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Introduction

Deformity of the distal tibia in the coronal plane may be congenital, dysplas-
tic, developmental or traumatic in origin. Many authors have investigated the 
value of reconstruc-tive procedures.5,12 ,14,15,19–22 Corrective surgery is usually 
planned based on upright, weight bearing, full lower limb radiographs. The 
ankle joint orientation is in slight valgus to the tibial shaft axis. During the 
midstance phase of gait, the tibia is thought to be in approximately 3 degrees 
of adduction, thereby allowing the tibial plateau to become horizontal.16 The 
slight valgus of the ankle joint makes the distal tibial plafond parallel to the 
knee joint and therefore, parallel to the ground during single leg stance. If a 
deformity above the ankle is suspected, it is generally accepted that radio-
graphic evaluation should commence with weight-bearing bilateral mortise 
and lateral films on long cassettes. However, measurements are sometimes 
made on mortise images of the ankle only, which do not include the tibial 
plateau. It is not yet known if these mortise view measurements are reliable, 
reproducible and valid as compared to the anatomical and mechanical axes 
measured in whole leg images. We hypothesized that the medial distal tibial 
angle (MDTA)16 would not be the same when measured on whole lower leg 
images compared with mortise view ankle images.

Materials and methods

Population

A power analysis was performed before this institutional review board-ap-
proved study was begun. We calculated that a sample of 37 radiographs would 
be required to detect a difference of 2 degrees (own preliminary investigati-
ons) between the mortise radiographs and the lower leg radiographs with an 
alpha of 0.05, a power of 0.80, and a standard deviation of 3 degrees.7,9 Sub-
sequently, 24 healthy volunteers without a history of ankle surgery or defor-
mation of the lower limb were recruited. There were 12 men and 12 women 
included with a mean age of 32 ± 7.6 (range, 21 to 56) years.
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Radiographic technique

The volunteers stood in an upright position, bearing weight on both legs 
without footwear. Plain radiographs were taken of both lower legs in exactly 
the same fashion. First a mortise-view radiograph was taken with the foot in 
20 degrees internal rotation. The film focus distance (FFD) was 100 cm in all 
cases. The beam (6 mAs, 55 kV) was centered on the ankle joint. The second 
image taken was of the whole lower leg. The volunteers stood on both legs 
with a 10 cm foam block separating the ankles. The patient was positioned 
with the patellae facing forward. The FFD was 200 cm in all cases. The beam 
(8 mAs, 64 kV) was centered on the middle of the tibia halfway between the 
knee joint and ankle joint.

Measurement methods

The mechanical axis of the tibia passes through the center of the knee joint 
line to the center of the ankle plafond. The anatomical axis of the tibia is the 
mid-diaphyseal line. The mechanical axis was chosen for this study as it was 
considered easier to determine with reliability. Additionally, the tibia has 
a slight physiological s-shape and no study has yet reported on which two 
mid-diaphyseal points to choose. 
 The radiographic images were evaluated with Image Access® software. 
A randomized database was created with all lower leg and mortise views of 
the ankle mixed. The five observers, a fellowship trained orthopaedic foot 
and ankle surgeon (M.K.), three residents interested in foot and ankle surgery 
(S.S., A.B., and J.S.) and one biomechanical movement scientist experienced 
in foot and ankle imaging (L.B.), measured all images according to the proto-
col below.
 To establish the center of the tibial plateau (Figure 1: “1”), a circle was 
drawn (Figure 1: “2”) and positioned to fit between the medial and lateral 
cortex at the widest location of the tibial plateau (Figure 1: “3”). The center of 
the circle was the most proximal point of the longitudinal mechanical axis of 
the tibia (Figure 1: “D”). The center of the ankle joint was less straightforward 
to determine. Each observer drew a circle over the distal tibia and adjusted its 
radius so it would fit inside three cortices: the medial, lateral and tibial pla-
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fond (Figure 1: “A”). The center of the circle (Figure 1: “C”) was on the mecha-
nical axis that passed through the center of the talus (Figure 1: “B”). 
 The joint orientation line in the frontal plane was drawn across the flat 
subchondral line of the tibial plafond.16 Three medial distal tibial angles were 
measured: one ‘high’ (the angle between the joint orientation line and the 
mechanical axis of the tibia measured on entire lower leg views), one ‘middle’ 
and one ‘low’ (the angle between the joint orientation line and the mechani-
cal axis measured distally in the tibia). The ‘high’ MDTA (Figure 2: “a”) was 
measured by finding the center of the tibial plateau (Figure 2: “A”), the center 
of the ankle (Figure 2: “B”), connecting the points by the tibial mechanical 
axis (Figure 2: “C”), and the joint orientation line (Figure 2: “D”).
 As many ankle mortise views do not show the entire tibial shaft, we 
wanted to evaluate how far distally the MDTA could be reliably measured. 
Figure 3 illustrates how the ‘middle’ MDTA was measured. The mechanical 
axis of the tibia cannot be drawn while the plateau is not visible. Therefore a 
most proximal mid-diaphyseal point was chosen (Figure 3: “A”) and connec-
ted with a point in the center of the distal tibial metaphysis, which we consi-
dered to be the center of the ankle joint (Figure 3: “B”) (see also Figure 5). The 
MDTA (Figure 3: “a”) was the angle between the provisional tibial axis (Figure 
3: “C”) and the joint orientation line (Figure 3: “D”). Figure 4 shows the ‘low’ 
MDTA. To mimic situations in which only a small mortise view of the ankle 
was available, a circle was drawn on top of the distal circle to determine the 
joint center. The circles touched each other and the cortices. The centers of 
both circles (Figure 4: “A” and “B”) were connected indicating the longitudinal 
tibial axis (Figure 4: “C”). The MDTA (Figure 4: “a”) was the angle between 
the tibial axis (Figure 4: “C”) and the joint orientation line (Figure 4: “D”).

Statistical analysis

A Kolmogorov-Smirnov normality test was used to determine if the data 
were consistent with the Gaussian distribution, using the Kolmogorov-Smir-
nov distance. As all data were normally distributed, the Student t-test and 
ANOVA-test were used to compare data in two and in more than two groups, 
respectively. A p value less than 0.05 was considered to be statistically signifi-
cant. The intraobserver and interobserver reliability were determined by cal-
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Figure 1: The center of the tibial plateau (1) is determined by drawing a circle (2) within the 
medial and lateral cortex (3). A second circle fits inside the distal tibia between the medial 
and lateral cortex (A) and touches the plafond distally. The mechanical axis (D) goes through 
both the center of the distal tibia and the center of the talus (C). The method of determinati-
on of the center of the distal tibia is an alternative to determination of the width of the talus 
because the rounded edges of the talar shoulders (B) might negatively affect the accuracy of 
that measurement method.
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Figure 2: Alpha is the medial distal 
tibial angle between the joint orienta-
tion line (D) and the mechanical axis 
of the tibia (C). The mechanical axis 
goes through the proximal (A) and 
distal (B) joint center points.

Figure 3: Point A indicates the most proximal 
mid-diaphyseal point visible on this mortise view. 
Point B indicates the joint center. The MDTA (a) is 
the angle between the joint orientation line (D) and 
the longitudinal tibial axis (C).
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Figure 4: As in Figure 3, point A indicates the proximal point chosen to determine the tibial 
axis. Point B indicates the joint center. The MDTA (a) is the angle between the joint orientati-
on line (D) and the longitudinal tibial axis (C).

culating the kappa values on the basis of multi-rater kappa. Multi-rater kappa 
summarizes the strength of agreement for all possible comparisons between 
the observers including the same and mixed types of experience levels.18 The 
kappa statistic was used as the chance-corrected measurement of agreement 
and was interpreted as perfect in range 0.81 to 1.00; as good in range 0.61 to 
0.80; as moderate in range 0.41 to 0.60; as fair in range 0.21 to 0.40; and as 
poor in range 0.00 to 0.20 according to the benchmark definitions of Landis 
and Koch.11 Data were analyzed using SPSS version 9.0 and SigmaPlot 2004 
for Windows.
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Results

In our population, we found three significantly different mean values for the 
‘high’, ‘middle’, and ‘low’ MDTAs of the ankle joint. In the ‘high’ view, the long 
leg view, the mean angle was 94.6 degrees with a standard deviation of 2.6 
degrees and a range of 88.5 to 101.4 degrees. In the ‘middle’ view, the mean 
angle was 89.0 degrees with a standard deviation of 2.3 degrees and a range of 
83.9 to 94.1 degrees. In the ‘low’ view, the mean angle was 92.1 degrees with a 
standard deviation of 2.2 degrees, ranging from 87.0 to 97.5 degrees. 
 The three means were significantly (p < 0.01) different from each other 
(Table 1). There was no difference between the means measured by the diffe-
rent observers as tested by ANOVA analysis (Table 2). There was also no diffe-
rence seen between the MDTAs of men and women in our population (Table 
3). There was, however, a significant difference between the left and right legs 
measured, justifying the assessment of 48 legs in 24 individuals (Table 4).
 The mean difference between the measurements of the five obser-
vers was very small. In the ‘high’ MDTA, the measurement error was 0.60 
degrees with a 95% CI of 0.52 to 0.68 degrees. In mortise views of the ankle, 
the ‘middle’ MDTA achieved an accuracy of 0.50 degrees with a 95% CI of 
0.43 to 0.57. In the ‘low’ MDTA, the five observers measured within a mean 
of 0.60 degrees of each other with a 95% CI of 0.52 to 0.68 degrees (Table 5). 
The kappa values for each angle measured by the five observers are displayed 
in Tables 6 to 8. The ‘high’ measurements have an average kappa value of 0.85, 
the ‘middle’ measurements a kappa value of 0.84 and the ‘low’ measurements 
a kappa value of 0.83, all within the highest association range.

Discussion

The MDTA was not the same on whole lower leg images and mortise views 
of the ankle. Foot and ankle surgeons should take this into account when 
planning coronal deformity correction of the distal tibia, assessing placement 
of total ankle replacement tibia components and monitoring varus or valgus 
tilting after fractures. There was an excellent interobserver reliability for the 
angles measured. Our results show that there was a significant difference 
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between the MDTA as measured on whole lower leg images compared with 
the angle measured on standard mortise view images. The mean measurement 
difference between observers was less than 1 degree. Reliability of the measu-
rements was good with a high association (= 0.85) between observers for the 
angles measured on the whole lower leg images and also a high association (= 
0.83) between the observers for the mortise image measurements. Our results 
show that the measurement methods for ‘high’, ‘middle’, and ‘low’ MDTAs can 
be regarded as highly reliable. Further, the MDTA cannot be regarded as a 
single entity on radiographs taken of either the lower leg or the mortise view. 
The MDTA measured on ‘middle’ view images and entire lower leg images can 
be as much as 5 degrees in difference, which we consider clinically relevant. 
In measuring the MDTA the tibial plafond line appears to be the key factor in 
accuracy as the ‘middle’ and ‘low’ views have the lowest kappa and measure-
ment error values. Ideally in alignment measurement, entire lower leg images 
should be obtained in which the knee and ankle joint are separately captured. 
 The current measurement method has resulted from descriptions 
found in the literature regarding determination of the center of the ankle joint 
and the mechanical axis of the tibia.7,10,13,16,17 Moreland et al. stated that the 
center of the ankle can be found by determining three points: the centers of 
the talus, malleoli and soft tissue just proximal to the level of the joint space 
(Figure 5).13 The mid-talar point is the most important to detect where the 
mechanical axis intersects the ankle joint.16 We sought the method that would 
be maximally restrictive and therefore have the best repeatability. 
 One weakness of our study is the limited number of subjects. While 
the 24 individuals do not represent a true spread of a population, the power 
analysis showed it can be seen as a sufficient sample. As there were significant 
differences in MDTAs between the left and right legs, the 24 individuals pro-
vided 48 unique extremities. Another weakness is the use of plain radiographs 
instead of CT imaging with 3D reconstruction to retrieve anatomical or me-
chanical axes. We are well aware of the possibilities of techniques that are cur-
rently being developed, but as long as these techniques are not available to the 
average foot and ankle surgeon, measurements will be based on conventional 
methods. Thus, the most common imaging modality, plain film radiography, 
was used in this study. 
 Plain-films of the lower extremity are commonly used to evaluate ma-
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 ANOVA Mean ~ SD

High Middle Low

A 95.1° ~ 2.5° 89.3° ~ 2.3° 92.5° ~ 2.1°

B 94.5° ~ 2.5° 88.9° ~ 2.3° 92.0° ~ 2.3°

C 93.9° ~ 2.5° 89.0° ~ 2.2° 92.1° ~ 2.2°

D 94.7° ~ 2.6° 89.0° ~ 2.4° 92.0° ~ 2.4°

E 94.7° ~ 2.7° 88.9° ~ 2.2° 92.0° ~ 2.1°

p-value 0.274 0.856 0.686

Table 1b: Mean MDTAs of all observers individually

 t-test Mean ~ SD p-value

female male

High 94.8° ~ 2.7° 94.4° ~ 2.4° 0.185

Middle 89.1° ~ 2.2° 88.9° ~ 2.3° 0.560

Low 92.1° ~ 2.2° 92.1° ~ 2.2° 0.979

Table 2a: differences between MDTAs of men and women

 t-test Mean ~ SD p-value

right left

High 93.9° ~ 2.7° 95.2° ~ 2.3° 0.001*

Middle 88.5° ~ 2.2° 89.5° ~ 2.2° 0.001*

Low 91.7° ~ 2.3° 92.5° ~ 2.1° 0.006*

Table 2b: differences between MDTA’s in left and right sides

* highly significant with p<0.01)

 t-test Mean SD Min Max

High 94.6° 2.6° 88.5° 101.4°

Middle 89.0° 2.3° 83.9° 94.1°

Low 92.1° 2.2° 87.0° 97.5°

p-value 0.001*

Table 1a:  Mean values of the MDTA in HIGH-MIDDLE-LOW measurements

* highly significant with p<0.01)
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High Middle Low

Mean 0.60° 0.50° 0.60°

95% CI 0.52°- 0.68° 0.43° - 0.57° 0.52° - 0.68°

Range 0.0° - 2.7° 0.0° - 2.5° 0.0° - 2.5°

Table 3: Measurement error between observers in degrees

 A B C D

E 0.88** 0.81** 0.78* 0.83**

A  0.95** 0.88** 0.89**

B   0.81** 0.79*

C    0.86**

Average κ 0.85**

 A B C D

E 0.87** 0.88** 0.89** 0.82**

A  0.90** 0.82** 0.81**

B   0.81** 0.80*

C    0.84**

Average κ 0.84**

 A B C D

E 0.84** 0.86** 0.82** 0.83**

A  0.88** 0.84** 0.83**

B   0.79* 0.78*

C    0.82**

Average κ 0.83**

Table 6: Kappa for LOW

Table 5: Kappa for MIDDLE

Table 4: Kappa for HIGH

* good association; ** high association

* good association; ** high association

* good association; ** high association
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lalignments in the coronal plane. Numerous linear and angular relationships 
around the ankle joint have been described in the literature.1,2,4,6,7,10,13,15 –17,22,23 
In the frontal plane, the MDTA or Tibia Articular Surface (TAS) angle has 
been described as 88 degrees,8 as 91 to 93 degrees,3 and 87.4 ± 2.7 degrees.4 
The lateral distal tibial angle (LDTA), has a norm of 89 degrees ± 3 de-
grees.17,18 Since it has not always been reported in the literature, according to 
our measurements the MDTAs of other authors may have been based on ‘low’ 
mortise views of the ankle. We have found a mean value of 92.1 degrees with a 
SD of 2.2 degrees in our mortise views. In contrast, the entire lower leg images 
resulted in a mean of 94.6 ± 2.6 degrees, a larger angle than in any previous 
report. 
 In cases of foot or ankle deformity, it is important to determine alig-
nment relative to the tibia.16,17 When long cassette images of the whole lower 
leg are made with the beam focused on the diaphysis of the tibia, X-rays pass 

Figure 5: Different methods are described in the literature for determining the center of the 
ankle: the dot on the proximal line represents the soft tissue center, the dot on the middle line 
the malleolar center at the tibial plafond, and the dot on the distal line the center of the talar 
dome.13



105

CHAPTER 6 - MEASUREMENT OF THE MDTA

through the ankle joint under a certain angle depending on the distance of the 
radiation source. The outline of the tibial plafond will therefore be different in 
entire lower leg images as compared with those on mortise view images. This 
may be the explanation for the differences in mean angles we found. In our 
opinion, the ideal standard method would consist of acquisition two images 
of the lower leg: one focused on the knee joint, the other focused on the ankle 
joint, thus sending the X-rays “parallel” to the joint surfaces. Imaging software 
could reconstruct the tibia, providing correct joint surface angles of both the 
knee and ankle. This could make planning of correction osteotomies more 
accurate and consistent.
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