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Posterior tibial slope measurement among Saudi
population
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To measure the posterior slope of the tibia among the healthy Saudi population using
Magnetic Resonance Imaging (MRI). A retrospective study review of 151 knee MRIs at
King Khaled University Hospital, Riyadh, Saudi Arabia. All patients with no previous
surgical intervention to their knees and did not suffer any bone injury around the knee
were included. Three different orthopedic physicians (two senior residents, one orthopedic
fellow) measured the posterior tibial slope (PTS) angle for all patients, and their average
was taken for all readings using a sagittal T2 MRI cut. Patients with a history of previous
surgical intervention to the knee joint, trauma involving distal femur or proximal tibia,
osteoarthritis and inflammatory arthritis, and congenital deformities were excluded from
the study. The mean age of patients was 28.15 in a range of 15-50 years. The posterior tibial
slope mean and the median and the mode were 8.76, 8.73, 7.53, respectively. In addition,
the mean angle (degree) in females was 9.69±4.02 and 8.76±4.15 in males. The Maximum
and the minimum posterior slope angle calculated in these patients were respectively 19.73
and 0.3 degrees. Our findings are that the mean posterior tibia slope among the Saudi
population is 8.76˚. The results showed the difference of PTS in Saudi people comparing
to deferent communities. The association between the numbers of the posterior tibial slope
with gender was tested and no significant correlation. In this study, we did not calculate
weight and height in the cases as independent factors. Because of that, upcoming studies
might consider these factors.
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Introduction
Maintaining long limb axis and biomechanics is often the
cornerstone of orthopedic surgeries.1 Many studies have attributed
failures and decreased longevity of some surgeries to the disruption
of alignment, the axis of lower limbs. The posterior tibial slope is an
important parameter to consider in total knee arthroplasty and sportrelated reconstructive procedures, e.g., anterior and posterior cruciate
ligament reconstruction.2 It is defined as the slope of the medial tibial
plateau relative to the longitudinal axis on the sagittal plane.3 Stability
and posterior cruciate ligament tension were affected by the degrees
of the posterior slope of the tibia.
Moreover, several studies have concluded that increased tibial slope
significantly correlates with increased posterior tibial translation.4
Increase PTS is known to be a risk factor for the rapture of anterior
cruciate ligament (ACL) in native knees.5,6 Where decrease PTS angel
as a risk factor for r posterior cruciate ligament (PCL) injury.7
This study aims to measure the posterior slope of the tibia among
the healthy Saudi population using Magnetic resonance imaging
(MRI) obtained for various indications. To the best of our knowledge,
no previous study focused on Posterior tibial slope (PTS) measurement
among the Saudi population.

Materials and methods
A retrospective review of 151 knee MRIs (103 males, 48 females)
at King Saud University medical city Hospital, Riyadh, Saudi Arabia,
was done. The IRB approval was taken with project number E-205155 from health sciences colleges’ research on human subjects. The
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patients’ ages ranged between 16-47 years old. Those patients were
seen before in the clinic due to knee pain and MRIs were requested
as needed. After reviewing the patients’ files, all included patients in
our study had no previous surgical intervention to their knees and did
not suffer any bone injury around the knee. Three different orthopedic
physicians (two senior residents, one orthopedic fellow) measured the
PTS angle for all patients and their average was taken for all readings.
A sagittal T2 MRI cut in the middle of the medial tibial compartment
was chosen for all patients to measure the PTS angle. First, the PTS
angle was measured by drawing an intramedullary line parallel to the
volar cortex of the tibia, and a perpendicular line is drawn over our
first line. Then, a third line to be drawn between the highest bony tips
of the anterior and posterior aspect of the tibial plateau. Finally, the
second and third line is measured angle delineated the posterior tibial
slope (Figure 1 & 2).
Exclusion criteria included patients with a history of previous
surgical intervention to the knee joint, trauma involving distal
femur or proximal tibia, osteoarthritis or inflammatory arthritis, and
congenital deformities.

Statistical analysis
The collected data were analyzed using (SPSS 22; IBM Corp., New
York, NY, USA). Continuous variables in the study were translated as
mean±standard deviation. Cronbach’s Alpha was chosen to assess the
reliability of measuring the posterior tibial slope. A p-value <0.05 was
in our study considered statistically significant.

Reliability of measuring
The Cronbach’s alpha value was 0.99, which reflects the excellent
reliability of the measuring.
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Figure 3 Percentage (%) of different tibial plateau slope for both gender.

Figure 1 Chosen cut for middle compartment.

Figure 4 Percentage of different PTS angles for both sexes.
Table 1 Characteristics of the patients

Gender

Side

Number of knees
(n=151)

%

Male

103

68.2

Female

48

31.8

Right

86

57

Left

65

43

28.15

7.81

Age( Mean ± SD )
Figure 2 Technique of measuring the PTS.

Results
One hundred and fifty-one knee MRIs were reviewed by two
senior residents and one orthopedic fellow in this study. Our patients’
ages ranged from 15 to 50 years old with a mean of 28.15±7.81, as
described in Figure 3. The maximum difference between the readings
of each reviewer was less than 2 degrees for all patients, and the
average results for reviewers were used to analyze our findings. The
mean posterior tibial slope was 9.06±4.12 degrees. When comparing
the PTS angle between males and females, the mean PTS angles
were 8.76±4.15 and 9.69±4.02, respectively (Table 1 & 2). Thus, the
maximum reported PTS angle was 19.73 degrees, and the minimum
angle was 0.3 degrees. Figure 3 illustrates the percentage of different
PTS angles for each sex. Figure 4 shows the number of patients with
PTS angles higher or lower than 10 degrees.

Table 2 Number of study subjects in terms of tibial plateau slope with less
or more than 10 degrees
Slope< 10
Number

%

Number

%

85

56.3

66

43.7

Male

63

61.2

40

38.8

Female

22

45.8

26

54.2

Right

46

53.5

40

46.5

Left

39

60

26

40

All
Gender

Side

Slope≥10
P value

0.077

0.424
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Discussion

Author contributions

The standard range for the posterior tibial plateau slope has not been
fully reported out for all populations. The impact of determining the
angle and direction will have a major scientifically and economically.
The increasing numbers of knee surgical interventions and the
significant role to achieve acceptable lower limb biomechanics.

In this research project, conceptualization, Mouad Alsowaigh, and
Ahmed Bin Nasser; methodology, Mohammed Arafa, Sultan Alharbi,
and Omar Alsultan; validation, Mouad Alsowaigh, Ahmed Bin
Nasser, Mohammed Arafa, Sultan Alharbi,and Omar Alsultan; formal
analysis, Mouad Alsowaigh; investigation, Mouad Alsowaigh,Ahmed
Bin Nasser, Mohammed Arafa, Sultan Alharbi, and Omar Alsultan;
resources, Ahmed Bin Nasser; data curation, Ahmed Bin Nasser,
and Adel Alshahrani; writing-original draft preparation, Mouad
Alsowaigh, and Ahmed Bin Nasser; writing-review and editing,
Adel Alshahrani Fahad AL Hulaibi; visualization, Fahad Al Hulaibi;
supervision, Ahmed Bin Nasser; project administration, Mouad
Alsowaigh.. All authors have read and agreed to the published version
of the manuscript.

Measurement of PTS was discussed controversially. Previously, the
tibial slop was guided by a lateral view X-ray of the knee. However, it
has some limitations in accuracy in rotation wise and overlap between
medial and lateral tibia plateau.13 Then CT scan came in line with
3D-level with measurement of lateral and the medial articular surfaces
of the proximal tibia containing plateau and rim.14,15 Furthermore, the
MRI technique is evolving new protocols. Both CT scan and MRI
were equal to the manual measurements and showed high reliability in
measuring the tibial slope. CT and MRI also eliminate rotating errors
by reconstruction and 3D imaging, giving an exact lateral view. Both
are equal to evaluate the same PTS.13
In our study, the slope range we have found was 0.3˚-19.73˚,
averaging 9.06˚. Our female population slope was higher than male
(mean of 9.69 vs 8.76). This is similar to Hashemi et al.,1 whose
results were females higher than males.
Moore et al.2 published the slope number with a range of 14±3.7
degree (7-22 degree) in a sample of 50 American. Matsuda reported
lower numbers around 10.7 degrees (5-15.5 degree) in a sample of 30
Japanese,10 and Chiu et. reported the average slope range of 14.7±3.7°
(5- 22°) in a sample of 25 Chinese,16 on the other hand, our study, the
association between the numbers of posterior tibial slope in relation
to gender were tested. A significant correlation was not found among
PTS and these two factors with a p-value more than 0.05 (P≥0.05).
The numbers are quite similar with different studies was done in Iran.3
In addition, the PTS of more than 10 and less than 10 were compared
with both sides (right and left), with no significant correlation were
found (P≥0.05). Aljuhani et al. tested the PTS among Saudi people
using plain radiographs, and the average physiological posterior tibia
slope angle was 13.6±3.4˚ (range: 3.8-23.9˚). There was no correlation
between age, gender and PTS angles.18
The values showed the difference of PTS in Saudi people
comparing to deferent communities. Therefore, more comprehensive
studies to search for the reported difference and calculation of actual
PTS number of the Saudi community are needed. These differences
could be due to multiple reasons such as race and genetic factors….
etc. In addition, Saudi’s lifestyle is unique to other nations in term of
movements in prayer and sitting on the floor, could be considered as
effective factors.
Given the large area of distribution in Saudi Arabia and the
significance of morphological and anatomical indicators, our
study suggests carrying out widely similar studies in other areas.
In this study, we did not calculate weight and height in the cases
as independent factors. Because of that, upcoming studies might
consider these factors.

Conclusion
The results showed a difference in posterior tibia slope in the Saudi
population compared to deferent communities. The Average posterior
tibia slope in the Saudi population is 9.06. Furthermore, no significant
difference between the degree of the posterior tibial slope in relation
to gender, with a P-value of > 0.05. Upcoming studies might consider
calculating weight and height in the cases as independent factors with
a larger sample size.
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