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The aim of this study was to compare the values of six methods in measuring the involvement of posterior malleolus and to
demonstrate the reliability and reproducibility of each method. Three independent orthopaedic surgeons, retrospectively,
measured 106 cases. The difference between the six methods was analyzed using Bonferroni-corrected paired ¢-tests after one-way
ANOVA. The agreement between the six methods was analyzed using Bland-Altman analysis. The intraclass correlation co-
efficient (ICC) was used to assess intraobserver reproducibility and interobserver reliability. Significant differences were observed
between values of any two of the six measurement methods (P < 0.0033), except between any two of the plane radiograph linear,
axial CT linear, sagittal CT linear, and 3D CT linear. The Bland-Altman plots demonstrated poor agreement between values of any
two of the six methods. The lowest intraobserver reproducibility was 0.46 (moderate) for resident surgeon using plain radiographs.
The intraobserver reproducibility for three surgeons using two-dimensional (2D) and 3D images was almost perfect (ICC,
0.82-0.96). The lowest interobserver reliability was 0.41 (moderate) between chief and attending surgeon using plain radiographs,
and it improved to almost perfect (ICC, 0.81-0.95) with the use of 3D CT images. The standard error of measurement showed
almost the same results as ICC values. The existing operative indications which were determined based on plain radiography are
neither reliable nor suitable for other measurement methods. Both 3D linear and 3D surface measurement methods are reliable
and reproducible in measuring posterior fragment involvement, and experience is not so crucial. Operative indications for
posterior malleolar fractures need to be redefined based on the 3D measurement method.

1. Introduction

Ankle fractures are among the most common lower limb
fractures, accounting for about 9% of all fractures [1].
Posterior malleolar fractures comprise 14-42% of all ankle
fractures [2]. Recently, many scholars recommended ana-
tomical reduction and internal fixation for treatment of
ankle fractures [3-5]. But still no consensus was achieved on
the operative indication for posterior malleolar fractures [6].

Several scholars suggested operative fixation of posterior
malleolar fractures when more than 25% of the tibial plafond
is involved [7-9]. A biomechanical study also demonstrated
that with fractures constituting 25% of the lateral joint line

or more, the normal dynamics of the joint were disrupted
[10]. In the meanwhile, some scholars offered different
operative indications. A biomechanical study involving 16
cadaveric specimens suggested operation when >33% of the
joint is involved based on their findings that displaced
posterior malleolar fractures produce a significant decrease
in contact area with 33% or greater involvement of the joint
[11]. Other indications include >30% of the joint is involved
with >2 mm displacement after closed reduction of the ankle
[12], >20% of the joint is involved [13], >10% of the joint is
involved [14], etc. Although the indications were different,
they were all based on a specific percentage. Therefore,
precise estimate of the articular involvement of posterior
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malleolar fractures is crucial for orthopaedic surgeons to
decide clinical treatment and judge prognosis [9].

Generally, the size of posterior malleolar fragments was
assessed using plain radiographs. However, radiographs may
be restricted by the orientation of the foot because of pain
and swelling in the acute injury. Surgeons frequently failed
to identify posterior malleolar fractures and precisely esti-
mate the size of posterior malleolar fragments when
interpreting plain radiographs [15-19]. Axial CT was also
used to measure the percentage of posterior malleolar
fractures [16, 20]. But two-dimensional (2D) CT still has
limitations in assessment. The selection of the observation
plane was also affected by the position of the ankle and the
experience of observers. A study tried to use three-dimen-
sional (3D) CT to assess the articular involvement of pos-
terior malleolar fractures [21]. But the method adopted,
which needs to integrate several sets of software, was
complex and time-consuming. The method could hardly be
applied to measure large sample and be replicated by other
scholars. So up to now, 3D CT has not been extensively
applied in posterior malleolar fracture evaluation nor has it
been reported in a study on large sample [22, 23]. With the
upgrading of computer technology, an efficient system for
computer-assisted preoperative planning has been devel-
oped [24-26]. The use of computer technology enables
multilevel and multiangle evaluation of fracture planes.
Surgeons can also perform a virtual operation efficiently and
conveniently, including reducing the fracture fragments and
selecting a suitable internal fixation device [24, 25]. With this
technology, detailed evaluation and accurate measurement
of posterior malleolar fracture may be promoted to a higher
level. If the measurement method is not reliable or repro-
ducible, large sample and multicenter studies cannot be
carried out, and the operative indications which were
summarized from the unreliable results will have no ref-
erence value. Therefore, the comparison of the results, re-
liability, and reproducibility of various methods for
measuring the articular involvement of posterior malleolar
fractures is of great significance. To our knowledge, little
literature is available comparing different kinds of methods
in measuring the articular involvement of posterior mal-
leolar fractures.

The objective of the study was (1) to explore the dif-
ference of 6 methods (plain radiograph linear, axial CT
linear, sagittal CT linear, axial CT plane, 3D CT linear, and
3D CT surface) in measuring the involvement of Haraguchi
type I posterior malleolar fragment based on a computer-
assisted preoperative planning system and large sample and
(2) to demonstrate the reliability and reproducibility of each
method.

2. Materials and Methods

2.1. Patient Demographic Data. The research project was
approved by the Ethics Committee of our hospital (Ethics
number 2012-020), and informed consent was obtained.
Trauma patients were retrospectively reviewed at our hos-
pital between May 2009 and December 2015. The inclusion
criteria were ankle fracture with posterior malleolar
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fragment, which was confirmed by CT or surgery, between
the ages of 20 and 75. The exclusion criteria were patients
with pathologic fractures, Haraguchi type II or III posterior
malleolar fractures or without standard lateral radiographs,
or 16-row spiral CT examinations. Patients were also ex-
cluded if posterior malleolar fractures could not be identified
on lateral radiographs, or measurement could not be per-
formed on 3D CT images. A total of 235 patients met the
inclusion criteria. Fifty-two patients with Haraguchi type II
posterior malleolar fractures were excluded. Twenty-five
patients were excluded for lack of CT data. Thirty-nine
patients were excluded because posterior malleolar fractures
could not be identified on lateral radiographs (Figure 1).
Twenty-five patients were excluded because measurement
could not be performed on 3D CT images. Measurement
could not be performed because of severe comminution of
articular surface or defect of the posterior malleolar frag-
ments or very small shell-shaped Haraguchi type III frac-
tures. Measurements could not be performed on both lateral
radiographs and 3D CT images in 12 patients mentioned
above. The remaining 106 patients were finally analyzed
(Table 1). All cases were classified based on CT scans
according to AO/OTA (Arbeitsgemeinschaft fiir Osteo-
synthesefragen/Orthopaedic Trauma Association) and
Lauge-Hansen Classification.

2.2. Image Evaluation. The X-ray and CT scanning data
(DICOM 3.0 format) of all patients were collected. The data
of all research subjects were firstly uploaded to picture ar-
chiving and communication system (PACS) of the hospital
and then imported into the computer-assisted orthopaedic
research system (Superlmage orthopaedics edition 1.1,
Cybermed Ltd, Shanghai, China) [24].

All the cases were evaluated by 3 independent ortho-
paedic surgeons (one chief surgeon with 18 years of image
reading and clinical experience, one attending surgeon with
9 years of experience, and one resident surgeon with 5 years
of experience). The examiners were asked to measure using
different methods in 6 phases. There was an interval of 2
weeks between each phase. All observers were blinded to the
others’ analysis. The measurements were repeated by three
observers at an interval of 4 weeks.

In phase one, observers were asked to measure lateral
radiographs of all the cases (Figure 2(a)) [14]. In phase two,
axial CT images were used. The measurement was performed
at the level of the tibial plafond (Figure 2(b)). In phase three,
sagittal reconstruction images were used. The measurement
was performed on the section of the fibular notch
(Figure 2(c)). In the first three phases, the size of posterior
malleolar fragment was measured as the percentage of the
involved distal tibial articular surface (Figure 1(a))
[14, 15, 27].

In phase four, axial CT images were used. The mea-
surement was performed at the level of the tibial plafond.
The medial malleolus area should be revealed at the same
level. The posterior malleolar fragment area and the
remaining cross-sectional area (avoid medial malleolus area)
of the tibia were delineated and measured. The ratio was then
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FIGURE I: (a) Traditional measurement method on lateral plain radiographs is shown schematically. The percentage of involved articular
surface is ii/i+1ii. (b) A case would be excluded if the fracture line could not be identified and therefore measurement could not be
performed. Images showed the lateral plain radiograph of a 23-year-old male patient with Lauge-Hansen supination-external rotation type 3
ankle fracture. The patient was excluded because the posterior malleolar fracture line was difficult to be identified on the lateral radiograph.
(c) On the sagittal multiplanar reconstruction CT image of the same patient, the posterior malleolar fracture line could be clearly identified.
(d) A large difference in the articular involvement of posterior malleolar fractures is shown on the sagittal CT images (3D pseudocolor

display mode) selected by different observers.

TaBLE 1: Demographic data of the patients (n=106).

Characteristic Value
Age, y (range) 47.3 (21 to 75)
Male, n (%) 59 (55.7)
Left, n (%) 45 (42.5)
AO/OTA classification, n (%)
44-B 75 (70.8)
44-C 31 (29.2)
Lauge-Hansen classification, n (%)
Supination-external rotation
Type 3 31 (29.2)
Type 4 43 (40.6)
Pronation-external rotation type 4 27 (25.5)
Pronation-abduction type 3 5 (4.7)

calculated as the fragment area to the total cross-sectional
area of the tibial plafond (Figure 2(d)).

In phase five and six, 3D CT images were used. To
perform 3D measurement, 3D images were firstly generated
by surface shaded display (SSD) algorithm with a recon-
struction interval of 0.625mm. Secondly, all bones and
fracture fragments were distinguished using the built-in
interactive intelligent segmentation module (Figure 3). We
hid the talus and turned over the distal tibial articular
surface. In phase five, the size of posterior malleolar frag-
ment was measured as the percentage of the involved distal
tibial articular surface (Figure 4(a)). In phase six, the surface
boundary of the posterior malleolar fragments and residual
articular surface was delineated manually. Each surface area
(along the curved plane of the distal tibia summing the
surface areas from the separate transverse images) was
calculated automatically by the software. The ratio of the

posterior malleolar fragment area to the total area of the
tibial plafond was calculated (Figure 4(b)).

2.3. Statistical Analysis. Statistical analysis was performed
using SPSS 18.0 (SPSS Inc, Chicago, IL, USA) and MedCalc
15.10.0 (MedCalc Software bvba, Ostend, Belgium). The
difference between the six measurement methods was an-
alyzed using Bonferroni-corrected paired t-tests after one-
way ANOVA. Only those P <0.05/15 = 0.0033 were con-
sidered statistically significant. The agreement between the
six measurement methods was analyzed using Bland-
Altman analysis. The intraclass correlation coefficient (ICC,
two-way mixed, single consistency) was used to assess
intraobserver reproducibility and interobserver reliability
[28]. The standard error of measurement (SEM) of the re-
peated measurements was calculated to determine the size of
the measurement error. The SEM could be estimated as the
square root of the mean square error term from the two-way
random-effect ANOVA [29].

3. Results

3.1. Articular Involvement Determined Using Six Measure-
ment Methods. One-way ANOVA showed a significant
difference between ratios determined using six measurement
methods (F=31.379, P <0.001). Significant differences were
observed between values of any two of the six measurement
methods (P <0.0033), except between plane radiograph
linear and axial CT linear (t=1.574, P = 0.118), between
plane radiograph linear and sagittal CT linear (f=1.471,
P =0.144), between plane radiograph linear and 3D CT
linear (¢=2.339, P =0.021), between axial CT linear and
sagittal CT linear (f=0.468, P = 0.641), between axial CT
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FIGURE 2: Measurement of the articular involvement of posterior malleolar fractures on lateral radiographs and 2D CT images is shown. (a)
Measurement on plain radiographs is shown practically. If we assume the horizontal distance between the front and back points of residual
articular surface at the distal end of tibia is i and the horizontal distance between the posterior malleolar fracture line and the back point of
articular surface is ii, then the percentage of involved articular surface is ii/i + ii. (b) When using axial CT linear measurement method, if we
assume the distance between the front and back points of the lateral margin of residual articular surface at the level of tibial plafond is i and
the distance between the posterior malleolar fracture line and the posterior point of lateral margin of the fragment is ii, then the percentage
of involved articular surface is ii/i+ii. (c) When using sagittal CT linear measurement method, the process is similar to that on lateral
radiographs. The percentage of involved articular surface is ii/i + ii. (d) When using axial CT plane measurement method, the boundary of
the medial malleolus should be revealed at the same level. The boundary of the posterior malleolar fragment plane (ii) and residual plane
(avoid medial malleolus area) (i) was delineated manually. Each area was calculated automatically by the software. Then the ratio of the

involved fragment area is ii/i +ii.

FiGure 3: Three-dimensional processing of thin-section axial CT images is shown. Three-dimensional images (surface shaded display) were
generated, and all component bones were distinguished by different colors.

linear and 3D CT linear (t=2.567, P = 0.012), and between
sagittal CT linear and 3D CT linear (t=1.885, P = 0.062).
The mean difference between plain radiograph linear and 3D
CT surface was 8.58% (t=10.564, P<0.0033). The mean
ratio determined using 3D CT surface was the smallest
(16.0+£8.4%) and that of 3D CT linear was the largest
(26.7+8.3%) (Table 2). Compared to 3D CT linear, the
articular involvement measured using plain radiographs and
CT linear decreased by 8% and about 3%, respectively.
Compared to 3D CT surface, the articular involvement
measured using axial CT plane increased by 17.3% (Table 2).

The Bland-Altman plots demonstrated poor agreement
between values of any two of the six measurement methods.
Within the range of 95% limits of agreement (95% LoA),
maximum difference of more than 10% could be observed on
most plots except for axial CT linear-sagittal CT linear, axial
CT linear-3D CT linear, and axial CT plane-3D CT surface
plot. The axial CT linear-sagittal CT linear plot showed the
lowest mean difference: 0.21% (95% LoA —8.82 to 9.24%;

95% confidence interval for the bias —0.68 to 1.10%) (Ta-
ble 3) (Figure 5(a)). The axial CT plane-3D CT surface plot
showed the smallest difference interval: 95% LoA was 3.02 to
8.55% (Figure 5(b)).

3.2. Reliability and Reproducibility for Measurements. For
fracture size measurement, the lowest intraobserver re-
producibility was 0.46 (moderate) for resident surgeon
using plain radiographs, and it improved to substantial
(ICC=0.77) for attending surgeon and to almost perfect
(ICC =0.82) for chief surgeon using plain radiographs. The
intraobserver reproducibility for three surgeons using
axial CT linear, sagittal CT linear, axial CT plane, 3D CT
linear, and 3D CT surface was almost perfect (ICC,
0.82-0.96). For chief surgeon, the intraobserver repro-
ducibility was almost perfect. And the ICC increased from
0.82 using plain radiographs to 0.94 using 3D CT surface
(Table 4).



BioMed Research International

(b)

FIGURE 4: Measurement of the articular involvement of posterior malleolar fractures on 3D CT image is shown. (a) When using 3D CT linear
measurement method, on the lateral border of the tibial plafond, if we assume the distance between front and back points of the residual
articular surface is i and the distance between posterior malleolar fracture line and back point is ii, then the percentage of involved articular
surface is ii/i +ii. (b) When using 3D CT surface measurement method, the surface boundary of the posterior malleolar fragment (ii) and
residual articular surface (i) was delineated manually. Each surface area was calculated automatically by the software. Then, the ratio of the
involved fragment area is ii/i +ii.

TABLE 2: Fracture involvement determined using six measurement methods.

Measurement method Fracture involvement in mean + SD (%) 95% CI

Plane radiograph linear 246+79 23.1-26.1
Axial CT linear 26.0+8.9 24.3-27.7
Sagittal CT linear 25.8+7.8 24.3-27.3
Axial CT plane 18.8+7.9 17.3-20.3
3D CT linear 26.7+8.3 25.1-28.3
3D CT surface 16.0+8.4 14.4-17.6

TaBLE 3: Agreement between values of any two of the six measurement methods.

Axial CT linear Sagittal CT linear

Axial CT plane 3D CT linear 3D CT surface

Plain radiograph
linear

Axial CT linear
Sagittal CT linear
Axial CT plane
3D CT linear

0.21, -8.82 to 9.24

5.82,-10.75t0 22.38 -1.22,-17.89t0 15.46 -1.42,-19.69to 16.84 -2.13, -20.52 to 16.25 8.58, —7.81 to 24.98

7.24, 1.21 to 13.28
7.03, —=1.17 to 15.24

-0.71, -6.26 to 4.84 10.00, 3.88 to 16.13
-0.92, -10.72 to 8.89 9.80, 2.87 to 16.73
-7.95,-15.83 t0 -0.07 2.77, 3.02 to 8.55

10.71, 2.72 to 18.71

Data are presented as mean difference (%), Bland—-Altman 95% limits of agreement (mean difference + 1.96 SD) (%).

The lowest interobserver reliability was 0.41 (moderate)
between chief and attending surgeon using plain radio-
graphs, and it improved to substantial (ICC, 0.68-0.79) with
the use of axial CT linear and to almost perfect (ICC,
0.81-0.95) with the use of 3D CT linear and 3D CT surface
(Table 4).

The standard error of measurement showed almost the
same results as ICC values. The lowest intraobserver reli-
ability was 7.49 for resident surgeon using plain radiographs,
while the highest was 1.91 for attending surgeon using 3D
CT surface. The lowest interobserver reliability was 7.51
between chief and resident surgeon using plain radiographs,
while the highest was 1.81 between chief and attending
surgeon using 3D CT surface (Table 5).

4, Discussion

Up to now, controversy still remains on the operative in-
dication for posterior malleolar fractures [6], and various
indications were proposed which were based on a specific
percentage measured by plain radiographs [7-14]. However,
the operative indications will have no reference value if the
measurement method itself is not reliable or reproducible.
Therefore, the comparison of the results, reliability, and
reproducibility of various methods for measuring posterior
malleolar articular involvement is of great significance. In
this study, significant differences were observed between
values of any two of the six measurement methods, except
between any two of the plane radiograph linear, axial CT
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FIGURE 5: (a) Bland-Altman plot of axial CT linear and sagittal CT linear shows the 95% limits of agreement. (b) Bland-Altman plot of axial

CT plane and 3D CT surface shows the 95% limits of agreement.

TaBLE 4: Inter- and intraobserver agreement for fracture involvement determined using six measurement methods.

Examiner

Plain radiographs

Axial CT linear

Sagittal CT linear

Axial CT plane

3D CT linear

3D CT surface

Chief-chief

Attending-attending

Resident-resident
Chief-attending
Chief-resident

Attending-resident

0.82 (0.74-0.87)
0.77 (0.68-0.84)
0.46 (0.30-0.60)
0.41 (0.24-0.55)
0.43 (0.26-0.57)
0.67 (0.55-0.76)

0.89 (0.85-0.93)
0.92 (0.88-0.94)
0.90 (0.86-0.93)
0.79 (0.70-0.85)
0.68 (0.56-0.77)
0.70 (0.59-0.79)

0.88 (0.83-0.92)
0.85 (0.78-0.89)
0.82 (0.75-0.88)
0.73 (0.63-0.81)
0.52 (0.37-0.65)
0.59 (0.45-0.70)

0.92 (0.88-0.94)
0.96 (0.94-0.97)
0.94 (0.91-0.96)
0.66 (0.53-0.75)
0.70 (0.59-0.78)
0.60 (0.46-0.71)

0.91 (0.88-0.94)
0.91 (0.87-0.94)
0.88 (0.82-0.91)
0.84 (0.78-0.89)
0.81 (0.74-0.87)
0.83 (0.76-0.88)

0.94 (0.92-0.96)
0.95 (0.93-0.97)
0.91 (0.88-0.94)
0.95 (0.93-0.97)
0.95 (0.93-0.97)
0.90 (0.86-0.93)

Values are presented as intraclass correlation coefficient values with 95% confidence interval; agreement was divided into 6 levels, including almost perfect
(0.81 to 1.00), substantial (0.61-0.80), moderate (0.41 to 0.60), fair (0.21 to 0.40), slight (0.00 to 0.20), and poor (below 0.00).

TaBLE 5: Inter- and intraobserver reliability for fracture involvement determined using six measurement methods.

Examiner Plain radiographs  Axial CT linear  Sagittal CT linear =~ Axial CT plane 3D CT linear 3D CT surface
Chief-chief 4.66 3.01 3.25 2.37 2.59 2.01
Attending-attending 4.79 3.18 3.62 211 2.92 1.91
Resident-resident 7.49 3.13 3.99 2.25 3.11 2.68
Chief-attending 7.49 4.60 4.60 5.28 3.55 1.81
Chief-resident 7.51 5.35 6.28 4.80 3.69 1.98
Attending-resident 5.46 5.59 5.90 5.88 3.75 2.79

Values are presented as standard error of measurement; the larger the standard error of measurement, the lower the reliability.

linear, sagittal CT linear, and 3D CT linear. Poor agreement
between values of any two of the six methods was observed.
Three-dimensional CT showed the highest intraobserver
reproducibility and interobserver reliability among three
imaging modalities, while plain radiography revealed the
lowest.

For diagnosing posterior malleolar fractures in our
study, surgeons could not identify fracture line in 39 cases
(18.6%) using plain radiographs. The fracture line of pos-
terior malleolus was hard to identify as the overlap of the
distal tibia and fibula. Therefore, for patients with confirmed
or suspected ankle fracture, the potential risk of missing
diagnosis of posterior malleolar fracture makes further CT
examination necessary [15]. Some researchers recom-
mended to diagnose and measure posterior malleolar
fractures with 50 degrees external rotation lateral view [30].

Haraguchi type I fractures are oblique, but Haraguchi type II
fractures are almost parallel to the coronal plane [17]. Due to
the diversity of fracture lines of posterior malleolus, we
doubt if one lateral view can satisfy all situations. In addition,
patients may not cooperate because of pain and swelling of
the ankle in the acute injury.

Plain radiographs are neither adequate in the diagnosis
of posterior malleolar fractures nor reliable in assessing the
posterior articular involvement. Ferries et al. [16] found a big
difference between plain radiography and axial CT in the
measurement of the articular involvement of posterior
malleolar fractures. About 54% of the plain radiographic
readings revealed >25% error. Meijer et al. [18] claimed a
mean difference of 10.9% between plain radiographs and 3D
CT images. In our study, similar findings were achieved. The
mean difference was 5.82% between plain radiograph linear
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and axial CT plane and 8.58% between plain radiograph
linear and 3D CT surface. The involvement of the fragment
depends largely on which measurement method is used.
Therefore, the existing operative indications determined
based on plain radiography are not suitable for other
measurement methods.

Some studies suggested that morphology of the posterior
malleolar fragment might be more important than size for
clinical decision making [21, 31]. Haraguchi type II fracture
was also considered to be posterior pilon fracture, which has
more complex mechanism and more special morphological
characteristics [32]. Therefore, patients with Haraguchi type
IT fractures were not enrolled in this study. However, the
morphology of posterior malleolus is hard to be determined
using plain radiographs. We can only account on unap-
parent indications, such as a double-sign, to indicate the
presence of Haraguchi type II fracture [31]. Thus, CT is
useful not only in judging whether there is a fracture but also
in identifying fracture morphology.

In our study, the level of intraobserver reproducibility of
resident surgeon and all interobserver reliability for size
measurement when based on plain radiographs was not
clinically accepted. The previous study also concluded the
impossibility to assess accurately the size of the posterior
malleolar fragment on plain radiographs [17]. Meijer et al.
[18] reported an interobserver agreement (ICC) of 0.61 on
plain radiographs, which was similar to our results. A
possible explanation of substantial bias is the obliqueness of
the fracture line to the X-ray beam [10, 33]. Previous op-
erative indications such as 25% and 33% were all set based on
plain radiographs [7-9, 12-14]. The clinical significance of
these indications is doubtful because the measurement
method itself is unreliable and unrepeatable. Although the
intraobserver reproducibility was almost perfect using 2D
CT images (axial CT linear, sagittal CT linear, and axial CT
plane), the interobserver reliability was substantial. Two
main problems in measuring with CT images are important.
Firstly, different from plain radiographs and 3D CT images,
the measurement level of 2D CT would be determined by
each observer. This might reduce the reliability and re-
producibility. Secondly, when measuring the total cross-
sectional area at the level of the tibial plafond, some previous
studies overestimated the denominator (the total area of the
tibial plafond) as it contains the area of the medial malleolus
[16, 20]. When 3D CT was used, the intra- and interobserver
agreement was stable and acceptable. Distal tibial articular
surface cannot be observed by traditional imaging technique
under direct vision because of obstruction by talus. The SSD
technique, which had been proved to be superior in bony
surface reconstructions, was used to distinguish bony
structures in our study [24, 34]. The tibial plafond was
revealed and measured under direct vision after hiding the
talus. Therefore, the operative indications need to be
reevaluated with the use of a more reliable and reproducible
measurement method such as 3D CT linear or 3D CT'surface
methods.

The above measurement methods can be summarized
into two categories. One category is to measure the ratio of
the lateral margin of the posterior malleolar fragment to the

total fibular notch (plain radiograph, axial CT linear, sagittal
CT linear, and 3D CT linear), which was in line with the
traditional method [14]. The other is to measure the ratio of
the area of the fragment to the total tibial plafond (axial CT
plane and 3D CT surface). The 3D CT linear measurement
method from the first category and the 3D CT surface
measurement method from the second category were proved
to be reliable and reproducible. However, linear measure-
ment could only detect the injury degree of the fibular notch
and could not show the true injury area of the joint surface.

Interestingly, the results revealed that the level of ex-
perience was not so important to intraobserver reproduc-
ibility when using 3D CT images. One may guess that more
experience would result in better consistency in measuring
fracture involvement. When based on plain radiographs,
experience is exactly crucial. The intraobserver reproduc-
ibility of resident surgeon cannot be clinically accepted.
However, using 3D CT images was not the case. The level of
intra- and interobserver agreement was similar among three
surgeons. The level of intraobserver reproducibility of res-
ident surgeon was significantly enhanced.

The current study had some limitations. Firstly, we only
included patients with striking posterior malleolar fracture
line on lateral plain radiographs. Therefore, the ICC might
be higher than those in published reports. Besides, a small
part of the patients were excluded from the samples because
of severe comminution or defect of posterior malleolar
fragments on 3D CT images. Continuous further studies are
required to solve these problems.

5. Conclusions

The existing operative indications which were determined
based on plain radiography are neither reliable nor suitable
for other measurement methods. Both 3D linear and 3D
surface measurement method are reliable and reproducible
in measuring posterior fragment involvement, and experi-
ence is not so crucial. We call on further multicenter clinical
research on large sample to demonstrate the relationship
between prognosis and posterior malleolar fracture in-
volvement on the basis of 3D CT images, in order to redefine
the operative indications for posterior malleolar fractures.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The authors thank the Radiology Department of our hospital
for their assistance with original image collection. This re-
search was supported by the National Natural Science
Foundation of China (Grant no. 81370053) and Municipal



Human Resources Development Program for Outstanding
Leaders in Medical Disciplines in Shanghai (2017BR059).

Supplementary Materials

Figure S1: Bland-Altman plots and detailed comparison
data of any two of the measurement methods (associated
with the data of Table 3). (Supplementary Materials)

References

(1]
(2]

(3]

(4]

(5]

(6]

(10]

(11]

(12]

(13]

(14]

C. M. Court-Brown and B. Caesar, “Epidemiology of adult
fractures: a review,” Injury, vol. 37, no. 8, pp. 691-697, 2006.
K. J. Koval, J. Lurie, W. Zhou et al., “Ankle fractures in the
elderly: what you get depends on where you live and who you
see,” Journal of Orthopaedic Trauma, vol. 19, no. 9,
pp. 635-639, 2005.

V. Ribeiro de Avila, T. Bento, W. Gomes, J. Leitdo, and
N. Fortuna De Sousa, “Functional outcomes and quality of life
after ankle fracture surgically treated: a systematic review,”
Journal of Sport Rehabilitation, vol. 27, no. 3, pp. 274-283,
2018.

D. J. Keene, E. Williamson, J. Bruce, K. Willett, and
S. E. Lamb, “Early ankle movement versus immobilization in
the postoperative management of ankle fracture in adults: a
systematic review and meta-analysis,” Journal of Orthopaedic
& Sports Physical Therapy, vol. 44, no. 9, pp. 690-C7, 2014.
H. G. Jung, J. I. Kim, J. Y. Park et al., “Is hardware removal
recommended after ankle fracture repair?,” BioMed Research
International, vol. 2016, Article ID 5250672, 7 pages, 2016.
J. Evers, M. Fischer, 1. Zderic et al.,, “The role of a small
posterior malleolar fragment in trimalleolar fractures: a
biomechanical study,” The Bone & Joint Journal, vol. 100-B,
no. 1, pp. 95-100, 2018.

J. Forberger, P. V. Sabandal, M. Dietrich et al., “Posterolateral
approach to the displaced posterior malleolus: functional
outcome and local morbidity,” Foot & Ankle International,
vol. 30, no. 4, pp. 309-314, 2009.

T. L. Meyer Jr. and K. W. Kumler, “A.S.ILF. technique and
ankle fractures,” Clinical Orthopaedics and Related Research,
vol. 150, pp. 211-216, 1980.

N. C. Tejwani, B. Pahk, and K. A. Egol, “Effect of posterior
malleolus fracture on outcome after unstable ankle fracture,”
The Journal of Trauma: Injury, Infection, and Critical Care,
vol. 69, no. 3, pp. 666-669, 2010.

V. W. Macko, L. S. Matthews, P. Zwirkoski, and
S. A. Goldstein, “The joint-contact area of the ankle. The
contribution of the posterior malleolus,” The Journal of Bone
& Joint Surgery, vol. 73, no. 3, pp. 347-351, 1991.

J. M. Hartford, J. T. Gorczyca, J. L. Mcnamara, and B. Mayor,
“Tibiotalar contact area. Contribution of posterior malleolus
and deltoid ligament,” Clinical Orthopaedics and Related
Research, no. 320, pp. 182-187, 1995.

A. A. Abdelgawad, A. Kadous, and E. Kanlic, “Posterolateral
approach for treatment of posterior malleolus fracture of the
ankle,” The Journal of Foot and Ankle Surgery, vol. 50, no. 5,
pp. 607-611, 2011.

R. A. Jaskulka, G. Ittner, and R. Schedl, “Fractures of the
posterior tibial margin: their role in the prognosis of malleolar
fractures,” The Journal of Trauma: Injury, Infection, and
Critical Care, vol. 29, no. 11, pp. 1565-1570, 1989.

J. F. Langenhuijsen, M. J. Heetveld, J. M. Ultee, E. P. Steller,
and R. M. J. M. Butzelaar, “Results of ankle fractures with
involvement of the posterior tibial margin,” The Journal of

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

BioMed Research International

Trauma: Injury, Infection, and Critical Care, vol. 53, no. 1,
pp. 55-60, 2002.

L. Biichler, M. Tannast, H. M. Bonel, and M. Weber, “Reli-
ability of radiologic assessment of the fracture anatomy at the
posterior tibial plafond in malleolar fractures,” Journal of
Orthopaedic Trauma, vol. 23, no. 3, pp. 208-212, 2009.

J. S. Ferries, T. A. Decoster, K. K. Firoozbakhsh, J. F. Garcia,
and R. A. Miller, “Plain radiographic interpretation in tri-
malleolar ankle fractures poorly assesses posterior fragment
size,” Journal of Orthopaedic Trauma, vol. 8, no. 4, pp. 328-
331, 1994.

N. Haraguchi, H. Haruyama, H. Toga, and F. Kato, “Patho-
anatomy of posterior malleolar fractures of the ankle,” The
Journal of Bone and Joint Surgery, vol. 88, no. 5, pp. 1085-
1092, 2006.

D. T. Meijer, J. N. Doornberg, I. N. Sierevelt et al., “Guess-
timation of posterior malleolar fractures on lateral plain ra-
diographs,” Injury, vol. 46, no. 10, pp. 2024-2029, 2015.

O. Gonzalez, J. J. Fleming, and A. J. Meyr, “Radiographic
assessment of posterior malleolar ankle fractures,” The Journal
of Foot and Ankle Surgery, vol. 54, no. 3, pp. 365-369, 2015.
Y. Yi, D. I. Chun, S. H. Won, S. Park, S. Lee, and J. Cho,
“Morphological characteristics of the posterior malleolar
fragment according to ankle fracture patterns: a computed
tomography-based study,” BMC Musculoskeletal Disorders,
vol. 19, no. 1, p. 51, 2018.

L. Mangnus, D. T. Meijer, S. A. Stufkens et al., “Posterior
malleolar fracture patterns,” Journal of Orthopaedic Trauma,
vol. 29, no. 9, pp. 428-435, 2015.

S. Zhong, L. Shen, J.-G. Zhao et al., “Comparison of post-
eromedial versus posterolateral approach for posterior mal-
leolus fixation in trimalleolar ankle fractures,” Orthopaedic
Surgery, vol. 9, no. 1, pp. 69-76, 2017.

M. C. Solan and A. Sakellariou, “Posterior malleolus fractures:
worth fixing,” The Bone & Joint Journal, vol. 99-B, no. 11,
pp. 1413-1419, 2017.

Y. Chen, X. Jia, M. Qiang, K. Zhang, and S. Chen, “Computer-
assisted virtual surgical technology versus three-dimensional
printing technology in preoperative planning for displaced
three and four-part fractures of the proximal end of the
humerus,” The Journal of Bone and Joint Surgery, vol. 100,
no. 22, pp. 1960-1968, 2018.

Y. Chen, M. Qiang, K. Zhang, H. Li, and H. Dai, “Novel
computer-assisted preoperative planning system for humeral
shaft fractures: report of 43 cases,” The International Journal
of Medical Robotics and Computer Assisted Surgery, vol. 11,
no. 2, pp. 109-119, 2015.

Y. Yoshii, T. Kusakabe, K. Akita, W. L. Tung, and T. Ishii,
“Reproducibility of three dimensional digital preoperative
planning for the osteosynthesis of distal radius fractures,”
Journal of Orthopaedic Research, vol. 35, no. 12, pp. 2646-
2651, 2017.

H.-L. Xu, X. Li, D.-Y. Zhang et al., “A retrospective study of
posterior malleolus fractures,” International Orthopaedics,
vol. 36, no. 9, pp. 1929-1936, 2012.

P. E. Shrout and J. L. Fleiss, “Intraclass correlations: uses in
assessing rater reliability,” Psychological Bulletin, vol. 86, no. 2,
pp. 420-428, 1979.

J. P. Weir, “Quantifying test-retest reliability using the
intraclass correlation coefficient and the SEM,” Journal of
Strength and Conditioning Research, vol. 19, no. 1, pp. 231-
240, 2005.

N. A. Ebraheim, A. O. Mekhail, and S. P. Haman, “External
rotation-lateral view of the ankle in the assessment of the


http://downloads.hindawi.com/journals/bmri/2020/6745626.f1.tif

BioMed Research International

posterior malleolus,” Foot & Ankle International, vol. 20,
no. 6, pp. 379-383, 1999.

[31] T. A. Irwin, J. Lien, and A. R. Kadakia, “Posterior malleolus
fracture,” Journal of the American Academy of Orthopaedic
Surgeons, vol. 21, no. 1, pp. 32-40, 2013.

[32] L. F. Amorosa, G. D. Brown, and ]. Greisberg, “A surgical
approach to posterior pilon fractures,” Journal of Orthopaedic
Trauma, vol. 24, no. 3, pp. 188-193, 2010.

[33] E. Geusens, W. Geyskens, P. Brys, and H. Janzing, “The role of
the reversed oblique radiograph in trauma of the foot and
ankle,” European Radiology, vol. 10, no. 3, pp. 476-479, 2000.

[34] B. S. Kuszyk, D. G. Heath, D. F. Bliss, and E. K. Fishman,
“Skeletal 3-D CT: advantages of volume rendering over
surface rendering,” Skeletal Radiology, vol. 25, no. 3,
pp. 207-214, 1996.



