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A b s t r ac t
Introduction: The posterior inclination of the tibial plateau relative to the longitudinal axis of tibia is referred to as the posterior tibial slope
(PTS). There is paucity of data regarding PTS in Indian population. Metaphysio-diaphyseal angle (MDA) is the angle between longitudinal axis
of tibia and proximal tibial metaphysis, a new entity with a possible clinical significance. This study was performed to determine the mean
PTS and mean MDA to study the correlation of PTS and MDA changes with osteoarthritic degeneration in Indian population and to assess the
sensitivity and specificity of PTS and MDA in detecting osteoarthritis. A descriptive, cross-sectional study design was followed.
Materials and methods: A total of 173 X-rays with true PA and lateral views were examined from 121 individuals using standardized technique.
Osteoarthritis was classified based on Ahlback grading system. Posterior tibial slope was defined as the angle formed by two lines in the lateral
knee radiograph. Metaphysio-diaphyseal angle is a new entity defined in this study, formed between two lines—first line is the proximal
anatomical axis of the tibia and the second is the axis of the proximal tibial metaphysis. All the observations and measurements of PTS and
MDA were statistically analyzed using MedCalc software.
Results: There were 121 individuals in the study with 91 osteoarthritic knees and 82 normal knees. The mean PTS among normal group is 9.69°
[range 5–13° with standard deviation (SD) 1.81] and among arthritic group is 14.05° (range 10–24° with SD 2.38). The mean MDA among normal
group is 19.87° (range 15–30° with SD 2.70) and among arthritic group is 25.03° (range 19–34° with SD 3.05). There is a moderate correlation
between PTS and MDA (r = 0.64). Sensitivity and specificity in detecting osteoarthritis with PTS is 96.7% and 85.4% and by MDA is 90.1% and
84.7%, respectively.
Conclusion: Our study finds that native PTS is similar to that of oriental population but higher than that of Caucasians. There is moderate linear
correlation between PTS and MDA. They also serve as a marker in detecting osteoarthritis with good sensitivity and specificity.
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Introduction
The coronal alignment of the knee has been evaluated extensively,
but there are only few studies for the sagittal plane alignment. The
posterior inclination of the tibial plateau in relation to its longitudinal
axis in lateral view is the posterior tibial slope (PTS). Posterior tibial
slope is an important factor that influences the sagittal alignment.1
Posterior tibial slope plays a very important role in the kinematics
and biomechanics of knee joint. Studies in oriental population in
respect to PTS have found different values from that of Caucasians.1,2
When PTS is high, the tibial shear force and anterior tibial translation
also significantly rise. An increase in medial tibial slope may
cause anterior cruciate ligament strain and injuries.3,4 Optimum
intraoperative PTS is crucial in achieving good postoperative range
of movements after total knee replacement (TKR).
Metaphysio-diaphyseal angle (MDA) is a recent radiological
entity gaining clinical significance. It is the angle made between the
longitudinal axis of tibia and the axis of proximal tibial metaphysis
in a lateral view. The clinical importance of MDA is that it affects
the mechanical axis in the sagittal plane by bringing the center
of knee backward, thereby indirectly increasing the difference
between anatomical axis obtained by Extramedullary jig and the
mechanical axis of tibia while doing TKR.1 This study was performed
to determine the mean PTS and mean MDA of normal knees and
osteoarthritic knees in Indian population, to study the correlation
of PTS and MDA changes in osteoarthritic degeneration, and to
assess the sensitivity and specificity of PTS and MDA in detecting
osteoarthritis.
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M at e r ia l s

a n d  M e t h o d s

This study is a descriptive cross-sectional study done at our
institution. Measurement of PTS and MDA on knees in patients of
Indian Origin presenting to our OPD with arthritic knee pain were
conducted during May to October 2016. The study group with
normal knees was done with patients presenting to us with nonknee complaints after obtaining proper informed consent.
A total of 173 X-rays with lateral and PA views were examined
from 121 patients using standardized technique.1 PA view was taken
to grade the level of osteoarthritis per Ahlback grading system,1
which is classified as grade I (joint space narrowing <3 mm), grade II
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Figs 1A to C: (A) PA view criteria;8 (B) X-ray lateral view of knee shows posterior tibial slope angle;1 (C) X-ray lateral view of knee shows metaphysiodiaphyseal angle1

(joint space obliteration), grade III (minor bone attrition 0–5 mm),
grade IV (moderate bone attrition 5–10 mm), and grade V (severe
bone attrition >10 mm). For PA view, the source is kept at a distance
of 1.8 m with beam tilted 10° caudally.1,2 In PA view, superposition
of the posterior and anterior edges of the tibial plateau is required
to accurately demonstrate the joint space. If the edge of the tibial
plateau nearly touches or overlaps the distal femoral condyle on
either knee, it becomes unacceptable (Fig. 1A). The radiologically
acceptable lateral view of knee should have a clearly visible front of
patella, tibial tuberosity, and top of patella with edges of all bone
seen without bright light and front of femoral condyles overlie
each other.1
Posterior tibial slope (Fig. 1B) was defined as the angle formed
by two lines in the lateral knee radiograph. The first line was the line
perpendicular to the anatomical axis of the tibia. The second line
was formed by joining the most proximal points on the tibia plateau
on the lateral radiograph as defined by Massin et al.,5 avoiding
osteophytes. Although there was no previous consensus on the
ideal anatomical axis to measure PTS, the proximal anatomical axis,
that is the line connecting midpoints of outer cortical diameter at 5
and 15 cm distal to the knee joint, is now recommended because it is
most parallel to the sagittal mechanical axis.6 This axis was assumed
to be the anatomical axis in our study also. Metaphysio-diaphyseal
angle1–5 is a new entity defined in this study. This angle is formed
between two lines: first line is the proximal anatomical axis of the
tibia and the second is the axis of the proximal tibial metaphysis. The
axis of metaphysis (i.e., the second line) was drawn by defining two
points each on anterior and posterior cortices of tibial metaphysis
in a lateral film and joining the midpoints (Fig. 1C). Finally, the angle
between these two lines (i.e., the MDA) was measured.
The study includes patients without any complaints in knee
as normal group and patients with osteoarthritis as osteoarthritic
group. The study excluded patients with fractures around knee
and tibia, ligamentous injury of knee,7,8 severe osteoporosis,
tumors, Charcot’s disease, osteolysis from any cause, and skeletally
immature knees. All the observations and measurements of PTS and
MDA are statistically analyzed using MedCalc software.

R e s u lts
The analysis of age distribution among our study group shows that
the age-group 50–60 years is more affected with arthritis, with a
mean age of 56.34 years (Fig. 2). The sex distribution in our study
reveals there is a slightly increased prevalence of arthritis among
female population. The PTS ranges from 5° to 24° in our study
with mean PTS of 14.05° [standard deviation (SD) 2.38] among

Fig. 2: Age wise distribution of osteoarthritis in male and female

osteoarthritic group and 9.69° (SD 1.69) among normal group
(Fig. 3A). The MDA of our study ranges from 15° to 34°, with a mean
MDA of 25.03° (SD 3.053) among osteoarthritic and 19.87° (SD 2.70)
among normal group, respectively (Fig. 3B).
Receiver–operating characteristic (ROC) analysis provides tools
to select possibly optimal models and to discard suboptimal ones
independently from the cost context or the class distribution. It
is related in a direct and natural way to cost–benefit analysis of
diagnostic decision-making. The curve is created by plotting the
true positive (sensitivity) results and false-positive (specificity)
results at various threshold setting. The ROC curve for PTS gives
sensitivity of 96.7% and specificity of 85.4% at a cutoff value of
11° of PTS with p value <0.0001 (Fig. 4A). The area under the curve
(AUC) of PTS was found to be 0.975 which is statistically significant
(p value <0.0001) (Table 1). The ROC curve for MDA gives a sensitivity
of 90.1% and a specificity of 84.1% at a cutoff value of 22° of MDA
with p value <0.0001 (Fig. 4B). The AUC of MDA was found to be 0.92
which is statistically significant (p value <0.0001) (Table 2). The PTS
and MDA values are plotted in a graph and found to have a linear
correlation with correlation coefficient r = 0.64 that is a moderate
correlation and statistically significant (p value = 0.0001) (Fig. 5).
There were 121 patients in our study with 173 knee X-rays of
which 91 were osteoarthritic knees and 82 were normal knees. The
mean PTS among normal group is 9.69° (range 5–13° with SD 1.81)
and among arthritic group is 14.05° (range 10–24° with SD 2.38).
The mean MDA among normal group is 19.87° (range 15–30° with
SD 2.70) and among arthritic group is 25.03° (range 19–34° with
SD 3.053). There is a moderate correlation between PTS and MDA
(correlation coefficient r = 0.64). Regression analysis done with MDA
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Figs 3A and B: (A) Posterior tibial slope of normal knee and osteoarthritic knees; (B) Metaphysio-diaphyseal angle of normal and osteoarthritic knees

Figs 4A and B: (A) Receiver–operating characteristic (ROC) curve of posterior tibial slope for osteoarthritic group; (B) ROC curve of metaphysiodiaphyseal angle for osteoarthritic group
Table 1: AUC of PTS for osteoarthritic group
Area under the ROC curve (AUC)
Standard error
95% confidence interval
Z statistic
Significance level p (area = 0.5)

0.975
0.00926
0.939–0.993
51.274
<0.0001

Table 2: AUC of MDA for osteoarthritic group
Area under the ROC curve(AUC)
Standard error
95% confidence interval
Z statistic
Significance level p (area = 0.5)

0.920
0.0217
0.869–0.956
19.358
<0.0001

on X-axis and PTS on Y-axis gives an equation y = 0.4964 + 0.5060x
(p value < 0.0001). Sensitivity and specificity for PTS are 96.7% and
85.4% and for MDA are 90.1% and 84.1%, respectively.

D i s c u s s i o n
The PTS has been assessed using various methods ranging from
direct cadaveric measurements to X-rays, computed tomography
(CT), and magnetic resonance imaging (MRI) scans. The ideal way
to measure the PTS by X-ray is against the anatomical axis of tibia.
Both CT and MRI are useful in measuring the medial and lateral
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Fig. 5: Linear correlation of posterior tibial slope (PTS) and metaphysiodiaphyseal angle (MDA)

slopes separately.9,10 The age- and gender-specific PTS have not
been fully mapped out for all populations. Among the few studied,
it has been found to be different among different races.1,4–6,9,11,12
In our study, we have measured PTS of both normal and
osteoarthritic knees with values of 9.69° and 14.05°. Chiu et al.
have also measured PTS of both normal and osteoarthritic knees
with values of 10.8° and 13.1°, respectively. Mohanthy et al.1 have
measured PTS only in osteoarthritic knee with value of 11.64°,
whereas all the other studies, such as Yoga et al., Khattak et al., Yoo
et al., and Didia et al. have measured PTS for normal knees only and
not for osteoarthritic knees (Table 3).
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Table 3: Comparison analysis of various studies done for posterior tibial slope (PTS) and metaphysio-diaphyseal angle (MDA)
Comparison analysis
Normal knee
Our study
Mohanthy et al.
Yoga et al.
Khattak et al.
Chiu et al.
Yoo et al.
Didia et al.
Caucasians

PTS
9.69
10.1
13.65
10.8
10.6
12.3
5.7

MDA
19.87

Osteoarthritis
PTS
14.05
11.64

MDA
25.03
23.76

PTS
Sensitivity
96.7%

Specificity
85.4%

MDA
Sensitivity
90.1%

Specificity
84.1%

13.1

As per the comparison analysis shown earlier, the PTS in normal
knees is found to be different in different studies. All the studies
show that the PTS is higher in Asian population than Caucasians. Our
study shows a mean of 9.69° which is comparable to Yoga et al. of
10.1°. The highest for the Asians is 13.65° which is shown by Khattak
et al.2 The variations in PTS in Asian population as compared above
maybe due to difference in reference axis and the methodology
used in calculation.2,4,5,9,13 The increase in PTS with osteoarthritic
degeneration has been shown in many studies.2,10,13 Our study also
confirms that PTS increases with osteoarthritic degeneration. In our
study, we have measured MDA in both normal and osteoarthritic
knees with values of 19.87° and 25.03°. Among the other studies,
MDA has been measured only by Mohanthy et al. and that too only
in arthritic knees with value of 23.76°.
In our study, we have not included post-TKR patients, so the
actual clinical significance of PTS, with respect to post TKR, has
not been done in our study. As per Yoga et al.9 who have studied
the preoperative and postoperative TKR PTS, they have suggested
that patients with higher preoperative PTS end up with higher
postoperative PTS, which may increase the range of flexion, but
these patients may not achieve full extension, which is not desirable.
They also suggest that in patients with high preoperative PTS,
when tibial cut is parallel to the surface, it exhibits 40% greater
load-carrying capacity and 70% greater stiffness than paired tibiae
cut perpendicular to long axis.
In this condition, to achieve full range of extension, an excess
resection of proximal tibia needs to be taken. As per Bartel et al.,11
when excess bone is resected in the proximal tibia, the stiffest and
strongest cortical bone is removed, and the remaining weaker and
less stiff cancellous bone stock often is inadequate to support the
physiological loads of knee. So, in these patients with deficient
bone in the proximal end of tibia, the mechanical support for the
TKR component may be inadequate and may lead to loosening.9,11
According to Mohanthy et al.,1 whenever MDA is higher, there
will be an increased difference between the diaphyseal axis and
mechanical axis in the sagittal plane. In TKA, tibial cuts are made
using extramedullary jigs which is based on anterior tibial cortex.
This will not compensate for any changes in MDA, and hence
the aimed postoperative PTS may not be achieved. They have
suggested a reference point of 20° for MDA; above and below this
20° value of MDA, the postoperative PTS gets altered. When MDA
is less than 20° and postoperative PTS of less than 3° is aimed, then
it might end up in a reverse tibial slope (anterior), whereas when it
is greater than 20° and a PTS of more than 5° is aimed at, then this
might result in a PTS much more than 5°. The anterior tibial slope

might cause wear problems and the higher PTS of more than 5° may
result in loss of extension and component loosening. Mohanthy
et al. also suggest that MDA has to be taken into consideration to
achieve the desirable postoperative PTS and also to aim at a PTS of
3° to 50° which will be safe and avoid these possible errors.
The correlation between PTS and MDA in Mohanthy et al. study
had a strong Pearson’s coefficient correlation of 0.72, which in our
study was moderate correlation with r = 0.64. We have further
derived the regression analysis equation for PTS and MDA which is
y = 0.4964 + 0.5060x (p value < 0.0001), which helps us to calculate
either PTS or MDA based on either one value.
Our study had certain limitations like the small sample size, and
medial and lateral tibial slope vary in same patients.1,2,5,13 Computed
tomography is the most accurate method in measuring PTS.1,13–15
Gender-specific variation is not considered, and Clinical significance
of PTS and MDA in TKR is not assessed

C o n c lu s i o n
In our study, PTS in normal patients is higher than Caucasians
and almost equal to that of oriental population. Our study finds
that PTS and MDA show higher values in osteoarthritic group,
and they have a moderate correlation between them. They also
serve as a marker in detecting arthritis with good sensitivity and
specificity. PTS is 96.7% sensitive in arthritic patients as a reliable
marker with specificity of 85.4% and MDA is 90.1% sensitive with
84.1% specificity.
In our future course of study, we seek to continue this study
with more samples to validate PTS and MDA as arthritic markers
and its statistical significance in terms of sensitivity and specificity
to study gender- and age-related changes of PTS and MDA and its
statistical significance to study the slope changes with progression
of arthritis and its statistical significance to further evaluate the
significance of PTS and MDA with respect to TKR.
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