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Objective: The present study was carried out to determine the relationship of true ankle center, the extreme-midpoint of the
ankle and tibial axis for identification of lower limb alignment in Thai subjects.

Material and Method: There were 26 volunteers in our study, 13 male and 13 female with their ages ranged between 20 and
40 years. All underwent plain true antero-posterior radiograph of their both ankle joint including distal one-third of their
tibias, which were controlled by a special splint. Three variables were made on the radiograph including one line and two
points. The line was the axis of the distal tibia, which was performed by the use of connecting of center points of tibial diaphysis
and metaphysis. The first point was the center of talar dome at the subchondral bone or the true ankle center and the second
point, the anatomical ankle center or the extreme-midpoint of the ankle, which was the mid-point between the lateral most rim
of lateral malleolus and the medial most rim of medial malleolus. Then the distances between the tibial axial line and these two
points were measured by the use of perpendicular lines between the tibial axial line and those points.

Results: The center of the talar dome was in the distal tibial axis in all radiographs. The anatomical ankle center or the
extreme-midpoint of the ankle located lateral to the axis with an average distance of 2.1 + 1.1 mm. This finding did not depend
on our volunteers’ biodata.

Conclusion: To identify the lower end point of mechanical axis of the lower extremity in Thai subjects, the true ankle center
located approximately 2 mm medial to the extreme-midpoint, which commonly used as anatomic landmark of the ankle center.
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Accurate coronal alignment of the lower limb
is important for the success of several orthopedic
procedures, especially in reconstructive surgery around
the knee. Correction of the mechanical axis, which
passes through the lateral compartment of the knee, is
the principle of the high tibial osteotomy procedure for
the treatment of varus osteoarthritic knee®?. For total
knee arthroplasty (TKA), restoration of the neutral
mechanical axis has been proposed to be associated
with good clinical outcomes®*®. Malalignment after
these procedures has been reported to correlate with
suboptimal post-operative outcomes and higher
complication and failure rates®®.

The center of the ankle, which is usually
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defined as the center of the proximal articular surface
of the talar dome, is the crucial point for the identifi-
cation of the distal end of the mechanical axis. Although
several anatomic methods to determine the ankle center
have been published®V, the midpoint between the
most medial and most lateral rims of the malleoli, so-
called the extreme-midpoint, was commonly used and
proved to be the most accurate and precise method®?,
However, a lateral error of 4.5 + 4.1 mm was reported
from using this point to identify the center of the ankle.
This error might be varied by the structure of the body
or race. Therefore, the purpose of the present study
was to find out the relationship between the ankle center
and the extreme-midpoint in Thais for our clinical use.

Material and Method

The present study was carried out between
July and August 2009. Twenty-six healthy Thai
volunteers, 13 male and 13 female, with their ages ranged
between 20 and 40 years were included in the present
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study. Exclusion criteria were 1) patients who had ankle
pain, 2) patients who had a history of ankle injury or
disorders, 3) patients who had previous ankle surgery
and 4) patients who had osteoarthritic ankle. The
present study was approved by the Ethics Committee
of Siriraj Hospital.

A special designed plastic-wooden splint was
applied to the volunteer ankle up to their knees. The
splint could fix the volunteer’s ankle in neutral position
with the knee at full extension. Fixation was reinforced
by the use of 2 Velcro-straps, at the thigh and leg.
While the volunteer was in supine position, the
prepared ankle was underwent a digital plain
radiography in antero-posterior view with a x-ray beam
centered and perpendicular to the ankle joint (Fig. 1).
The distance between the x-ray tube and the cassette
was 0.6 meters. Radiographic accuracy was defined
when the ankle joint line was perpendicular to the
anatomical axis of the distal tibia and the tibiotalar
articular surfaces were parallel.

The obtained digital films were interpreted by
the use of measurement tools of the patient archiving
and communication system (PACS). Three radiographic

Fig. 1  The picture demonstrates the radiographic method
to obtain a supine anteroposterior ankle film with
the specially designed splint
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landmarks were created from these radiographs,
including one line and two points. First was the axis of
distal tibia, which connecting between midpoints of
tibial diaphysis and metaphysis. Second was the true
center of the ankle, which identified as the center of the
talus at the level of subchondral bone®. And the third
was the anatomical center of the ankle or the extreme-
midpoint, which defined as the midpoint of a line
connecting the medial and lateral most rims of the
malleoli (Fig. 2). Then, the distances between the distal
tibial axis and these two points were measured in

Fig. 2  (A) The ankle radiograph shows the identification
of the anatomical axis of the distal tibia (ADT), the
center of the talus (Tc) and the extreme-midpoint
[Em: the midpoint of a line connecting the most
medial (Mm) and most lateral (MI) aspects of the
malleoli] (B) The zoom-in image demonstrates the

measurement of the distance deviation (X)

J Med Assoc Thai Vol. 95 Suppl. 9 2012



perpendicular plane to the distal tibial axis. The distance
deviations of the extreme-midpoint from the center of
the talus were calculated and set as positive if lateral
deviation of extreme-midpoint was present and as
negative if medial deviation of extreme-midpoint was
present (Fig. 2).

The data were analyzed using the SPSS
statistical software, version 13.0. Quantitative data are
expressed as the mean + SD and the differences
were analyzed using the Student’s t-test. Pearson’s
correlation coefficient was used to determine the
correlation between the distance deviations of two
points and the subjects’ demographics. P-values less
than 0.05 were regarded as statistically significant. The
intra- and inter-observer reliability for the two investiga-
tors in measuring the radiographic outcome was
expressed as the intraclass correlation coefficients
(ICCs).

Results

The mean age of the subjects was 29.4 + 4.2
years (range 23 to 39 years). On average, the female
subjects were slightly older than the male subjects (p =
0.75). There were significant differences in height and
weight between the genders but the calculated body
mass indexes (BMI) were not significantly different (p
=0.696). The subjects’ biodata are summarized in the
Table 1.

Based on the radiographic evaluation, the true
center of the ankle located along the axial line of the
distal tibia in all films. 94.2% of the extreme-midpoint
located lateral to the true center of the ankle and the
remaining 5.8% was in the same point. The mean
distance deviation between these two points was 2.1 +
1.1 mm (range 0.0 to 4.8 mm). In male volunteers, the
mean lateral deviation of the extreme midpoint from the
tibial axial line was 1.9 + 1.2 mm, whereas the mean
lateral deviation of 2.3 + 1.0 mm was found in female
volunteers. However, there was no significant difference
between the groups (p = 0.250). Pearson’s correlation
coefficients did not demonstrate any correlations

Table 1. The subjects’ characteristics

between the distance deviations and the subjects’
characteristics (p > 0.05). Furthermore, for the reliability
of the radiographic measurements, ICCs of more than
0.95 were expressed as either intra- or inter-rater
agreement.

Discussion

The center of the ankle is one of the most
important referent points for determining the overall
alignment of the lower limb, especially in the coronal
plane. In corrective osteotomy around the knee or in
conventional TKA, arigid or traditional mechanically
guided rod is used to achieve the desired post-operative
alignment. However, several techniques using the
anatomical landmarks to identify the ankle center have
been proposed®*, With the most accurate and precise
anatomic method, the extreme-midpoint, an error of 4.5
+ 4.1 mm was still observed®?. The authors therefore
aimed to determine the relationship of true ankle center,
the extreme-midpoint and tibial axis in Thai subjects.

From the present study, the extreme-midpoint
located lateral to the true ankle center and the distal
tibial axis with a mean distance of 2.1 + 1.1 mm which
was significantly different from the previous report®?,
In addition to the limitation of sample size, the extreme-
midpoint of that study was located by digitizing the
anatomic landmarks via the computer-assisted
navigation system and represented the midpoint of the
actual transmalleolar axis. Compared to our study, with
a greater sample size, the authors determined the
extreme-midpoint in the coronal plane only that could
be easily applied in traditional reconstructive knee
surgery. However, there are some limitations in the
present study. The authors focused only on the coronal
plane. In the sagittal plane, the center of the ankle
determined the posterior tibial slope, which could affect
the outcomes or tibiofemoral kinematics after
reconstructive knee surgery®+®. In addition, the
clinical trial using our method should be carried out to
confirm its reliability.

In conclusion, the true ankle center and the

Characteristics Female (n = 13) Male (n = 13) p-value
Age (yrs) 309+5.1 279+25 0.750
Weight (kgs) 575+125 73.1+86 0.001
Height (cms) 156.7 + 6.8 1742+5.9 <0.001
BMI (kg/m?) 235+5.1 241+29 0.696

All values are presented as the Mean + Standard Deviation. BMI = Body mass index
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tibial axis of Thai subjects were found to be located
medially to the extreme-midpoint by approximately 2

mm.
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