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Summary

Introduction: Displaced talar neck and body fractures are rare and challenging for the surgeon.
Results are often disappointing due to inadequate reduction or internal fixation and high rates
of osteoarthritis and osteonecrosis. Very few published series describe the long-term results
after internal fixation of talar factures. One of the goals of the 2011 SOO meeting symposium
was to specifically evaluate the long-term results after internal fixation of talar fractures. This
study included only central fractures.

Material and methods: We reviewed the results of 114 central talar fractures that had been
treated by internal fixation between 1982 and 2006 in nine hospitals in the Western part of
France. The clinical and radiological follow-up was 111 months on average. All the patients
with a radiological assessment had at least 5 years of follow-up.

Results: Poor reduction was apparent in 33% of cases. The average Kitaoka score was 70/100,
which corresponds to an average functional level. At the last follow-up evaluation, 34% of cases
had osteonecrosis and 74% had peritalar osteoarthritis. Secondary fusion was required in 25%
of cases with an average follow-up of 24 months.
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Discussion: The complication rate for talar fractures was high, mostly due to osteonecrosis
and osteoarthritis; these conditions had an impact on the final outcome. The outcome could
be improved by better evaluating these fractures with a CT scan, developing dual surgical
approaches to best preserve the bone vascular supply and achieve better reduction, and impro-
ving the internal fixation hardware, especially the use of plates for comminuted fractures.

© 2012 Elsevier Masson SAS. All rights reserved.

Introduction

Talar neck and body fractures are rare; they make up 0.5% of
all fractures and 3% of foot fractures [1]. Surgical treatment
is a challenge for the surgeon: analysis of the fracture pat-
tern, choice of approaches and choice of internal fixation
hardware.

Very few published series have described the long-term
results after internal fixation of talar factures [2—5]. One
of the goals the SOO symposium was to specifically evaluate
the long-term radiological and clinical results after internal
fixation of talar fractures.

Materials and methods

This is a retrospevtive study performed at nine hospitals
in the Western part of France, including nine university
hospitals. We were specifically interested in the outcome
of central fractures with at least 2 years of follow-up.
Our centres had 287 of these fractures, of which 48 were
treated conservatively. Only fractures that had been treated
with internal fixation and had at least 5 years follow-up
were included in the current study. If an internal fixation
case was subsequently revised with fusion before 5 years
it was included. The follow-up for these cases ended on the
fusion date, which sometimes resulted in the follow-up time
being less than 5 years. Cases with partial or osteochondral
factures of the talus, visible epiphyseal cartilage, primary
peritalar fusion or talectomy were excluded.

Thus, 162 fractures were included. Forty-four patients
were lost to follow-up and four died before the 5-year
follow-up period. Thus we reviewed 114 talar fractures that
were treated by internal fixation in 111 patients (36 women
and 75 men). These cases were distributed throughout the
participating centres (Table 1).

The average follow-up was 111 months, with a median
value of 91 months; the minimum was 7 months (one case of
early secondary fusion) and the maximum was 351 months.

The average age at the time of injury was 34 years (range
15—71). The injury mechanism was a motor vehicle accident
in 62 cases, a fall in 39 cases, a sports injury in four cases
and other trauma in six cases.

We first classified the fractures according to Inokuchi
et al. [2], who defined talar body fractures as having a
fracture line posterior to the lateral process of the talus
on the inferior face of the talus; neck fractures are those
located in front of this process. Based on these criteria,
there were 53 neck fractures and 61 body fractures. Among
these, the upper part of the fracture line went through
the neck and the lower part went through the body in 28
cases; we labelled these as neck-body fractures. Thus there

Table 1  Patient sources.

Centre Surgeon Number of cases
Rennes D. Huten 29
Tours P. Rosset and L. Favard 17
Brest C. Lefévre 15
Nantes F. Gouin 14
Quimper G. Allard 11
Poitiers L.E. Gayet 10
Angers P. Bizot 10
Rouen F. Dujardin 5
Caen C. Hulet 3

were 53 neck fractures, 33 body fractures and 28 neck-body
fractures.

Although the Hawkins classification [3], as modified by
Canale and Kelly [4], was only intended to be used with neck
fractures, we used it with all the fractures to determine the
displacement. There were 33 Hawkins Type | fractures, 48
Type |l fractures, 29 Type Ill and four Type IV fractures.

The open fractures were classified according to Gustillo
[5], with seven in Stage |, 13 in Stage Il and two in Stage IlIA.

The posterior tibial vascular pedicle was involved in three
cases, the posterior tibial artery alone in one case and the
anterior tibial vascular pedicle in one case; in none of these
cases was the foot completely devascularized.

There were associated skeletal lower leg injuries in 54%
of cases: medial malleolus fracture (11%), bimalleolar frac-
ture (6%), lateral malleolus fracture (6%), calcaneal fracture
(6%). In 8% of cases, the patients had suffered multiple
trauma, thus injuries were present in other locations.

For each patient, the time before the injury was treated,
the approach routes, the type of internal fixation used and
any complications (infection, complex regional pain syn-
drome, osteonecrosis, non-union and osteoarthritis) were
recorded.

The outcome was evaluated using the Kitaoka score out
of 100 points [6], which takes into account pain (45 points),
function (40) and alignment (15 points). A score between 95
to 100 was considered excellent, 80 to 94 was good, 50 to 79
was average and under 50 was poor. The overall satisfaction
with the final outcome was assessed on a five-point scale:
1 (very satisfied), 2 (satisfied), 3 (average), 4 (dissatisfied)
and 5 (very dissatisfied).

The quality of the reduction was evaluated on X-rays
a short time after surgery. Any offset of more than 2mm
or angulation of more than 5° between the fragments was
labelled a poor reduction.

Necrosis of the talus was evaluated on A/P X-rays at week
6 (sometimes with the leg still in a cast) and then on X-rays
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at the last follow-up visit; an MRl was performed in six cases.
The Hawkins sign consists in the appearance of subchondral
bone resorption in the body of the talus on A/P X-rays with-
out a cast at 6 weeks post-injury, which indicates that the
talus is well vascularized. The absence of the Hawkins sign
at that time point suggests the presence of osteonecrosis. At
the last follow-up, we differentiated between necrosis with-
out collapse (sclerosis with and without geodes) and necrosis
with collapse of the talar dome.

Post-injury peritalar osteoarthritis was determined based
on X-rays taken at the last follow-up visit. The arthritis was
not classified based on its severity.

Statistical evaluations were performed with tests sui-
table to the sample size and any differences were deter-
mined with a 5% chance of making a Type | error (P<0.05).

Results

Clinical results

The procedure occurred within 24 hours of the fracture in
81% of cases. In 7% of cases, more than 1 week passed
because of a skin problem.

An anterior approach was used in 35 cases, anterome-
dial in 28 cases, anterolateral in 14 cases, posteromedial
in four cases, posterolateral in four cases and percutaneous
in six cases. When dual approaches were used, the antero-
medial and anterolateral approaches were combined in 10
cases and other approaches in 12 cases. In three cases, an
osteotomy of the medial malleolus was performed because
of body fractures or neck-body fractures. In 13 cases, the
medial malleolus fracture was used to approach the fracture
site (trans-fracture approach).

Fixation was performed with K-wires in 24 cases, screws
in 86 cases, an external fixator in three cases and a plate
in one case. The anterior and posterior tibial pedicles were
not subjected to a procedure.

All the patients were casted, except for those with an
external fixator. The average duration of no weight-bearing
after the surgical procedure was 83 days. Seventeen patients
presented with symptoms suggestive of complex regional
pain syndrome not long after the procedure.

Complications such as infection, osteonecrosis, osteo-
arthritis and non-anatomical reduction occurred and
required an additional procedure:

¢ nine times before month 3: four for skin coverage (three
skin grafts and one free gracilis flap), two because of
infection (excision, lavage and drainage), three because
of secondary displacement or poor reduction (revision of
fixation);

e 45 times after month 3 (39.5% of cases): 40 for removal
of fixation hardware, three for removal of foreign bodies
(two via arthroscopy), two for ankle arthrolysis;

e 29 fusions (25.4% of cases) were performed at month
24 on average (range 7—90) because of osteonecrosis
in 14 cases, osteoarthritis in 13 cases and infection in
two cases. Of these fusions, 10 were subtalar, nine were
talocrural, two were talonavicular and eight were mixed.
Beforehand, these had been six Type | fractures, nine Type
Il fractures, 12 Type Il fractures and two Type IV fractures.
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Figure 1  Kitaoka score as a function of the Hawkins grade.

Functional results

The average Kitaoka score was 70 (range 9—100). The
average range-of-motion for the tibiotalar joint was 8°in
extension and 26°in flexion. The subtalar range-of-motion
was reduced in 61% of cases, but we could not determine to
what extent.

Satisfaction scores were distributed in the following man-
ner:

very satisfied: 10%;
satisfied: 36%;
average: 40%;
dissatisfied: 14%.

The Kitaoka score was affected by the Hawkins fracture
type in a statistically significant manner (Fig. 1). The Kitaoka
score decreased from Type | to Type IV fracture (P=0.036).
Conversely, the approach had no effect.

Radiological results

A preoperative CT scan was performed in 25% of fractures
(Fig. 2). The reduction was labelled as poor in 33% of cases
(Fig. 2). We found that reduction quality was worse when K-
wire fixation than when screws were used (P=0.012). At the
same time, the average Kitaoka score for K-wire fixation (56)
being lower than the score for screw fixation (75) (P=0.002).
Note that for the entire series, the quality of the reduction
had no effect on the Kitaoka score (P=0.313). On the other
hand, the type of approach did not affect the quality of the
reduction.

Osteonecrosis of the talus was a long-term complication
in 39 cases (34%), with the Hawkins signs having a sensiti-
vity of 91% and a specificity of 59%. Osteonecrosis occurred
more often in cases of a combination neck-body fractures,
than in cases of isolated body or neck fractures (P=0.004).
In 41% of cases, the osteonecrosis was symptomatic, with
a Kitaoka score that was statistically lower than in cases
without osteonecrosis (P=0.015). The talar dome had col-
lapsed in eight cases. The Kitaoka score was very low in cases
of osteonecrosis with collapse (average of 45.5/100), while
it was average (70/100) in cases of osteonecrosis without
collapse (P=0.004).

At the last follow-up visit, osteoarthritis was present
in 74% of cases: 32% in the subtalar joint, 28% in the
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Figure 2 A 35-year-old male, motorbike accident, Type Il neck fracture. The preoperative CT scan showed that the distal fragment
was rotated, which was not visible on standard X-rays. Poor fracture reduction can be seen on the postoperative CT scan (the subtalar

dislocation was not completely reduced).

talocrural joint, 4% in the talonavicular joint and 36% in two
or more of the peritalar joints (Fig. 3). There was a trend
towards a higher frequency of osteoarthritis with a higher
Hawkins fracture grade (P=0.06) (Table 2). The osteoarthri-
tis rate was 64% after an isolated talus injury and 78% in
cases with associated skeletal injuries (difference not signi-
ficant). Osteoarthritis was more common after fixation with
K-wires (87%) than screws (68%), which goes hand in hand
with the reduction not having been as good, as noted above

Table 2 Results as a function of the Hawkins classification.

(P=0.075). The Kitaoka score was 80 in cases of osteoarthri-
tis and 67 was no arthritis was present (P=0.002).

The chosen approach (anterior, anteromedial, dual) did
not have an effect on the osteonecrosis and osteoarthritis
rates.

Overall, the survival was 74% at 10 years when using
fusion as the event of interest Fig. 4). As shown in Fig. 4,
almost all the fusions were performed before year 5 (28 of
29 cases).

Hawkins 1 Hawkins 2 Hawkins 3 Hawkins 4 P value
Number of cases 33 48 29 4
Poor reduction 24% (8) 37% (18) 38% (11) 0
Infection 1 2 3 0
Complex regional pain syndrome 2 21% (10) 14% (4) 25% (1)
Osteonecrosis 15% (5) 35% (17) 48% (14) 75% (3) 0.008
Osteoarthritis 60% (20) 75% (36) 83% (24) 100% (4) 0.06
Average Kitaoka score 78.3 70.8 63.4 43.2 0.056
Fusion 18% (6) 19% (9) 41% (12) 50% (2)
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Figure 3

A 27-year-old male, motorbike accident; Type | fracture. Anterior approach; reduction seems to be good. At 5 years

post-surgery: Kitaoka score of 82, subtalar and talocrural osteoarthritis.

Discussion

The distinguishing feature of this study was the fairly long
follow-up (average of 9.3 years) done on more than 100 cases
of central talar fractures treated by surgical fixation. Few
published series have reported on such long-term results.
The studies published by Ohl et al. (20 cases) [7], Saudan
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Figure 4  Overall survival curve.

et al. (40 cases) [8], and Canale and Kelly (71 cases) [4] had
a follow-up of 7.5, 9 and 12.7 years, respectively. However,
the number of patients in these series was less than in our
series, and Saudan et al. and Canale and Kelly had included
conservative treatments in their series (11 and 38 cases,
respectively).

A CT scan was performed before surgery in only 24% of
cases in our series; we now systematically request this ima-
ging mode with our patients. The fracture pattern and the
fracture displacement can better be analysed on a CT scan
(Fig. 2) and it is easier to plan the surgical fixation [9].

It is difficult to assess the quality of the reduction intra-
operatively and on postoperative X-rays. Rotation errors are
particularly hard to pick up [9]. This likely had a signifi-
cant influence on the osteoarthritis rate, but we were not
able to prove it in this study. Adelaar suggested that a surgi-
cal revision was necessary if the reduction was defective by
more than 5mm or 5° [10]. A postoperative CT scan could
be requested in uncertain cases to quickly diagnose any
poor reduction, help with the prognosis and then schedule
a potential surgical revision.

Multiple surgical approaches were used, but we could
not find a difference between them. The anterior approach
does not provide good exposure and increases the like-
lihood of poor reduction [9] and devascularisation [9]. A
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Figure 5

A 22-year-old woman, fall from a height; Type Il fracture. Dual approaches (anteromedial and anterolateral); anatomical

reduction. At 5 years post-surgery: Kitaoka score of 90, osteonecrosis and talocrural osteoarthritis.

dual approach would provide better control during reduc-
tion because the medial and lateral faces of the talar neck
are exposed and less of the blood supply is removed from
the talar fragments [9], however experience is required to
use the dual method. The posterior approach, which was not
used often in our series, provides good stability during pos-
terior to anterior screw placement [11—13], but there is a
risk that the screw could penetrate into the subtalar joint or
tarsal sinus. The medial transmalleolar approach was used
16 times in our series (13 times via a fracture and three
times with an osteotomy) in cases of talar body fractures.
A medial malleolus osteotomy was suggested by other sur-
geons for this type of fracture [14], especially in cases of
comminutive fractures, because it provides good exposure
of the medial aspect of the talus.

Screws were used most often in our series, however they
can induce excessive compression in cases of comminuted
talar neck fracture [9]. Internal fixation with a plate pro-
vides better control over the comminuted fracture site and
restores the length of the talus, especially on the medial
aspect of the neck. Varus reduction errors could be avoided
[15]. However, this fixation technique was only used once in
our series.

The average Kitaoka score in our series was 70/100,
which corresponds to an average functional score. The
Hawkins fracture type and the presence of osteonecrosis or
osteoarthritis had a direct effect on this score. The score
was better in cases of a body fracture than in cases of a

neck fracture or combined neck-body fracture, as previously
demonstrated by Elgafy [16]. This could be due to combined
neck-body fractures being heterogeneous and difficult to
reduce because of their comminuted nature.

Our rate of osteonecrosis (34%) and its distribution rela-
tive to Hawkins fracture type is consistent with published
data. The presence of osteonecrosis was not systematically
associated with poor clinical results because 59% of patient
with osteonecrosis were asymptomatic (Fig. 5). Any collaps-
ing of the talus resulted in a significant drop in the Kitaoka
score. The Hawkins sign had a sensitivity of 91% in our study.
Thus the Hawkins sign is a good indicator of talus blood sup-
ply at 6 weeks [17]. MRI, which was not often performed in
our series, is typically done later on. It allows the volume and
exact location of the osteonecrosis to be determined, as long
as the fixation hardware is made of titanium (which regret-
tably was not the case in our series) or has been removed
[18,19]. We did not find that the surgical approach used had
an effect on the osteonecrosis rate. However, the published
literature emphasizes that the anterior approach results in
devascularisation; this approach is well known and was used
most often our series [20].

Our lengthy follow-up allowed us to find a high rate of
osteoarthritis (74%) at our last follow-up, with the sub-
talar joint most often involved. This rate is consistent
with reported osteoarthritis rates of 78 to 100% in the
long-term (Table 2). There was a trend towards a higher
frequency of osteoarthritis with a higher Hawkins fracture
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Table 3 Kitaoka score and osteoarthritis rates in various talar fractures series where internal fixation was used.

Series Number of cases Average follow-up TC osteoarthritis ST osteoarthritis Kitaoka
in months (%) (%)

Sanders et al. [22] 70 62 40 78 71/100

Lindvall et al. [21] 26 74 61 100 61/100

Ohl et al. [7] 20 90 76 86 67/100

Current series 114 111 41 50 70/100

grade (P=0.06). Among other factors that could affect the
occurrence of osteoarthritis, we found K-wire fixation which
provides less stability than screw fixation [11,12]. K-wire
fixation had more reduction defects and fewer good func-
tional results. However, this observation must be tempered
because K-wire fixation is more commonly used with com-
minuted fractures, which are harder to access with a screw;
this may have distorted the analysis.

Ankle and hindfoot trauma were common in our study.
The possibility that these injuries can lead to osteoarthritis
must also be taken into consideration. In our series, only
46% of the fractures were isolated; among these fractures,
the osteoarthritis rate was 64% (mainly subtalar). This rate
might appear to be high, but in a series of 26 isolated talar
neck or talar body fractures, Lindvall et al. found a 100%
rate of subtalar osteoarthritis at an average follow-up of
74 months, which is similar to ours. This observation sug-
gests that the potential for arthritis is high for these talar
fractures [21] (Table 3).

In our series, 29 fusions (25.4% of cases) were performed
at 24 months on average, and most were performed within
5 years of the initial injury. Fusion was required more often
in cases of Type IlI, lll, IV fracture-dislocations (nine, 12
and two cases, respectively). These patients presented with
osteonecrosis, osteoarthritis or infection. Primary fusions
were excluded from this series. This procedure is not well
standardized; it is poorly documented and apparently has
disappointing functional outcomes [3,4,22—24]. Its role in
emergency wards seems to be very limited. It could be indi-
cated in cases of highly comminuted fractures that cannot be
accessed for internal fixation and/or significant skin damage
without adequate coverage solutions [25,26].

Conclusion

This study confirms the significant challenges associated
with treating displaced talar neck and body fractures, as
these often have average long-term functional and radiolog-
ical results. This could explain our high rate of complications
including non-anatomical reduction (33%), osteonecrosis
(34%) and osteoarthritis (74%).

Given the limitations of our series, it seems logical to
recommend the following actions to reduce the frequency
of these complications:

e systematic preoperative CT scan to fully analyse the frac-
ture line and fracture displacement;

o dual approach routes that would better preserve the soft
tissues and provide a more precise reduction, as long as
the technique has been learned beforehand;

e stable fixation with screws in cases of simple fractures
and plates in cases of comminuted fractures.

Disclosure of interest

The authors declare that they have no conflicts of interest
concerning this article.

References

[1] Adelaar RS. Complex fractures of the talus. Instr Course Lect
1997;46:323-38.

[2] Inokuchi S, Ogawa K, Usami N. Classification of fractures of the
talus: clear differentiation between neck and body fractures.
Foot Ankle Int 1996;17(12):748—50.

[3] Hawkins LG. Fractures of the neck of the talus. J Bone Joint
Surg Am 1970;52(5):991—1002.

[4] Canale ST, Kelly Jr FB. Fractures of the neck of the talus. Long-
term evaluation of seventy-one cases. J Bone Joint Surg Am
1978;60(2):143—56.

[5] Gustilo RB, Mendoza RM, Williams DN. Problems in the mana-
gement of type lll (severe) open fractures: a new classification
of type Il open fractures. J Trauma 1984;24(8):742—6.

[6] Kitaoka HB, Alexander |J, Adelaar RS, Nunley JA, Myerson MS,
Sanders M. Clinical rating systems for the ankle-hindfoot, mid-
foot, hallux, and lesser toes. Foot Ankle Int 1994;15(7):349—53.

[7] OhL X, Harisboure A, Hemery X, Dehoux E. Long-term follow-up
after surgical treatment of talar fractures: twenty cases with
an average follow-up of 7.5 years. Int Orthop 2011;35(1):93-9.

[8] Saudan M, Peter R, Delmi M. Talar neck fracture: 9-year
follow-up of 40 cases. Rev Chir Orthop Reparatrice Appar Mot
2002;88(2):168—76.

[9] Cronier P, Talha A, Massin
tures — therapeutic considerations.
2):SB10—22.

[10] Adelaar RS. Fractures of the talus. Instr Course Lect
1990;39:147—-56.

[11] Trillat A, Bousquet G, Lapeyre B. Displaced fractures of the
neck or of the body of the talus. Value of screwing by poste-
rior surgical approach. Rev Chir Orthop Reparatrice Appar Mot
1970;56(6):529—36.

[12] Swanson TV, Bray TJ, Holmes Jr GB. Fractures of the talar
neck. A mechanical study of fixation. J Bone Joint Surg Am
1992;74(4):544—-51.

[13] Lemaire RG, Bustin W. Screw fixation of fractures of the
neck of the talus using a posterior approach. J Trauma
1980;20(8):669—73.

[14] Ziran BH, Abidi NA, Scheel MJ. Medial malleolar osteotomy for
exposure of complex talar body fractures. J Orthop Trauma
2001;15(7):513-8.

[15] Juliano PJ, Dabbah M, Harris TG. Talar neck fractures. Foot
Ankle Clin 2004;9(4):723—36 [vi].

P.  Central talar frac-
Injury  2004;35(Suppl.



Total talar fracture —Long-term results of internal fixation of talar fractures S55

[16] Elgafy H, Ebraheim NA, Tile M, Stephen D, Kase J. Fractures
of the talus: experience of two level 1 trauma centers. Foot
Ankle Int 2000;21(12):1023—9.

[17] Tezval M, Dumont C, Sturmer KM. Prognostic reliability of
the Hawkins sign in fractures of the talus. J Orthop Trauma
2007;21(8):538—43.

[18] Jarde O, Boulu G, Havet E, Gabrion A, Vives P. Complete
transverse fractures of the talus: value of magnetic resonance
imaging for detection of avascular necrosis. Acta Orthop Belg
2001;67(1):60—7.

[19] Thordarson DB, Triffon MJ, Terk MR. Magnetic resonance
imaging to detect avascular necrosis after open reduction
and internal fixation of talar neck fractures. Foot Ankle Int
1996;17(12):742—7.

[20] Adelaar RS. The treatment of complex fractures of the talus.
Orthop Clin North Am 1989;20(4):691—707.

[21] Lindvall E, Haidukewych G, DiPasquale T, Herscovici Jr D,
Sanders R. Open reduction and stable fixation of isolated, dis-
placed talar neck and body fractures. J Bone Joint Surg Am
2004;86-A(10):2229—-34.

[22] Sanders DW, Busam M, Hattwick E, Edwards JR, McAndrew
MP, Johnson KD. Functional outcomes following displaced talar
neck fractures. J Orthop Trauma 2004;18(5):265—70.

[23] Kleiger B. Injuries of the talus and its joints. Clin Orthop Relat
Res 1976;121:243—62.

[24] Pennal GF. Fractures of the talus. Clin Orthop Relat Res
1963;30:53—-63.

[25] Leibner ED, Elishoov O, Zion |, Liebergall M. Primary subtalar
arthrodesis for severe talar neck fractures: a report of three
cases. Foot Ankle Int 2006;27(6):461—4.

[26] Baumhauer JF, Alvarez RG. Controversies in treating talus frac-
tures. Orthop Clin North Am 1995;26(2):335—51.



	Total talar fracture – Long-term results of internal fixation of talar fractures. A multicentric study of 114 cases
	Introduction
	Materials and methods
	Results
	Clinical results
	Functional results
	Radiological results

	Discussion
	Conclusion
	Disclosure of interest
	References


