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ABSTRACT
Objectives: The management of pilon fractures is a challenge and the outcome depends on multiple factors, one
of which is the quality of reduction. In the literature, there is no assessment of anatomical reduction in pilon
fractures. We also lack standard radiological parameters in large patient groups to measure the reduction. The
main aim of this analysis was to define normal standard radiological values and identify potential specific types of
ankle joint morphology (morphotypes) that might deserve special attention intraoperatively.
Methods: We analyzed data of 103 healthy contralateral ankles collected within an observational and prospective
multicenter study about tibial pilon fractures. We divided the patients according to their height into two groups,
measured 11 radiological parameters, and compared them with each other and the literature. In addition, using
cluster analysis, we could identify three morphotypes.
Results: There is a statistically significant difference between the two groups in the lengths of three parameters:
Mortise width, medial clear space, and length of the lateral malleolus, but not in the angles. The three morphotypes
differ only in body mass index and the length of the lateral malleolus.
Conclusion: Reference values from the literature are insufficient to assess a reduction after open reduction and
internal fixation of tibial pilon fractures because they depend on the height. This does not apply to angles because
they are independent of height. For clinical practice, a radiological control of the contralateral healthy ankle gives
the best information about the reduction quality and should always be done, especially in normal weight males.
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INTRODUCTION
Tibial pilon fractures (Types B3 and C according to the AO/OTA fracture and dislocation
classification) are predominantly the result of high-energy trauma and are often associated with
comminuted joint surface, displacement, and often associated with extensive soft-tissue damage
or open fractures.[1-3] Pilon fractures are very rare, with an incidence of 1%,[4,5] a bimodal age
distribution with a peak frequency at 25–50 years, and seen predominantly in males (57–65%).[6]
Pilon fractures include the articular surface and require metaphysis reconstruction and treatment
of the soft tissues.[6] Due to these factors, the management of tibial pilon fractures remains a
complex and challenging issue.[5]
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Multiple treatment strategies of tibial pilon fractures have
been described, but no method has been superior compared
to the others.[7] However, two-stage treatment, first closed
reduction and external fixation followed by open reduction
and internal fixation (ORIF), is generally recommended.[8]
External fixation without ORIF compared to ORIF shows the
same rate of additional procedures or intravenous antibiotics,
but more bone healing complications.[9] Studies showed
that the outcome after tibial pilon fractures depends on the
severity of the trauma, comorbidities, soft-tissue condition,
and the reduction quality.[7,10] The anatomic reduction of the
joint is considered the most important factor after articular
fractures.[11-13]
Even though studies describing the anatomy of the distal tibia
have been published,[10,14,15] there are no standard radiological
parameters to assess the quality of reduction after tibial pilon
fractures. Furthermore, although there are some publications
on standardizing how radiological measures are done,
radiological measurements still show low interobserver
agreement and reproducibility.[16-18]
Sommer et al. analyzed different radiological parameters
and found that only the length of the lateral malleolus was
a predictor of clinical outcome.[16] Using radiological images
of the healthy opposite side from that study,[16] the main aim
of this in-depth analysis was to define standard radiological
values and identify potential specific types of ankle joint
morphology (morphotypes) that might deserve special
attention intraoperatively.

MATERIALS AND METHODS
Study design
This is a secondary in-depth analysis of images from the
healthy contralateral ankle collected within an observational
and prospective multicenter study about tibial pilon
fractures.[16] The Ethical Committee approved the original
study of the lead center, and every patient provided informed
consent before inclusion. The study was registered on
ClinicalTrials.gov with the identifier NCT01316289.
Patients
In total, 117 patients in Switzerland, the USA, Austria,
and Brazil were enrolled from 2012 to 2014. The patients
were 18 years or older with unilateral and intra-articular
distal tibia pilon fractures (AO/OTA type 43-B or 43-C).
We defined some exclusion criteria: Pathological fractures,
contralateral fractures, polytrauma with injury severity score
more than 28, severe vascular diseases existing before the
trauma, inability to walk without aids before the injury, drug
or alcohol abuse, the American Society of Anesthesiologists
(ASA) classifications V or VI, pregnant women (urine

pregnancy test), and neurological or psychiatric disorders. Of
the 117 originally enrolled patients, 14 had no radiographs of
the healthy contralateral ankle and were excluded from this
study. Of the 103 remaining patients, a lateral radiograph was
missing in one patient, resulting in 102 images available to
assess all below-described parameters.
Outcome measures
Radiographic measurements
One rater (DG) performed the radiologic evaluation since
the reliability of the planned radiographic measurements
(including intraclass correlation coefficient for interobserver
reliability) has already been published.[16] The measured
parameters included both alignment factors (lateral distal
tibial angle [LDTA] and anterior distal tibial angle [ADTA])
and articular factors (talar tilt [TT], mortise width [MW],
lateral clear space [LCS], medial clear space [MCS], talocrural
angle [TCA], length of lateral malleolus [LLM], and length of
medial malleolus [LMM]).[19-24]
These variables were measured as described by Sommer
et al.,[16] except that the medial and lateral talar shift was
combined into a coronal talar shift (corTS). Furthermore, the
anterior and posterior talar shift was combined into a sagittal
talar shift (sagTS). Thus, the shift in one plane (coronal or
sagittal) was assessed instead of the shift in one direction
(medial or lateral and anterior or posterior).
To evaluate the impact of body height on the measured
parameters, the study population was divided into two groups
based on height (Group A ≤175 cm and Group B >175 cm).
Statistical analysis
The statistical analyses were performed with R (R: A language
and environment for statistical computing. Foundation for
Statistical Computing, Vienna, Austria. URL http://www.Rproject.org/). Means, standard deviations, ranges, coefficient
of variation, and proportions are included for the descriptive
statistics. Comparative statistics included t-tests. The level
of significance was set at P < 0.05. Cluster analysis was
performed applying the Ward method. The variables used for
clustering were as follows: Gender, height, body mass index
(BMI), MCS, LCS, TCA, LMM, and LLM. The number of
clusters was defined using a dendrogram.

RESULTS
The study group consisted of 103 patients, the majority of
whom (70.87%) were male. The mean age was 45.5 and
the mean BMI was 28.5 kg/m2. Group A was composed of
53 patients (26 were male and 27 females) with a median
height of 169 cm. Group B was composed of 50 patients
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(47 were male and three females) with a median height of
183 cm [Table 1]. The mean scores of the 11 parameters, in
total and divided by group height, are shown in [Table 2].

than 0.035 and for the five lengths, MW, MCS, LCS, LLM,
and LMM between 0.13 and 0.30. Both the two shifts (corTS
and sagTS) and TT show CV >0.827 [Table 2].

There were statistically significant differences between
Groups A and B in MW, MCS, and LLM (P = 0.023, 0.002,
and 0.022, respectively). However, there was no significant
difference in the angles between the two groups (LDTA,
ADTA, TT, and TCA). The coefficient of variance (CV)
for the three angles ADTA, LDTA, and TCA was smaller

Using cluster analysis, we could identify three morphotypes
(M1, M2, and M3) that differ in LLM [Figure 1a] and
BMI [Figure 1b]. Morphotype 1 included only females.
Morphotypes 2 and 3 included only males. Males in
morphotype 2 were obese (mean BMI 31.4). Morphotypes
1 and 3 have a normal BMI (mean BMI was 26.9 and 27.7,
respectively). There was no difference in height between
morphotypes 2 and 3 [Figure 1c].

Table 1: Patient demographics.
Total/
Group A+B

Group A
(≤175 cm)

Group B
(>175 cm)

103

53

50

30 (29.1)
73 (70.9)

27 (50.9)
26 (49.1)

3 (6)
47 (94)

45.5 (13.4)

48.2 (13.6)

42.6 (12.8)

28.5 (7.3)

28.9 (8)

28.1 (6.6)

175

169

183

Total, n
Gender, n (%)
Female
Male
Age (years)
Mean (SD)
BMI (kg/m2)
Mean (SD)
Height (cm)
Median
BMI: Body mass index

DISCUSSION
Tibial pilon fractures are complex injuries that need
challenging operative care. A possible intra- and postoperative support is the radiological parameters, which can
confirm the correct reduction.
In the present study, LDTA (89.79 ± 2.76) was comparable
to the values in the literature (88.6 ± 3.8).[19] However, TCA
and ADTA were 77.62 ± 2.64 and 84.71 ± 3.00, respectively,
and thus nearly a standard deviation smaller than what is
described in the literature by Carr (83 ± 4) and Paley et al.
(79.8±1.6).[19,24] This difference could be explained through

Table 2: Radiological parameters.

LDTA
(°, n=103)
ADTA
(°, n=102)
TT
(°, n=103)
MW
(mm, n=103)
MCS
(mm, n=103)
LCS
(mm, n=103)
TCA
(°, n=103)
LMM
(mm, n=103)
LLM
(mm, n=103)
corTS
(mm, n=103)
sagTS
(mm, n=102)

CV

P‑value*

83.0; 95.0

0.031

0.418

84.56±3.12

77.0; 96.0

0.035

0.633

−3.0; 1.0

50 −0.14±1.14

−5.0; 4.0

−5.633

0.732

5.11±1.44

2.0; 9.0

50

5.72±1.23

3.0; 8.0

0.253

0.023

53

2.92±0.58

2.0; 4.0

50

3.32±0.65

2.0; 5.0

0.207

0.002

0.0; 9.0

53

4.42±1.32

2.0; 9.0

50

4.88±1.47

0.0; 9.0

0.303

0.095

77.62±2.64

70.0; 84.0

53

77.26±2.33

74.0; 83.0

50

78.00±2.91

70.0; 84.0

0.034

0.161

16.79±2.27

11.0; 23.0

53

16.38±2.42

11.0; 22.0

50

17.22±2.04

12.0; 23.0

0.135

0.059

28.64±3.61

20.0; 39.0

53

27.85±3.40

20.0; 39.0

50

29.48±3.67

21.0; 39.0

0.126

0.022

0.27±1.72

−6.0; 5.0

53

0.51±1.76

−2.0; 5.0

50

0.02±1.66

−6.0; 3.0

6.334

0.15

2.17±1.79

−1.0; 7.0

52

2.46±1.72

0.0; 6.0

50

1.86±1.83

−1.0; 7.0

0.827

0.091

Normal
valuesa

Mean (SD)

Total
Range

n

Group A (≤175 cm)
Mean (SD)

Range

n

Mean (SD)

Group (>175 cm)
Range

88.6±3.8

89.79±2.76

78.0; 96.0

53

90.00±3.04

78.0; 96.0

50

89.56±2.43

79.8±1.6

84.71±3.00

77.0; 96.0

52

84.85±2.89

79.0; 91.0

50

0

−0.17±0.98

−5.0; 4.0

53 −0.21±0.82

4±2

5.41±1.37

2.0; 9.0

53

<4

3.12±0.65

2.0; 5.0

<5 resp. <6

4.64±1.41

83±4

LDTA: Lateral distal tibial angle, ADTA: Anterior distal tibial angle, TT: Talar tilt, MW: Mortise width, MCS: Medial clear space, LCS: Lateral clear space,
TCA: Talocrural angle, LMM: Length of medial malleolus, LLM: Length of lateral malleolus, corTS: Coronal talar shift, sagTS: Sagittal talar shift, CV:
Coefficient of variation, afor the normal values, see references in the “Discussion” section, *t‑test
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a

c

b

Figure 1: Distribution of length of lateral malleolus (a), body mass index (b), and height (c) between the three morphotypes identified using
cluster analysis.

the different composition of the population and/or a
different method of defining the tibial shaft axis [Line C of
Figure 2]; the study by Carr and Paley et al. did not specify
the composition of the population.
We found the TT values comparable with the literature
(0.17 ± 0.98),[20,21] and this was the only angle measurement
with a high CV, making it inappropriate for use as a reference
value. The high CV might be explained by a few outliers,
which presumably resulted from measurement errors due to
radiographs with incorrect projection. It has been described
that surgically treated pilon fractures with normal TT
and MW show a good clinical result in 97.2%. In contrast,
patients with abnormal TT and/or MW have a significantly
worse clinical result and were significantly associated with
the development of osteoarthritis.[5,19] Initial cartilage
damage is also associated with osteoarthritis development.
Even patients with good reduction but initial cartilage
damage develop osteoarthritis and have a worse functional
outcome.[25]
Talar shifts in the coronal and sagittal planes have not yet been
described in the literature. The lower limb’s mechanical axis
corresponds to the tibial axis and passes through the center
of the talus. A coronal talar shift results in malalignment.[26]
Furthermore, due to the high CV, it is necessary to compare
with the contralateral ankle. Only one patient displayed
a posterior talar shift. Therefore, we conclude that there
should always be a slight anterior talar shift. Future research
on the coronal and sagittal talar shifts in patients with tibial
pilon fractures should be done to evaluate their clinical
significance.
Reference values for lengths have been described in the
literature for MCS, LCS, and MW. They are all comparable
with the lengths measured in the present study, MCS is
<4 mm (3.12 ± 0.65), LCS is <5 mm (4.64 ± 1.41), respectively,
6 mm, and MW is <4 ± 2 mm (5.41 ± 1.37).[20,22,24] In the
literature, no reference values can be found for the lengths
of the medial and lateral malleolus, although the length
of the lateral malleolus has been found to be clinically
relevant. Pilon fractures were accompanied in 85% by a fibula

a

b

Figure 2: Radiographic measurements. (a) Coronal talar shift.
(b) Sagittal talar shift. corTS: Lines A, B, C, and D are drawn as
described in Sommer et al.[16] Line D’ is parallel and 5 mm distal
to Line D. Point y is defined as the intersection between line C
and line D’, and point x is the center of line D’ (projected on talus).
The distance in mm between x and y is designated as talar shift; a
positive coronal talar shift is when x is medial to y and a negative
coronal talar shift is when x is lateral to y. (a) sagTS: Lines A, B,
C, and D are drawn as described in Sommer et al.[16] Point z is the
center of the talus, defined as the center of the circle that best fit the
shape of the talar dome. The distance between point z and line C
measures the sagittal talar shift: When z is anterior to line C, it is
designated as positive sagittal talar shift; when z is posterior to C,
negative sagittal talar shift (b).

fracture.[11] Already Ruedi et al. showed that reconstruction
of the correct length of the fibula is important for better
functional results.[27] Sommer et al. also showed in their
study that only prolongation of the LLM leads to a significant
worsening of the “activity of daily living” – score (ADL).[16]
Fractures with fibular shortening or malrotation had poor
results and were significantly associated with osteoarthrosis
development.[10,13,19] Apparently, the displacement of the
medial malleolus, with an intact lateral malleolus, does not
have the same biomechanical significance.[8] In our study,
we found that for the overall population, a relation between
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the height and the length of the lateral malleolus and none
for the medial malleolus. However, the difference of mean
LLM between tall (>175 cm) and shorter (<175) individuals,
despite statistical difference, is too small for practical
purposes (only 1.6 mm).
We have found that there is a morphotype of males that
have significantly longer LLM. This morphotype also
has an increased BMI. There are no studies investigating
different morphotypes of the ankle. Standard values can
be determined for the three morphotypes, although this is
not significantly different in females (mean LLM 26 mm)
and males with normal weight (mean LLM 27.8). Only
males with overweight have longer LLM (mean LLM 32.6).
These references should also be considered intraoperatively
since overweight males tolerate an apparent overlength of
the LLM better than males of normal weight since LLM is
constitutionally longer. In contrast, males of normal weight
have an increased risk of a negative outcome, for example, in
ADL. For this reason, looking at radiographs of the opposite
side is particularly advised for males of normal weight.
Our study has some limitations. The study population
consisted of patients with tibial pilon fractures, of which 73%
were male and 72.4% had a high-energy trauma.[16] Therefore,
there might be a certain bias in the patient population.
Furthermore, our study is of cross-sectional design and the
measured 11 parameters are, therefore, static. It would be
interesting to see if they change over time and if this change
correlates with the variation of BMI or age.

CONCLUSION
Reference values from the literature are insufficient to assess
a reduction after ORIF of a tibial pilon fractures because they
are dependent on the height. This does not apply to angles
because they are independent of height. For clinical practice,
a radiological comparison to the contralateral healthy ankle
gives the best information about a successful reduction and
should be done in any case, especially in normal weight
males.
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