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ABSTRACT

Objective: The anatomical relationship between the posterior tibial slope (PTS) in the sagittal plane and the medial proximal tibial angle
(MPTA) in the coronal plane is of critical importance for preoperative planning. The objective of this study is to investigate the effect of
increased tibial slope on MPTA using three-dimensional anatomical models reconstructed from computed tomography.

Methods: A retrospective analysis was conducted on a cohort of 50 healthy adults. The dataset includes parameters such as gender, age,
MPTA, and PTS for each adult. The subjects were divided into two cohorts based on their PTS values: those with a slope of 10° or higher were
assigned to Group 2 (n=25), while those with 10° or lower were assigned to Group 1 (n=25).

Results: According to the data, MPTA angles in Group 1, which presented lower slope values ranged between 84.8° and 96.2°. In Group 2,
which is characterized by higher PTS angles, the PTS angles ranged between 83.4° and 90.1°.

Conclusion: A tendency toward decreased MPTA values is observed when PTS reaches or exceeds 10°. This indicates that higher sagittal
slope angles may be morphologically associated with varus alignment in the coronal plane.
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INTRODUCTION

The successful reconstruction of the lower extremity depends
on a comprehensive understanding of the three-dimensional
(3D) morphology of the distal femur and proximal tibia."?
Measured in the coronal plane, the medial proximal tibial angle
(MPTA) serves as the primary determinant of varus or valgus
alignment and reflects the load distribution.® In the sagittal
plane, the posterior tibial slope (PTS) directly affects the

suggest slope reduction osteotomies for the failed cases of ACL
reconstruction.” MPTA is awidely used anatomical parameter for
determining the deformity of the proximal tibia in the coronal
plane. Although the measurement method is frequently in
two-dimensional (2D), the morphology is virtually 3D, that has
components in both coronal and sagittal plane.® Besides, there
is an interaction between other anatomical parameters and
MPTA, which affects each other.® Recent literature highlights

anteroposterior stability and kinematic biomechanics of the
knee.* Prior studies have determined the relationship between
the increased PTS angles and anterior cruciate ligament (ACL)
ruptures.® Increased PTS angles are mentioned as a risk factor
for the failure of ACL reconstructions.® Therefore, the authors

that the PTS exhibits significant inter-individual variability
and that an increased PTS can generate adverse shear forces
on knee biomechanics.”® Although classical approaches
often consider coronal and sagittal alignment parameters
to be independent, it has been established that these two
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planes display simultaneous variations in certain specific
phenotypes.'® Based exclusively on the provided dataset, this
study investigates alterations in the MPTA, the primary coronal
alignment parameter, when the PTS exceeds the 10° threshold.

MATERIALS AND METHODS

The Institutional Review Board approval for this research was
obtained from the Ankara City Hospital Ethics Committee
(decision no.: E1/1309/2020, date: 11.11.2020). At the time
that ethical approval was obtained, the corresponding author
was affiliated with Erzincan Binali Yildinm University. As there
was no active ethics committee for clinical research at the
university during that period, the approval was secured from an
external institution. Angiographic computed tomography (CT)
images of adults older than 18 years of age were reviewed via the
hospital registration system. Patients with a history of surgical
procedures or fracture fixation of the right lower extremity,
prior oncological interventions, any signs of osteoarthritis of
the hip, knee, or ankle joints, deformity correction surgeries,
or incomplete CT images were excluded from the study. CT
images of 78 adults who met the study inclusion criteria were
retrieved from radiological records. Given the retrospective
design of this study and the use of pre-existing radiological
records from the hospital database, obtaining informed
patient consent was not required. CT images of adults were
imported into Materialise Mimics Innovation Suite version
27 (Materialise, Leuven, Belgium). Only the right tibiae were
segmented using the advanced segmentation option with
thresholds between 250-2000 Hounsfield unit. The surfaces
of the medial and lateral tibial plateaus were scanned (Figure
1), and an anatomical plane was created using the Create
primitives option (Figure 2). The total length of the tibia was
separated into three parts. The proximal and distal 1/3 borders
were scanned, and two spheres were created. The center
points of the spheres were merged, and the anatomical axis
of the tibia was determined (Figure 3). The medial and lateral
tibial plateaus were scanned, and two separate anatomical
planes were created. The centers of the planes were merged
to form a line used to measure MPTA in the coronal plane. The
anatomical landmarks are transferred to Materialise 3-matic 19
(Materialise, Leuven, Belgium). MPTA in adults was measured
between the tibial joint line and the tibial anatomical axis in the
coronal plane (Figure 4). PTS angles were measured between
the proximal tibial plane and the tibial anatomical axis in the

sagittal plane (Figure 5). The study group was divided into two
main categories based on mean PTS values. Based on an a priori
power analysis conducted using G*Power, a minimum sample
size of 21 patients per group was determined. We randomly
selected 25 adults with higher PTS angles and 25 adults with
lower PTS angles from the cohort. The threshold of the PTS
values as 10 degrees was defined according to the results of a
3D anatomical study by Tanoglu et al.?, which investigated the
mean PTS angles of healthy adults in Turkish population. The
demographic data and the measurement results were analyzed
with JASP 954 (University of Amsterdam, Amsterdam,
Netherlands). The distribution of the data was evaluated using
the Shapiro-Wilk test, and the results indicated that the data
were normally distributed. Therefore, the Student’s t-test was
used to compare the results between study groups.

RESULTS

The mean age of Group 1was 49.8 + 8.4, and Group 2 was 47.1 £
8.5. We observed no statistically significant difference in mean
age between the study groups (P = 0.268) (Table 1). Group 1

Figure 1. Scanning of medial and lateral plateau.
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Figure 2. Anatomical plane created according to the scanned
medial and lateral plateau.

Figure 3. 3D anatomical axis of tibia.

3D, three-dimensional.
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includes 25 adults with PTS values ranging from 4.1° to 9.3°.
Group 2 includes 25 adults with PTS values ranging from 10° to
14.4°. The mean PTS angles were 7.2 + 1.5 in Group 1 and 11.4
+1.4in Group 2. The mean MPTA was 88.7 + 3.3 in Group 1 and
86.6 + 2 in Group 2. The study results revealed a statistically
significant difference in mean MPTA values between study
groups (P = 0.011).

Figure 4. Medial Proximal Tibial Angle measurement in coronal
plane.
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Figure 5. Posterior Tibial Slope measurement in sagittal plane.

DISCUSSION

The primary finding of the present study is an inverse
morphological correlation between the PTS and the MPTA.
Our data demonstrate that when the PTS reaches or exceeds
10° (Group 2), MPTA values tend to decrease significantly.
Conversely, lower PTS values (Group 1) correspond to a
higher MPTA. This morphological relationship suggests that
an increase in sagittal slope is associated with an adaptation
or accompanying deformity profile that tends toward
varus alignment in the coronal plane. Biomechanically, the
concurrent presence of an elevated PTS and coronal varus
malalignment can profoundly disrupt knee kinematics, alter
cruciate ligament tension, and exacerbate pathological loading
on the medial compartment.*® Historically, lower extremity
alignment studies have frequently evaluated the coronal
and sagittal planes as isolated parameters. However, relying
on standard 2D radiography often leads to measurement
inaccuracies due to rotational variations." Use of advanced
3D anatomical models reconstructed from CT scans ensures
exceptional measurement accuracy compared to standard 2D
radiographs. 3D reconstruction programs allow for precise,
reproducible anatomical measurements of bone structures
that 2D imaging often misrepresents due to rotational
variances."

These biomechanical and morphological findings hold
substantial clinical relevance, particularly in the surgical
management of knee deformities. Genu varum, primarily
driven by the proximal tibia, is the most prevalent deformity
detected in severe knee arthrosis.’? In younger adults, opening
wedge high tibial osteotomy is frequently employed as a joint-
preserving procedure to shift abnormal mechanical loads from
the medial plateau to the lateral compartment.® Furthermore,
an increased PTS angle is a well-established risk factor for both
primary ACL ruptures and subsequent graft failures.>” Slope-
reducing osteotomies, which are frequently performed in this
patient population, serve to protect the graft by decreasing the
mechanical load applied to the ACL.5713

Our study results validate that preoperative planning for single-
plane correction of the deformityisinsufficient,and 3D biplanar
planning is crucial to uncovering the intricate relationship
between these anatomical parameters. Consequently, in
the preoperative planning of corrective osteotomies, it is
imperative to address not only varus malalignment but also
excessive PTS. This correlation underscores that the existing
MPTA should be considered in preoperative planning for
slope-reducing surgery.

Table 1. Comparison of the Study Groups

Group 1 Group 2
P value
Mean SD Mean SD
Age 498 8.4 471 8.4 0.26
MPTA 88.7 3.3 86.6 2 0.011*
PTS 7.2 15 1.4 1.4 <0.001*

*Statistically significant. SD, standard deviation; MPTA, medial proximal tibial angle; PTS, proximal tibial slope.

271



Tanoglu et al. 3D CT Study of PTS and MPTA

Arch Basic Clin Res 2026;8(3):269-272

Study Limitations

This study has some limitations. First, the retrospective
design and the relatively small sample size (50 adults) may
limit the generalizability of the findings. Furthermore, the
cohort consisted entirely of healthy individuals. Consequently,
the effect of degenerative morphological changes on this
multiplanar relationship remains unclear. Future research
should prioritize conducting a comparative 3D-CT study to
evaluate these lower-limb anatomical parameters in healthy
adult cohorts and in patients with advanced knee osteoarthritis,
to determine how the PTS-MPTA relationship behaves in the
presence of joint degeneration.

CONCLUSION

Our results validate that traditional single-plane preoperative
planning is insufficient for managing complex proximal tibial
deformities. The intricate morphological relationship between
the sagittal and coronal planes mandates comprehensive
3D biplanar evaluation. When performing planned corrective
osteotomies—whether addressing medial compartment
osteoarthritis or offloading an ACL reconstruction-surgeons
must avoid evaluating these parameters in isolation. It is
imperative to meticulously account for both varus malalignment
and excessive PTS to ensure optimal surgical outcomes and to
restore physiological knee kinematics.
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