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Gender differences affect the location 
of the patellar tendon attachment site for tibial 
rotational alignment in total knee arthroplasty
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Abstract 

Purpose: This study was carried out to investigate the accuracy of referring different locations of the patellar tendon 
attachment site and the geometrical center of the osteotomy surface for tibial rotational alignment and observe the 
influences of gender differences on the results.

Methods: Computed tomography scans of 135 osteoarthritis patients (82 females and 53 males) with varus deform‑
ity was obtained to reconstruct three‑dimensional (3D) models preoperatively. The medial boundary, medial one‑
sixth, and medial one‑third of the patellar tendon attachment site were marked on the tibia. These points were 
projected on the tibial osteotomy plane and connected to the geometrical center (GC) of the osteotomy plane or 
the middle of the posterior cruciate ligament (PCL) to construct six tibial rotational axes (Akagi line, MBPT, MSPT1, 
MSPT2, MTPT1 and MTPT2). The mismatch angle between the vertical line of the SEA projected on the proximal tibial 
osteotomy surface and six different reference axes was measured. In additional, the effect of gender differences on 
rotational alignment for tibial component were assessed.

Results: Relative to the SEA, rotational mismatch angles were − 1.8° ± 5.1° (Akagi line), − 2.5° ± 5.3° (MBPT), 
2.8° ± 5.3° (MSPT1), 4.5° ± 5.4° (MSPT2), 7.3° ± 5.4° (MTPT1), and 11.6° ± 5.8° (MTPT2) for different tibial rotational axes 
in all patients. All measurements differed significantly between the male and female. The tibial rotational axes with the 
least mean absolute deviation for the female or male were Akagi line or MSPT, respectively. There was no significant 
difference in whether the GC of the osteotomy surface or the midpoint of PCL termination was chosen as the poste‑
rior anatomical landmark when the medial boundary or medial one‑sixth point of the patellar tendon attachment site 
was selected as the anterior anatomical landmark.

Conclusion: When referring patellar tendon attachment site as anterior anatomical landmarks for tibial rotational 
alignment, the influence of gender difference on the accuracy needs to be taken into account. The geometric center 
of the tibial osteotomy plane can be used as a substitute for the middle of the PCL termination when reference the 
medial boundary or medial one‑sixth of the patellar tendon attachment site.
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Introduction
Total knee arthroplasty (TKA) is known as the most 
common surgical treatment for knee osteoarthri-
tis (OA). It is effective to improve the quality of life 
of patients. However, it is still reported that 12.7% of 
patients failed to achieve satisfactory surgical treat-
ments after primary total knee arthroplasty, mainly in 
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terms of poor postoperative pain relief, limitation in the 
range of knee motion, and instability of the knees [3, 
8]. There are a considerable number of relevant factors 
that influence the success of total knee arthroplasty, of 
which the correct rotational alignment of tibial compo-
nents is one of the key factors [4]. Some previous stud-
ies have reported that malposition of tibial components 
in the horizontal plane can be the cause of patellar 
complications [7], unexplained knee pain [6, 17], knee 
stiffness [1, 5], and polyethylene wear [9, 14].

Various anatomical landmarks have been applied 
for rotational alignment in primary TKA. The promi-
nent point of lateral femoral epicondyle and the medial 
femoral epicondylar sulcus have been connected to 
establish the surgical transepicondylar axis (SEA) for 
femoral rotational alignment. It is not only the func-
tional flexion–extension axis of the knee [2, 18] but also 
the femoral rotational axis [10]. Installing femoral and 
tibial component in accordance with SEA is consist-
ent with biomechanical characteristics [12, 22]. On the 
tibial side, due to the inability of the surgeons to locate 
the SEA directly on the proximal tibial osteotomy sur-
face, the researchers have attempted to establish opti-
mal tibial rotational axes using appropriate intra- or 
extra-articular anatomical landmarks, such as the 
medial boundary of the tibial tuberosity [16, 20], the 
medial third boundary of the tibial tuberosity [20, 23], 
the anterior cortex of the tibia [16], the anterior tibial 
crest [19, 21] and the tibial posterior condylar [23, 25, 
26]. However, there is still a lack of consensus on tib-
ial rotational alignment due to the low confidence and 
high individual variability of reference axes [13, 27].

The patellar tendon, as a continuation of the quadri-
ceps tendon, is one of the strongest ligaments in the 
human body. It terminates downward at the tibial 
tuberosity, which can be easily identified during sur-
gery and unaffected by knee osteoarthritis. The medial 
boundary of the patellar tendon at the attachment and 
the middle of the posterior cruciate ligament (PCL) 
termination constitute the Akagi line, which is consid-
ered as the most reliable and widely applied anatomical 
landmark [24]. However, it is often impossible to iden-
tify the posterior cruciate ligament termination after 
proximal tibial osteotomy. In addition, it was found 

that the accuracy of the Akagi line differed among the 
female and male [19, 23, 27].

Most of the previous studies identified the SEA on the 
same image on 2D-CT [11]. However, both anatomi-
cal landmarks of the SEA rarely appear on the same CT 
image. It is necessary to identify both anatomical land-
marks on three-dimension (3D) models to decrease 
misevaluation. Therefore, in this study our aim was to 
investigate three-dimensionally: (1) whether the location 
of the patellar ligament attachment site can be influenced 
by gender difference as an anterior anatomical landmark; 
(2) whether the geometric center (GC) of the osteotomy 
plane can replace the middle of the PCL termination as 
the posterior anatomical landmark.

Materials and methods
One-hundred thirty-five patients (82 women and 53 
men) with varus deformities undergoing primary 
total knee arthroplasty at our institution from Janu-
ary 2021 to February 2022 were enrolled. Kellgren and 
Lawrence grade 3 and 4 were achieved among the par-
ticipants. OA patients met the inclusion criteria only 
if they had taken computed tomographic (CT) scans 
and full-length lower extremity radiographs of the 
knees preoperatively. The patients with severe bone 
defect in tibial plateau, hemophilic arthritis, rheuma-
toid arthritis, or a history of knee trauma or infection 
were excluded. Patient demographic data including age, 
gender, hip-knee-ankle (HKA) angle, and body mass 
index (BMI, kg/m2) was collected and is listed in Table 1. 
The characteristics of female and male patients were 
65.6 ± 7.9/66.2 ± 7.6 years (age), 26.1 ± 3.5/25.7 ± 3.1 kg/
m2 (BMI) and 8.9° ± 5.6°/8.4° ± 5.0° (HKA angle), respec-
tively. No significant differences were shown between 
male and female patients in terms of age, BMI and HKA 
angle. The research was reviewed and approved by local 
Medical Ethics Committee (Additional file 1).

All affected lower limbs of the patients were ensured 
to be in neutral position and fully extended during CT 
scans. CT images of the knees with 1.25 mm slice thick-
ness were imported into 3D reconstruction software 
(Mimics; Materialize, Leuven, Belgium) in DICOM 
(Digital Imaging and Communications in Medicine) 
format. With removing of osteophytes, 3D knee models 

Table 1 Demographic data of the female and male

Parameter Whole patients (n = 135) Mean ± SD 
(range)

Female (n = 82) Mean ± SD 
(range)

Male (n = 53) Mean ± SD 
(range)

P value

Age (years) 65.8 ± 7.7 (43,89) 65.6 ± 7.9 (47,89) 66.2 ± 7.6 (43,86) n. s

BMI (kg/m2) 26.0 ± 3.4 26.1 ± 3.5 25.7 ± 3.1 n. s

HKA angle (°) 8.7 ± 5.3 (1.3,26.0) 8.9 ± 5.6 (1.5,26.0) 8.4 ± 5.0 (1.3,23.1) n. s
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were reconstructed in a CAD software program (Solid-
works; Dassault, Massachusetts, USA). The osteotomy 
plane was taken 8 mm away from the center of the lat-
eral tibial plateau containing 2  mm thickness of carti-
lage. This approach can guarantee 10 mm thickness of 
osteotomy. The osteotomy direction was perpendicular 
to the tibial anatomical axis with a posterior slope angle 
of 0°.

Each anatomical landmark was defined on the 3D 
models of the femur and tibia. The prominent point of 
lateral femoral epicondyle and the medial femoral epi-
condylar sulcus were marked on femoral 3D models to 
establish the SEA (Fig.  1A). The line perpendicular to 
the projection of the SEA on the tibial osteotomy sur-
face was drawn (Fig.  2). In the tibial 3D models, five 
anatomical landmarks were described including three 
anterior anatomical landmarks (the medial bound-
ary, the medial sixth point, and the medial third point 
of the patellar tendon attachment site) and two poste-
rior anatomical landmarks (the geometric center of the 
tibial osteotomy plane and the middle of the PCL ter-
mination) (Fig. 1). The middle point of the line passing 
through the innermost and outermost positions of the 
resected tibial plateau was considered as the geometric 
center of the tibial osteotomy surface. Six tibial rota-
tional axes were established (Fig. 3):

1. Akagi line the line connecting the medial boundary 
of the patellar tendon attachment site and the middle 
of the PCL termination.

2. The medial boundary axis of the patellar tendon 
(MBPT) the line connecting the medial boundary of 
the patellar tendon attachment site and the geomet-
ric center of the tibial osteotomy plane.

3. The medial sixth axis of the patellar tendon 1 
(MSPT1) the line connecting the medial one-sixth of 
the patellar tendon attachment site and the middle of 
the PCL termination.

4. The medial sixth axis of the patellar tendon 2 
(MSPT2) the line connecting the medial one-sixth of 
the patellar tendon attachment site and the geomet-
ric center of the tibial osteotomy plane.

5. The medial third axis of the patellar tendon 1 
(MTPT1) the line connecting the medial one-third of 
the patellar tendon attachment site and the middle of 
the PCL termination.

6. The medial third axis of the patellar tendon 2 
(MTPT2) the line connecting the medial one-third of 
the patellar tendon attachment site and the geomet-
ric center of the tibial osteotomy plane.

The internal rotational angles of tibial rotational axes 
relative to the vertical line of the SEA were recorded as 
negative values and the external rotational angles were 
recorded as positive values (Fig. 2). All measured angles 
were accurate to 0.1°. The percentage of the cases which 
tibial rotational axes differed by 3°, 5°, and 10° from 

Fig. 1 Bony landmarks for rotational alignment reference axes. A the 
surgical transepicondylar axis (a) the medial epicondylar sulcus; (b) 
the prominent point of lateral epicondyle. B (c) the medial border 
point of the patellar tendon at the attachment site. (d) the medial 
one‑sixth point of the patellar tendon at the attachment site. (e) the 
medial third point of the patellar tendon at the attachment site. C 
(O) the midpoint of posterior cruciate ligament insertion. D (f ) the 
innermost position of the tibial plateau at the resection level. (g) the 
outermost positions of the tibial plateau at the resection level. (GC) 
the geometric center of the tibial osteotomy surface

Fig. 2 Measure rotational mismatch angles between the line 
perpendicular to the projected surgical transcondylar axis and tibial 
rotational alignment axes on the tibial osteotomy surface
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the line perpendicular to the SEA was calculated in all 
models.

The mismatch angle between six tibial rotational axes 
and the SEA was measured by two experienced physi-
cians who were not obtained with any patient informa-
tion, respectively. The measurements were performed 
again 1  month after the initial measurements by one of 
the physicians.

Statistical methods
Statistical analyses were performed using SPSS statistical 
software (version 26.0; SPSS Inc, Chicago, IL, USA). The 
normality assumption of the measured data was com-
pleted by the Shapiro–Wilk test. The student t test was 
performed to determine the significance between gen-
der differences in 82 female and 53 male patients. The 
student t test was performed between the Akagi line and 
MBPT, between MSPT1 and MSPT2, between MTPT1 
and MTPT2 which refer to the same location of the 
patellar tendon attachment site but different posterior 
anatomical landmarks. The one-way ANOVA was used 
to analyze the mean angular differences and variance 
among the six tibial rotational axes. Bonferroni multiple 
comparison method was performed as post hoc analysis. 
Probability (P) values < 0.05 were considered to be statis-
tically significant.

Results
Intra- and interobserver variability were 0.89 and 0.93, 
respectively, which was assessed by the intraclass corre-
lation coefficients (ICC). The Shapiro–Wilk test showed 

that all measurement data were in accordance with a nor-
mal distribution.

The mean absolute deviations and standard deviations of 
the rotational mismatch angle of six tibial rotational axes 
relative to the line perpendicular to the projected SEA, 
are shown in Table 2. The Akagi line and the MBPT were 
internally rotated by 1.8° ± 5.1° and 2.5° ± 5.3° , respectively. 
In contrast, the MSPT1, MSPT2, MTPT1, and MTPT2 
were externally rotated by 2.8° ± 5.3°, 4.5° ± 5.4°, 7.3° ± 5.4°, 
and 11.6° ± 5.8° , respectively (Table 2). Gender differences 
were found in six tibial rotational axes (P < 0.05). The tibial 
rotational axes in the female were significantly more exter-
nally rotated than that in the male (Table 2).

The percentage of the cases which tibial rotational axes 
differed by 3°, 5°, and 10° from the line perpendicular to 
the SEA are shown in Table 3. The Akagi line showed the 
lowest percentage of outliers followed by MBPT, MSPT1, 
MSPT2, MTPT1, and MTPT2.

There was no statistical difference between the Akagi 
line and MBPT. The same was shown between MSPT1 
and MSPT2. Statistically significant differences existed 
between MTPT1 and MTPT2 (Fig. 4).

Discussion
This study found the following to be the most impor-
tant results: (1) gender differences exist when choosing 
patellar tendon as anatomic landmarks for tibial rota-
tional alignment in total knee arthroplasty. The female 
are better suited to reference the medial boundary of the 
patellar tendon attachment site, while the male are bet-
ter suited to reference the medial one-sixth of the patel-
lar tendon attachment site. (2) the geometric center of 
the tibial osteotomy plane could be used as the posterior 

Fig. 3 Schematic diagram of six tibial rotational alignment axes. 1: Akagi line. 2: MBPT. 3: MSPT1. 4: MSPT2. 5: MTPT1. 6: MTPT2
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anatomic landmark instead of the middle of the poste-
rior cruciate ligament termination when referring to the 
medial boundary or medial one-sixth of the patellar ten-
don attachment site.

A series of anatomical reference axes have been pro-
posed to improve the accuracy of tibial rotational align-
ment, in which the Akagi line has the most accurate 
and least variable [24]. The Akagi line refers the medial 
boundary of the patellar tendon attachment site as the 
anterior anatomic landmark and the middle of the PCL 
termination as the posterior anatomic landmark. The 
reasons why both anatomical landmarks are used as 
references are as follows: (1) The PCL attaches to the 
notch of tibial posterior condyle which is in the center 
of the knee and can be clearly identified as an elliptical 
plaque in proximal tibia on CT scans. (2) The patellar 
tendon can be clearly identified as an area composed of 
hypodense soft tissue on CT scans. The medial and lat-
eral boundaries of its attachment site can be differenti-
ated easily on CT scans or in TKA. (3) It was reported 
that the medial percentage width of the patellar tendon 
attachment site which was separated by the tibial ante-
rior–posterior axis (a line passing through the middle 
of the PCL termination and perpendicular to the SEA 
in an extended knee position) at the attachment level 
was at an average of − 0.2% ± 10.4% in healthy people. 
It can be assumed that the vertical line of the SEA is 
basically parallel to the line connecting the middle of 

the PCL termination and the medial boundary of the 
patellar tendon attachment site.

However, the Akagi line also has its own drawback that 
the proximal tibial osteotomy in TKA will increases the 
difficulty of identification of the PCL terminations. Kawa-
hara [15] found that the line perpendicular to the pro-
jected SEA passed through the geometrical center of the 
proximal tibial osteotomy surface and the medial one-
sixth of the patellar tendon attachment site. It was the 
first time to propose to reference the medial one-sixth 
of the patellar tendon attachment site as an anatomical 
landmark for tibial rotational axis. MA [21] compared the 
differences between the SEA and the tibial rotational axes 
which were referenced to the patella tendon attachment 
site by reconstructing the 3D models of the knee recently. 
It was found that the line connecting the GC of the tib-
ial osteotomy plane and the medial boundary or medial 

Table 2 Mismatch angles between tibial rotational alignment axes and the SEA

Parameter Whole patients (n = 135) 
Mean ± SD (range)

Female (n = 82) Mean ± SD (range) Male (n = 53) Mean ± SD (range) P value

Akagi line − 1.8 ± 5.1 (− 17.1, 10.2) − 1.1 ± 5.1 (− 15.8, 10.2) − 2.9 ± 5.0 (− 17.1, 6.8)  < 0.05

MBPT − 2.5 ± 5.3 (− 19.5, 9.7) − 1.4 ± 5.4 (− 17.4, 9.7) − 4.1 ± 4.8 (− 19.5, 7.9)  < 0.01

MSPT1 2.8 ± 5.3 (− 12.1, 13.4) 3.5 ± 5.2 (− 12.1, 13.4) 1.6 ± 5.4 (− 12.0, 10.8)  < 0.05

MSPT2 4.5 ± 5.4 (− 14.0, 16.9) 5.6 ± 5.2 (− 11.6, 16.9) 2.9 ± 5.3 (− 14.0, 12.8)  < 0.01

MTPT1 7.3 ± 5.4 (− 8.8, 17.7) 8.1 ± 5.2 (− 8.8, 17.7) 6.2 ± 5.5 (− 7.5, 17.1)  < 0.05

MTPT2 11.6 ± 5.8 (− 6.9, 24.0) 12.8 ± 5.6 (− 4.6, 24.0) 9.7 ± 5.6 (− 6.9, 19.4)  < 0.01

Table 3 Percentage of outliers for tibial rotational alignment 
axes

Parameter (angle) 3° (%) 5° (%) 10° (%)

Akagi line 60.0 36.3 5.9

MBPT 59.3 35.6 8.9

MSPT1 63.0 40.0 13.3

MSPT2 75.6 55.6 14.8

MTPT1 83.0 68.9 28.9

MTPT2 97.0 89.6 63.0

Fig. 4 The boxplot shows rotational mismatch angles between tibial 
rotational alignment axes and the SEA (ns, no statistically difference; 
****, P < 0.0001)
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one-sixth of the patellar tendon attachment site could be 
an ideal substitute for the Akagi line for the tibial rota-
tional alignment. The GC of the tibial osteotomy surface 
in that study was characterized as the center of the oval 
that best fits the margin on tibial resection level. In his 
previous study, the GC of the tibial osteotomy plane was 
also defined as the midpoint of the center of the circles 
best fitting to the edge of medial or lateral tibial plateau 
[20]. However, these approaches are not easily applied 
intraoperatively. Therefore, in this study, the GC of the 
tibial osteotomy surface was defined as the midpoint of 
the longest medial–lateral axis, which has the advantage 
of facilitating intraoperative definition.

The influence of gender differences on the Akagi line 
has been discussed in previous studies. Lu [19] found 
the mismatch angles between the Akagi line and the SEA 
were 0.8° ± 5.0° and 3.0° ± 4.5° in the non-osteoarthritis 
knees of the male and female, respectively. The angular 
differences between the male and female have also been 
shown to exist in the varus knees [23]. However, the 
influence of gender differences on the locations of the 
patellar tendon attachment site as the anatomical land-
mark has not been investigated.

As previously mentioned, the Akagi line was the most 
reliable rotational reference axis for tibial component 
in all patients. The average mismatch angle between 
the Akagi line and the SEA was − 1.8° ± 5.1° with the 
least mean absolute deviation and standard deviation. 
The average malrotation angle of MBPT was 2.5° ± 5.3°, 
which was internally rotated like the Akagi line. MSPT1, 
MSPT2, MTPT1, and MTPT2 were externally rotated 
by 2.8° ± 5.3°, 4.5° ± 5.4°, 7.3° ± 5.4°, and 11.6° ± 5.8° , 
respectively. However, the conclusion was not accurate 
when the gender difference is taken into consideration. 
All tibial rotation axes referring the patellar tendon site 
showed significant differences between the female and 
male. Tibial rotational axes in the female were signifi-
cantly more externally rotated than those in the male. 
The Akagi line was still the most reliable tibial rotational 
axis in the female, but it was different in the male. The 
line with the least mean absolute deviation and variance 
in the male was MSPT1. It is more reliable for the male 
to reference the medial one-sixth of the patellar tendon 
attachment site than the medial boundary as the anterior 
anatomical landmark. It may cause internal misalignment 
of tibial components if the Akagi line is still seen as the 
standard reference axis in the male.

When comparing the tibial rotational axe that refer 
to the same location of the patellar tendon attachment 
site but different posterior anatomical landmarks, sig-
nificant difference was shown between MTPT1 and 
MTPT2. However, there were no significant differences 
between the Akagi line and MBPT, and between MSPT1 

and MSPT2. It is proven that the geometric center of the 
tibial osteotomy plane can be a substitute for the middle 
of the PCL termination as the posterior anatomical land-
mark when refer to the medial boundary or one-sixth of 
the patellar tendon attachment site as the posterior ana-
tomical landmark.

This study has the following limitations: First, only 
the OA patients with varus knees were enrolled in the 
study. The influence of the varus or valgus deformity of 
the knees on tibial rotation alignment is not taken into 
consideration. Tibial osteotomy thickness is different 
between the varus and valgus knees. The difference can 
affect the shape of tibial osteotomy plane, and the accu-
racy of the location of the GC of the tibial osteotomy 
plane further. However, the cases of the male patients 
with valgus knees at our institution was not sufficient 
to meet the sample size requirement during the study 
period. Second, other factors except the gender differ-
ences that may have an impact on the accuracy of the 
anatomical landmarks for tibial rotational alignment 
exist. On the one hand, the position of the patellar liga-
ment at the attachment can be influenced by the loca-
tions of the tibial tuberosity. It has been demonstrated 
that the TT-TG distance correlates with the accuracy of 
the Akagi line. On the other hand, the tibial osteotomy 
direction in this study only considered a posterior slope 
angle of 0°, but it has been demonstrated that tibial rota-
tional axes tend to externally rotate as the posterior slope 
angle increases.Moreover, no consideration was given to 
the effect of femur or body size on tibial rotational align-
ment. The influences of these factors need to be further 
discussed. Lastly, the population of the study was limited 
to Chinese subjects. The anatomic differences of proxi-
mal tibia may prevent conclusions from being applied to 
Caucasian populations.

Nevertheless, this study provides valuable information 
on assessing which location of the patellar tendon at the 
attachment is the most suitable anatomical landmark for 
tibial rotational alignment in the male or female patients 
by means of 3D virtual surgery.

Conclusion
When referring patellar tendon attachment site as ante-
rior anatomical landmarks for tibial rotational align-
ment, the influence of gender difference on the accuracy 
needs to be taken into account. The geometric center of 
the tibial osteotomy plane can be used as a substitute 
for the middle of the PCL termination when reference 
the medial boundary or one-sixth of the patellar tendon 
attachment site.
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