearfoot [2]. Talonavicular joint destruc-
tion is found in a multitude of pathological processes, namely,
primary osteoarthritis, rheumatoid arthritis and post-traumatic
injury. Isolated talonavicular arthrodesis has been shown to
provide satisfactory pain relief and to be an adequate measure
to control the progression of the developement of flatfoot
deformity [3]. However, the orthopaedic surgeon is con-
fronted with a significant rate of osseous non-union after
conventional screw or plate fixation [4, 5]. Importantly,
angle-stable plates have been used in a wide range of osteo-
synthetic applications and have been reported to provide rigid
fixation leading to reduced interfragmentary strain and high
union rates [6]. Today, the industry provides a variety of
angle-stable mini plates for foot surgery, though their potential
clinical benefit has not yet been studied in depth.

Study evaluated the clinicoradiographic outcome of talo-
navicular arthrodesis using mono- and multidirectional
angle-stable mini-plates.
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Methods

Between October 2005 and May 2007, we prospectively
enrolled 30 consecutive patients who were suffering from
destruction of the talonavicular joint and were treated by
talonavicular arthrodesis in a single high volume centre. In
all patients, talonavicular arthrodesis was performed using
multidirectional (0variable) (Königssee Implantate GmbH,
Allendorf, Germany, n025) and monodirectional (Darco,
Raisting, Germany, n05) angle-stable mini-plates (Fig. 1a
and b). The joint capsule was opened from a medial longitu-
dinal approach, the sclerotic articular surfaces were removed
by using a chisel until bleeding spongious bone was visible. In
six patients autologous spongious bone graft from the iliac
crest was interpositioned. The decision to graft spongious
bonewas made by the surgeon intraoperatively. If an effortless
reduction of the talonavicular joint could not be achieved graft
was harvested from the iliac crest. Postoperatively, ankle and
foot were immobiliss using a vacuum orthosis (OPEDGmbH,

Valley, Germany) for ten to 12 weeks with reduced weight
bearing of approximately 20 kg for the first six weeks, full
weight bearing in the vacoped-orthosis after six weeks. All
patients were followed clinically at regular intervals and trea-
ted by a standard protocol, including physiotherapy, pain
medication, daily low molecular heparin injections and pro-
tected weightbearing. Full weightbearing without orthosis was
allowed after osseous consolidation was detected on plain X-
ray films. All patients were assessed pre-operatively by clin-
ical examination, plain X-ray and standardised questionnaires
including a visual analogue scale (VAS) from 0 to 10. The
average follow-up was 15.8 months (6.1–23.8). At follow-up,
clinical examination, plain X-ray and standardised question-
naires were repeated. The American Orthopedic Foot and
Ankle Society outcome (AOFAS) score was calculated to
assess regional preoperative function and overall patient out-
come [7]. The study protocol was approved by the local ethics
committee.

Statistical analysis was performed with GraphPad Prism 5
for windows (GraphPad Software, Inc., La Jolla, CA). Normally
distributed values were analysed using Student’s t-test, other-
wise Mann–Whitney Rank Sum test was applied. One-way
analysis of variance was performed to compare the means of
the subgroups. A p-value≤0.05 was considered significant.

Results

There were 12 male and 18 female patients with an average
age of 58.8 years (range, 22–74 years) who were treated with
talonavicular fusion (21 right feet, 9 left feet). Of those, 16
patients suffered from primary osteoarthritis, four from post-
traumatic destruction, four from rheumatoid arthritis, two
from psoriatic arthritis and in three cases of peripheral neuro-
logical impairment resulted in joint instability and destruction.
In one case, the procedure was done following non-union after
talonavicular fusion for aseptic necrosis of the navicular bone.
The mean length of hospital stay was 11 days (range, 7–
17 days). Of the 30 fusions, 29 healed without the need for
an additional operative procedure. In one case, non-union and
subsequent plate fracture occurred. After revision surgery
using autologous spongious iliac crest graft and a variable
angle-stable mini-plate, osseous union was detectable
ten weeks postoperatively. The average time to complete
osseous integration was 10.9 weeks (range, 8–13 weeks).
The mean preoperative AOFAS score improved significantly
(see Table 1) from 31.7 points (range, 19–42 points) to 82.3
points (range, 55–97 points) postoperatively (p<0.001). Mean
subjective pain as assessed by the visual analogue scale (VAS)
decreased from 8.6 (range, 5–10) to 1.7 (range, 0–7) postoper-
atively (p<0.001) (Table 1).

Age 60 years or above at the time of operation (n019, mean
age 66.2 years) had no statistical influence on overall subjective

Fig. 1 a. Preoperative oblique X-ray showing advanced talonavicular
joint destruction in a patient suffering from primary osteoarthritis. b.
Oblique X-ray of the same patient six weeks postoperatively. Talonavicular
fusion was performed using a variable angle-stable mini-plate
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patient outcome, time to union (p00.5333), AOFAS (p0
0.2502) or VAS (p00.8527) when compared to the younger
age group (n011, mean age 45.4 years).

While the aetiology of talonavicular destruction had no
significant effects on time to radiological osseous fusion (p0
0.42) or reduction of mean VAS score (p00.4721), the im-
provement in the AOFAS score differed significantly between
the four subgroups (p00.0343) (Fig. 2).

Spongious iliac crest crafts were used in six patients.
Neither the time to osseous union (p00.3834) nor the im-
provement in mean AOFAS score (p00.6185) or VAS score
(p00.5219) were significantly influenced by autologous
bone grafting. Statistical analysis comparing the outcome of
multi- and monodirectional angle-stable mini-plates revealed
no superiority of one of the implants in terms of time to union
(p00.3271), improvement of AOFAS score (p00.1286) or
VAS score (p00.2670).

Discussion

Initially, isolated talonavicular fusion was described as an
effective method to tread flatfoot deformity [8]. Later, the
procedure was further developed and expanded to a wide
variety of rearfoot pathologies. Review of the literature indi-
cates that there are a large variety of osteosynthetic implants
for the fusion of the talonavicular joint. Satisfactory outcome
from screw arthrodesis [9], non angle-stable plates [10] and
memory staples have been reported [11]. A recent report by
Jarrell et al. compared the biomechanical properties of screw
versus combined plate and screw fixation for talonavicular
fusion [12]. Their results indicated a superiority of the plate
over the sole use of screws. This finding has been echoed by
other groups [13–15].

The isolated use of staples has been criticised, because of a
potentially high rate of non unions [10].

This study is the first systematic analysis of the use
of monodirectional angle-stable mini-plates and multidi-
rectional angle stable mini-plates for talonavicular joint
fusion. Our data show good overall patient outcome
using angle-stable mini-plates, while providing excellent
intraoperative flexibility during plate and screw posi-
tioning using multidirectional (0 variable) angle-stable
mini-plates.

Formerly, good to excellent results have been reported
following talonavicular fusion with patient satisfaction rates
above 90 % [16–18]. Our study reports an overall patient
satisfaction rate of 93.3 % at the final evaluation. Of note,
the aetiology of the talonavicular destruction had a signifi-
cant influence on the overall functional outcome as assessed
by the AOFAS score. Patients suffering from neurological
impairment showed the lowest improvement in the AOFAS
score, while time to union and VAS score showed no sig-
nificant differences. The limited benefit following hind foot
fusion in neuropathic conditions has already been observed
by others [19]. While stabilising the rearfoot and the medial
column of the neuropathic foot, the pre-existing impairment
of the adaptive flexibility and rigidity during the gait cycle
might be further enhanced by the fusion.

In one patient, non-union and resulting plate fracture oc-
curred at seven months postoperatively. In another case radio-
graphic evidence of plate fracture was noted at 16 months after
the operation, while clear osseous union and an excellent
functional and subjective outcome were noted. No further
complications were noted (overall complication rate 10 %).
Regarding the relevant non union rate after talonavicular ar-
throdesis of up to 37 % in historic reports [15], an osseous
fusion rate of 97 % using angle stable mini plates appears to be
promising.

Until today, the role of autologous bone grafting for hind
foot fusions has not been systematically analysed. In our study

Table 1 Results

AOFAS American Orthopedic
Foot and Ankle Society,
VAS visual analogue scale

Scoring Preoperative (mean ±
standard deviation)

Follow up (mean ±
standard deviation)

P value

AOFAS score 31.7±7.3 82.3±9.1 < 0.001 (t-test)

Pain VAS (0–10) 8.6±1.0 1.7±1.8 < 0.001 (Mann–Whitney rank sum test)

Function VAS
(0–10)

6.3±1.6 8.9±1.7 < 0.001 (Mann–Whitney rank sum test)

Fig. 2 Improvement of postoperative AOFAS score relative to the
aetiology of talonavicular destruction. OA osteoarthritis, PT post-trau-
matic, RA rheumatoid arthritis, NI neurological impairment, PS psori-
atic arthritis. *p<0.05 as evaluated by analysis of variance
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spongious iliac crest bone grafts were used in six patients,
while statistical analysis revealed no significant differences in
terms of time to union, AOFAS score or patient satisfaction.

Subsequent development of osteoarthritis of the unfused
adjacent joints following talonavicular arthrodesis has been
reported to be a relevant clinical sequel. At the time of the
last clinicoradiological evaluation, no case of adjacent oste-
oarthritis was detected. Here, the relatively short follow-up
period might be critical [20].

Limitations of our study are the restricted follow-up
period and the lack of a control group using established
devices for talonavicular fusion.

Nevertheless, using the AOFAS score as a standardised
outcome measurement and osseous fusion for assessing inter-
fragmentary stability, the results of our study can be readily
compared to previously published series.

Conclusion

Talonavicular fusion using variable and non-variable angle-
stable mini-plates led to excellent short and midterm function-
al results in patients suffering from talonavicular joint damage.
Autologous transplantation of spongious ileac crest grafts had
no significant effect on overall outcome.
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