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Abstract 

Background: Measurement of the posterior tibial slope (PTS) angle has important applications in total knee replace-
ment surgery, high tibial osteotomy, and anterior cruciate ligament reconstruction. This study aimed to determine the 
mean PTS of knee joints in healthy Chinese adults, and provide data to guide knee surgery in China.

Methods: A retrospective analysis of 1257 (n = 1233, 50.4% male) plain X-ray films of participants aged 25–59 years 
was performed. The picture archiving and communication system was used for PTS measurement. The PTS was 
defined as the angle between the vertical line of the tangent of the anterior tibial cortex of the proximal tibia, and the 
tangent line of the tibial cortex. Two imaging physicians conducted the PTS measurements independently, and both 
the inter- and intraclass correlation coefficients (ICCs) were calculated.

Results: The mean PTS value was 7.68 ± 3.84° (range: 0–21°). The left PTS was significantly smaller in males than in 
females (7.22 ± 3.89 vs 8.05 ± 3.60; P = 0.005). Additionally, the PTS in participants aged 25–29 years was significantly 
larger than that in the other age groups (Left side: 8.64 ± 3.73 vs 6.92 ± 3.42, 7.42 ± 3.75, 7.53 ± 3.98; P <  0.001 and 
Right side: 8.68 ± 3.84 vs 7.48 ± 4.21, 7.13 ± 3.64, 7.66 ± 3.80; P = 0.004). There were no significant differences in PTS 
between the left and right sides. Two-way analysis of variance suggested that the differences in PTS between age 
groups were not affected by sex. The interobserver ICC was 0.91 (95% confidence interval [CI]: 0.85–0.94), and the 
intraobserver ICC was 0.90 (95% CI: 0.82–0.94).

Conclusions: This study demonstrated that there were significant differences in PTS based on sex and age, highlight-
ing the need to provide individualized treatment for knee surgery. It provided valuable information regarding the 
normal PTS values in Chinese adults and presented regionalised data to guide knee surgery.
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Background
The posterior tibial slope (PTS) is the angle formed 
between the vertical line of the tibial anatomical axis and 
the tibial plateau tangent. It reflects the tilt of the tibial 
plateau and plays an important role in knee joint stabil-
ity and biomechanics [1–8]. Measurement of the PTS has 
important applications in total knee arthroplasty (TKA), 
high tibial osteotomy (HTO), and anterior cruciate liga-
ment (ACL) reconstruction surgery [3].
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Changes in the PTS can lead to a series of significant 
clinical symptoms. For instance, increases in the PTS will 
cause the sagittal line of force to shift from the front to 
the back of the tibia and the contact point between the 
tibia and the femoral condyle to move backward. This will 
increase the pressure on the back of the tibial plateau, 
and the increase in the distance between the femoral and 
tibial stops of the ACL will lead to an increase in the ten-
sion on the ACL, which can cause anterior and posterior 
instability of the knee joint, enhancing the risk of ACL 
injury [1, 9–13]. Conversely, a decrease in the PTS will 
cause the sagittal force line to move forward, increas-
ing the stress on the front of the tibial plateau. This will 
reduce the distance between the femoral and tibial stops 
of the posterior cruciate ligament (PCL), resulting in PCL 
tension [14].

After TKA, if the PTS is too large, it will increase the 
pressure on the back of the tibial prosthesis and the 
wear on the back of the prosthesis, promoting wear on 
the polyethylene prosthesis during joint movement, and 
resulting in aseptic loosening. Conversely, if the PTS 
decreases, the pressure will move forward, increasing 
the pressure on the front of the tibia, causing the tibial 
prosthesis to sink [5, 7]. Additionally, the increased PTS 
will change the positional relationship between the tibia 
and the femur. Therefore, when the knee is in flexion, the 
required knee extension force is reduced [7, 15–17].

Several previous studies have measured PTS, but their 
methodologies and the measurement equipment used 
varied markedly. Furthermore, PTS values differ mark-
edly based on ethnicity [4, 18–21]. Moreover, there is 
controversy as to whether PTS is associated with sex 
and age in different populations [4, 22, 23]. Neverthe-
less, there is a paucity of research on the PTS in the Chi-
nese population and therefore, the average PTS value is 
unknown in this population.

Thus, the current study aimed to determine the mean 
PTS of knee joints in healthy Chinese adults. Addition-
ally, this study aimed to explore whether there was a cor-
relation between PTS and sex, age, and the PTS side. The 
data from this study could help provide guidance for knee 
surgery and prosthesis manufacturers.

Methods
Study design and participants
Using the Picture Archiving and Communication 
System (PACS), we retrospectively analysed 13,392 
patients who underwent knee X-ray examination in the 
Affiliated Hospital of Hangzhou Normal University in 
Zhejiang Province, China, from January 2017 to April 
2021, due to knee injury, discomfort, physical examina-
tion, or re-examination [6, 18, 24–30]. Previous stud-
ies have shown that the age range of closure time of the 

knee epiphysis varies greatly across different races and 
regions. According to a study by Aljuaid et al. [30–33], 
the closure time of knee epiphysis varies from 14 to 
24 years of age, and there are differences between the 
sexes. To reduce error in judgement of the failure of 
epiphyseal closure, due to late measurement, the latest 
age for human epiphyseal closure is defined as 25 years. 
At the same time, different degrees of osteohyperplasia 
are common in the knee joints of people aged ≥60. The 
occurrence of osteohyperplasia will seriously affect PTS 
measurement, causing an erroneous increase in PTS, 
which has also been confirmed in preliminary experi-
ments, consistent with the report of Zhang et  al. [5, 
19, 24, 34]. Hence, the maximum age for inclusion was 
determined to be 59 years. Thus, the inclusion criteria 
for this study were as follows: (1) age 25–59 years; (2) 
no joint deformity; (3) no history of congenital disease, 
developmental deformity or related trauma with frac-
ture, tumours, rheumatism, or inflammation; (4) clear 
X-ray images, with only patients with true lateral knee 
radiographs being included. The true lateral radio-
graphs have a good overlap of the internal and exter-
nal condyles of the femur. Lateral radiographs were 
excluded if there was > 5 mm malalignment of the pos-
terior condyles [15, 18, 35–38]. The exclusion criteria 
were as follows: (1) non-Chinese ethnicity; (2) unclosed 
epiphysis; (3) obvious bone degeneration or osteoar-
thritis of the knee joint; (4) displaced fracture around 
the knee and/or a history of knee surgery.

Based on these criteria, we excluded 2672 patients aged 
> 59 years and 3094 patients aged < 25 years. The X-ray 
films were not of sufficient quality for measurement in 
3240 cases. Additionally, we excluded 3153 cases of oste-
oarthropathy, soft tissue diseases after knee joint opera-
tion, osteoarthritis, fracture, and bone tumor. Eventually, 
1233 subjects (1257 knees) were included in the study, all 
of whom had normal knee X-rays.

Digital radiography
We used a Definium 6000 (GE Healthcare, Chicago, IL) 
to take lateral view images of the knee joints. Criteria for 
qualifying images were as follows: The images included 
the distal femur, knee joint space, and proximal tibia 
and fibula. The knee joint space was at the centre of the 
image, and the femoral internal and external condyles 
overlapped well. Malalignment of the posterior condyles 
was < 5 mm [37]. The patella was displayed laterally, the 
gap between the patella and the femur was clearly dis-
played, and there was no bilateral joint on the articular 
surface. There was limited overlap between the femoral 
condyle and the tibial plateau articular surface. The soft 
tissues were also clearly displayed.
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Quantitative anatomic measurements
The PTS was observed and measured using GE Centric-
ity PACS software. The anterior tibial cortex method was 
used. First, line 1 was made tangential to the anterior cor-
tex of the upper segment of the tibia on the lateral X-ray 
image, to represent the long axis of the tibia. Then, line 2 
was drawn perpendicular to tangential line 1. Finally, line 
3 was drawn tangential to the tibial plateau. The angles 
formed by lines 2 and 3 represent the PTS (Fig. 1) [4].

Reliability analysis
The PTS was measured independently by two imag-
ing physicians (physicians engaged in musculoskeletal 
diagnoses), and correlation analyses between and within 
groups were performed. To evaluate interobserver reli-
ability, reader A measured all the data (n = 1257) and 
reader B randomly selected 80 cases for independent 
measurement; the measurement process used a double-
blind method. To assess intraobserver reliability, after 

4 weeks, reader A randomly selected 80 cases from all the 
measured data for re-measurement [18].

Statistical analysis
SPSS software (ver. 25.0; IBM, Armonk, NY) was used 
for statistical analysis. T-tests were used to compare the 
PTS between the different PST sides and sexes. One-way 
analysis of variance (ANOVA) was used to compare the 
PTS between the different age groups. Two-way ANOVA 
was used to investigate the interaction of age and sex 
with PTS. The intraclass correlation coefficients (ICCs) 
together with their 95% confidence intervals (CIs) were 
used to evaluate the inter- and intraobserver correla-
tions, with 0.75 ≤ ICC ≤ 1.00 considered to indicate good 
agreement. P-values < 0.05 were considered statistically 
significant.

Ethics
Ethical approval was obtained from the institutional 
review board of the Affiliated Hospital of Hangzhou Nor-
mal University (Reference number: 2021(E2)-KS-074). 
The need to obtain informed consent from patients was 
waived due to the use of anonymized patient data and the 
retrospective study design.

Results
A total of 1233 subjects (50.4% males) were included in 
this study. They were divided into four age groups: group 
A comprised 25–29-year-olds (n = 306, 24.8%), group B 
comprised 30–39-year-olds (n = 306, 24.8%), group C 
comprised 40–49-year-olds (n = 320, 26.0%), and group 
D comprised 50–59-year-olds (n = 301, 24.4%) (Table 1). 
In 637 and 620 cases of the left and right knees, respec-
tively, the PTS was 7.64 ± 3.77° (range: 0–20°) and 
7.72 ± 3.91 (range: 0–21°), respectively (Table 2). Paired-
samples t-tests showed that there was no significant dif-
ference in PTS between the left and right sides (P > 0.05) 
(Table 2). However, the average PTS value on the left side 
was significantly smaller in males than in females (7.22° 

Fig. 1 The measurement method of posterior tibial slope (PTS)*. 
*X-ray lateral inspection: line 1 is the tangent line of the proximal tibia 
on the anterior cortex surface, line 2 is the perpendicular to line 1, 
and line 3 is the tangent line of the tibial plateau

Table 1 Demographics of the study participants (N = 1233)

Characteristics N (%)

Sex

 Male 621 (50.4)

 Female 612 (49.6)

Age, yrs.

 Group A (25–29) 306 (24.8)

 Group B (30–39) 306 (24.8)

 Group C (40–49) 320 (26.0)

 Group D (50–59) 301 (24.4)
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vs. 8.05°, P = 0.005) (Table  3, Fig.  2). One-way ANOVA 
showed that there were significant differences in PTS 
based on age-grouping (left PTS: P <   0.001; right PTS: 
P = 0.004). PTS of the 25–29-year age-group was sig-
nificantly greater than that of the other age groups. The 
30–39- and 40–49-year age-groups had smaller aver-
age PTSs, while the 50–59-year age-group had a slightly 
larger mean PTS than did the 30–39- and 40–49-year 
age-groups (Table  4, Fig.  3). Two-way ANOVA showed 
that the difference in PTS between the age groups was 

independent of sex (P > 0.05) (Table 5). PTS with interob-
server ICCs of 0.91 (95%CI: 0.85–0.94) and intraobserver 
ICCs of 0.90 (95%CI: 0.82–0.94) were considered to show 
high inter- and intraobserver reliability.

Discussion
The present study determined the mean PTS of knee 
joints in healthy Chinese adults, with a view to provid-
ing a guide for knee surgery in China. We demonstrated 
that PTS differed significantly based on sex and age, 

Table 2 Distribution of the mean PTS (°)

* By paired t test. N = 613

PTS (°) N Mean SD Range T  value* P  value* Mean ± SD for all

Left side 637 7.64 3.77 0–20 −0.616 0.54 7.68 ± 3.84

Right side 620 7.72 3.91 0–21

Table 3 PTS (°) characteristics by sex

Male Female T value P value

N Mean SD N Mean SD

Left side 321 7.22 3.89 316 8.05 3.60 −2.79 0.005
Right side 309 7.68 3.89 311 7.75 3.93 −0.21 0.83

Fig. 2 Distribution of posterior tibial slope (PTS) (°) by genders
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highlighting the need for individualized knee surgery. As 
we present PTS data for Chinese adults, our data can be 
used to guide knee surgery in China.

The stability of the knee joint involves dynamic and 
static components. The surrounding muscle tissue pro-
vides dynamic stability, whereas the bone structure, 
joint capsule, and attached ligaments provide static 
stability. The size of the PTS directly affects the posi-
tion of the sagittal force line of the lower limbs, which 
in turn affects the stability of the knee joint [18]. The 
PTS is defined as the angle formed by the vertical line 
of the tibial anatomical axis and the tibial plateau tan-
gent [1]. The PTS can be measured using various meth-
ods, which include X-ray, computed tomography (CT), 
and magnetic resonance imaging (MRI). CT and MRI 
have the advantage that they can accurately measure 
the inner tibia and lateral posterior angle. However, 
their disadvantages, which include low equipment pen-
etration, long inspection times, high costs, the need 
for patient cooperation, and the small scanning range, 
make it difficult to determine the anatomical axis of the 
tibia, thus requiring standard methods for interpreta-
tion. These methods are used less commonly in clinical 

practice. The advantages of X-rays are the high equip-
ment penetration rates, short inspection times, low 
cost, lower radiation dose than that in CT [36], fewer 
contraindications than those of MRI [35], large irradia-
tion range, and ease of ability to determine the anatomi-
cal axis of the tibia. Additionally, X-rays allow clinicians 
to complete the measurements independently, and can 
be used for pre- and post-evaluations. The disadvantage 
in using X-rays for measurement is the difficulty in dis-
tinguishing the medial and lateral plateaus of the tibia, 
as the lateral image requires an overlap of the medial 
and lateral platforms [39]. Therefore, X-ray measure-
ments lack consistency as compared to that of CT and 
MRI [35].

At the same time, there are many methods that can 
be used to obtain X-ray measurements, including those 
using the anterior tibial cortex (ATC), posterior tibial 
cortex (PTC), tibial proximal anatomical axis (TPAA), 
tibial shaft anatomical axis, fibular proximal anatomi-
cal axis, and fibular shaft axis [12, 40–42]. Although the 
various methods differ (Table 6), the PTS values derived 
from them correlate [6]. At present, the clinically most 
widely adopted methods are those using the TPAA and 

Table 4 PTS (°) characteristics by age groups

Group A (25–29) Group B (30–39) Group C (40–49) Group D (50–59) F value P value

Mean (N) SD Mean (N) SD Mean (N) SD Mean (N) SD

Left side 8.64 (163) 3.73 6.92 (155) 3.42 7.42 (165) 3.75 7.53 (154) 3.98 6.09 <  0.001
Right side 8.68 (145) 3.84 7.48 (155) 4.21 7.13 (165) 3.64 7.66 (155) 3.80 4.45 0.004

Fig. 3 Distribution of posterior tibial slope PTS (°) by genders and age groups
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the ATC. The extramedullary positioning method is often 
used in knee surgery, during which the positioning rod is 
parallel to the ATC, and then the PTS is measured with 
reference to the positioning rod. Thus, the PTS value 
measured using the ATC method is often referenced in 
preoperative planning. The current study employed the 
ATC method.

In order to obtain the PTS of normal adults and reduce 
the measurement errors, the adolescents with unclosed 
epiphyses and those aged 60 years and older were 
excluded. This was mainly because of the diversity of epi-
physeal morphology with age and because the formation 
of osteophytes will affect the determination of the tibial 
plateau tangent. At the same time, knee joints with frac-
tures, bone tumours, osteoarthritis, knee joint surgery, 
congenital skeletal dysplasia, and knee joint X-rays that 
did not meet the imaging standards were excluded [19]. 
Similarly, in order to avoid measurement errors, Kacmaz 
et al. [18, 19] excluded subjects with unclosed epiphyses 
and bone disease when conducting PTS studies.

Most previous studies have shown that the PTS dif-
fers based on race and region [4, 13, 22, 23, 43–50]. We 
showed that, even if the same ATC measurement method 
is used, the measurement results still differ significantly 
(Table  6). However, in previous studies, when different 
measurement methods were used, the obtained values 
still strongly correlated [35, 51]. In this study, the mean 
PTS in normal adult knee joints in China was 7.68 ± 3.84° 
(range: 0–21°). Chiu et  al. [4] used the ATC method to 
measure the knee joints of 50 Chinese cadavers and 
found that the mean PTS value was 14.7 ± 3.7° (range: 
5–22°). The findings from their study differed markedly 
from those in other studies. This is mainly because of the 
small sample size, and the specific age and sex composi-
tion of the included participants.

In the current study, we found that the PTS was signifi-
cantly related to age and sex. These findings are similar 
to those reported by Marouane et al. [51, 52]. Using MRI 
measurements, Hashemi et  al. found that the PTS on 
both the medial and lateral sides were larger in women 
than in men. However, Kacmaz et al. [18] found that the 
PTS of men was greater than that of women in a Turk-
ish population. Medda et  al. [53] found that there was 
no significant correlation between the PTS and sex in 
studies in the Indian population. In the present study, 
there were no significant differences in the PTS between 
the left and right sides (P > 0.05), similar to the findings 
reported by Kacmaz et  al. [9, 18, 54]. Our study found 
that PTS differed among different age groups with some 
regularity, which was similar to the findings of Sun et al. 
[24]. They studied 1431 subjects aged 0–89 years and 
found that, the younger the individual, the larger the PTS 

before age 30 years and the smaller the PTS between the 
ages of 30 and 59 years. Additionally, the PTS gradually 
increased after age 60 years (Table  2). PTS differences 
between the younger and older groups may be related to 
the regulation of bone growth and degeneration. In gen-
eral, men develop bones later than women, but as they 
age, women are more likely than men to develop osteo-
arthritis of the knee. Zhang et  al. [34] reported that, in 
a group of 60-year-old people in Beijing, the prevalence 
of knee osteoarthritis, based on X-rays, was 42.8% in 
women and 21.5% in men. In addition, the PTS has been 
shown to increase with the onset of osteoarthritis [5, 19]. 
As a result, in women, who have earlier bone maturation 
and are more likely to develop degenerative changes and 
severe osteoarthritis when they are over 40 years, may 
have higher PTS values than men.

In knee surgery, such as TKA and ACL reconstruction, 
the PTS plays a vital role in preoperative decision-making 
and postoperative evaluation [14, 55]. Relevant studies 
have shown that the PTS will affect the flexion gap, PCL 
tension, patellofemoral joint contact stress, and knee joint 
stability after TKA. An excessive PTS will cause the tibia 
to move forward, the knee joint to become unstable, and 
the ACL to become tensioned, thereby increasing the risk 
of ACL injury. Similarly, it will also increase the wear on 
the polyethylene prosthesis inserted during TKA, result-
ing in aseptic loosening of the prosthesis. Conversely, a 
decrease in the PTS will cause the sagittal force line to 
move forward, increasing the tension on the PCL, caus-
ing the prosthesis to sink, narrowing the knee joint space, 
reducing the range of flexion, and increasing the postop-
erative stiffness [56]. Therefore, ensuring the accuracy of 
PTS measurements is key to knee biomechanical balance. 
Prosthesis manufacturers recommend a PTS of 3–7° dur-
ing TKA. Okamoto et al. [16] proposed that maintaining 
the PTS at approximately 5° after TKA might be opti-
mal. The mean PTS in the present study was 7.68 ± 3.84°, 
which was slightly larger than the value recommended 
by the prosthesis manufacturer. This implies that, in the 
Chinese population, the prosthesis manufacturer should 
adjust the recommended value appropriately. Seo et  al. 
[57] studied 768 patients who underwent TKA and found 
that a PTS from 3° to − 1° was better, according to the 
change in PTS that was calculated by subtracting the pre-
operative PTS from the postoperative PTS. These authors 
emphasized that patients with a larger preoperative PTS 
should maintain a larger PTS post-surgery. This will 
assist the degree of motion of the knee joint after surgery. 
Kızılgöz et  al. [58] emphasized that the PTS measured 
by lateral X-ray radiographs is very important for deter-
mining the risk of ACL injury. Song et  al. [11] hypoth-
esized that PTS > 10° was an independent risk factor for 
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tibial anterior displacement and ACL injury. Smith et al. 
[59] suggested that other factors may also be involved in 
ACL injury, such as ligament relaxation and hormone 
levels. Waiwaiole et al. [3, 16, 60–62] found that the PTS 
is closely related to ACL and PCL injury, and that a PTS 
significantly larger or smaller than those in individuals 
of the same sex and age may bring a greater risk of ACL 
or PCL injury, particularly in athletes and sports partici-
pants. The reference values derived in the present study 
can provide a national basis for the prevention and pre-
diction of ACL or PCL injury. Nha et al. [63] confirmed, 
through meta-analysis, that PTS increased by 2° after 
open-wedge HTO, and that appropriate PTS adjust-
ment based on sex and age would improve the postop-
erative outcomes. The normal range of PTS values among 
healthy adult knee joints in China identified in this study 
will benefit the local bone and joint surgeons and can 
provide guidance to support personalized and precise 
treatment. We encourage knee prosthesis manufacturers 
to consider the PTS measurements obtained in the pre-
sent study for Chinese people, as well as sex and age dif-
ferences in PTS, in the production of prostheses.

This study had several limitations. China covers a 
vast territory, including a large population, with vari-
ous ethnic groups. Thus, our sample was likely not rep-
resentative of all the individuals within the population. 
Concurrently, the age range of our study was 25–59 years, 
which is limited. The PTS was measured using manual 
methods, and even if the consistency was good, it is likely 
that there was still some measurement error. Thus, arti-
ficial intelligence-assisted computer-based measurement 
is necessary, both to reduce the workload and to achieve 
better consistency and standardisation [35]. Due to the 
limitations associated with X-ray characteristics, it is 
impossible to distinguish the medial plateau and lateral 
plateau of the tibia as well as on MRI and CT, and only 
the average value of the medial plateau and lateral plateau 
could be obtained. Thus, future studies should include 
a larger sample size, and AI-assisted measurement soft-
ware should be trialled.

Conclusion
This study measured the mean PTS value of healthy adult 
knee joints in China, using a large population sample, 
and found that the PTS of healthy Chinese adults dif-
fered significantly based on sex and age. Future stud-
ies should investigate how marked these differences are 
based on race and geographic region. The data provided 
in this study can provide a framework for knee surgery 
and prosthesis manufacture for this population.
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