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INTRODUCTION

The rotational relationship between the femoral and
tibial components is an important factor affecting the
overall function and durability of total knee arthroplasty

Noriaki Arai

| Hironari Masuda | Hirotaka Kawano |

Abstract

Purpose: It is not known where the anatomical axis of rotation on the tibial
side will be in kinematic alignment (KA), a rapidly expanding area of total
knee arthroplasty (TKA) alignment technique today. The purpose of this
study was to define the tibial axis for KA-TKA.

Methods: Fifty patients who underwent computed tomography (CT) ex-
amination of the lower extremities at a single institution were included.
The posterior condylar axis (PCA) and surgical epicondylar axis (SEA) were
identified in the CT axial view and projected onto the tibial slice.
The respective perpendicular lines that pass through was attachment of the
posterior cruciate ligament (PCL) were identified as the anatomic axis of
rotation of the tibia relative to the PCA and SEA, and the position of each
axis of rotation. Furthermore, the relationship of these perpendicular lines
with the Akagi line was evaluated.

Results: The axis of tibial rotation to the SEA was similar to that of the
Akagi line; the axis of tibial rotation to the PCA was located approximately
2.9° medial to the Akagi line, and when the origin of the tibial axis was set at
the PCL attachment site, the intersection point of the tibial axis was
approximately 2.5 mm medial to the medial border of the tibial tuberosity.
The distribution of tibial axis had a wide range.

Conclusion: Although there is a large individual variation, the average tibial
axis for KA-TKA is 2.9° more internally rotated than the Akagi line.

Level of Evidence: Level IV.
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(TKA). Malrotation of tibial implants can lead to aseptic
loosening, instability, polyethylene wear, and extension
deficits, resulting in revision TKA [1, 10, 19, 23, 24]. ltis
not difficult to imagine that a mismatch with femoral
rotation reduces implant conformity, causing patient

Abbreviations: KA, kinematic alignment; MA, mechanical alignment; PCA, posterior condylar axis; PCL, posterior cruciate ligament; SEA, surgical epicondylar axis;

TKA, total knee arthroplasty.
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discomfort and implant dysfunction and
patient satisfaction [19, 24].

To date, the mechanical alignment (MA) technique
with osteotomy perpendicular to the mechanical axis
has been the gold standard for TKA. In this technique,
the most commonly used centre of rotation on the
femoral side is the surgical epicondylar axis (SEA),
which connects the sulcus of the medial femoral epi-
condyle and the lateral femoral epicondyle [5, 8, 13, 16,
17]. The most appropriate axis for the tibial side in
relation to this femoral axis is the Akagi line, which
connects the attachment site of the posterior cruciate
ligament (PCL) to the medial border of the tibial
tuberosity and is used by many surgeons as an indi-
cator [3, 4]. On the other hand, kinematic alignment
(KA), which attempts to rebuild the patient's constitu-
tional alignment, has become widespread. In this
technique, the centre of rotation on the femoral side is
set on the cylindrical axis [11]. Specifically, this is done
by matching the amount of osteotomy on the femoral
posterior condyle both medially and laterally, referring
to the posterior condylar axis (PCA). At present,
although the axis of rotation on the femoral side has
been determined, it is not known where the axis on the
tibial side will be in KA.

The purpose of this study was to define the ana-
tomical tibial axis for KA of the TKA. Identifying this
may allow for tibial implants that match the tibial axis
corresponding to the femoral axis created based on
cylindrical axes in KA. Previous anatomical studies
have reported that the PCA is internally rotated relative
to the SEA. Therefore, we hypothesise that the AP axis
of the tibia in KA-TKA involves slight internal rotation
compared with the Akagi line.

reducing

MATERIALS AND METHODS
Patients and design

The study protocol was approved by the institutional
review board of the Teikyo University Ethics Commit-
tee, and all patients provided informed consent.

Fifty patients who had computed tomography (CT)
scans of the lower extremities, including the knee joint, at
a single institute between January 2023 and December
2023 were included. Patients whose bone geometry was
affected by the following conditions were excluded: under
20 years of age, a history of lower extremity fracture, a
history of lower extremity surgery, a history of patellar
dislocation or subluxation, bone tumour, knee osteo-
arthritis according to the Kellgren and Lawrence classifi-
cation greater than 2°, osteonecrosis, or inflammatory
disease such as rheumatoid arthritis.

The patients were informed of the risk of
radiographic exposure during CT scans, and written
informed consent was obtained.

Imaging protocol

CT (Toshiba Aquilion; Toshiba Medical Systems Cor-
poration) was performed using the standard bone CT
protocol with 0.5-mm axial sections in three planes,
with a tube voltage of 120 kV. During scanning, the leg
was set fixed in a wooden frame so that the knee was
kept in an extended position (0° of flexion) and placed
parallel to the CT bed. The knee position was deter-
mined so that the subject could feel a naturally ex-
tended knee position in the frame without any feeling of
internal or external rotation. Scans were made per-
pendicular to the tibial shaft axis at 3 mm intervals with
a 2-mm wide source beam.

Radiographic analysis

The CT images taken were analysed to identify the axis
of the tibia relative to the PCA and SEA. The evaluation
was conducted using a PACS workstation (V5 Impax,
Agfa HealthCare). These were used for overlaying CT
scans spatially, for drawing lines or points on CT scans,
for projecting a line or a point on a scan to another
scan, for measuring relative widths, and for measuring
the angles between two lines. The following measure-
ments were made with reference to the method previ-
ously used to identify the Akagi line [4]. First, the slice
containing the lowest point of the femoral posterior
condyle was selected in the axial slice of the femur, and
the line connecting the lowest point of the medial and
lateral posterior condyles was used as the PCA. In the
region of that axial slice, a slice in which the lateral
epicondyle and the sulcus of the medial femoral epi-
condyle could be identified was selected, and the line
connecting them was used as the SEA (Figure 1).

First, to identify the tibial axis at the level of the tibial
articular surface, the PCA and SEA were projected
onto the axial slice of the tibial articular surface. A line
perpendicular to the projected PCA and passing
through the centre of the PCL attachment was defined
as the AP axis for the PCA of the tibia. Similarly, a line
perpendicular to the projected SEA and passing
through the centre of the PCL attachment was defined
as the AP axis for the SEA of the tibia. The PCL was
clearly observed in the posterior condylar notch of the
tibia. To measure the distance from the medial border
of the patellar tendon to the tibial axis at the level of the
tibial articular surface, the distance between the tibial
axis of the PCA and the medial border of the patellar
tendon was defined as the mPCA (mm), and the dis-
tance between the tibial axis of the SEA and the medial
border of the patellar tendon was defined as the mSEA
(mm) (Figure 2). The intersection of the tibial axis and
the patellar tendon was defined as negative when it
was on the patellar tendon side and positive when it
was medial to the patellar tendon.
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Second, to identify the tibial axis at the level where
the patellar tendon attaches to the tibial tuberosity,
the PCA and SEA were projected onto the axial slice
where the patellar tendon attaches to the tibial tuber-
osity. The mPCA (mm) of the slice at the level of the
tibial tuberosity was defined as m'PCA, and the mSEA
of the slice at the level of the tibial tuberosity was

FIGURE 1 |In the coronal slice of the CT image, the slice
containing the lowermost point of the femoral posterior condyle was
selected, and the line connecting the lowermost points of the medial
and lateral posterior condyles was defined as the PCA. In addition, a
slice was selected in the vicinity of the slice where the grooves of the
lateral femoral epicondyle and medial femoral epicondyle could be
seen, and the line connecting them was defined as the SEA. CT,
computed tomography; PCA, posterior condylar axis; SEA, surgical
epicondylar axis.

Patella tendon

Projected PCA

defined as m'SEA (mm) (Figure 3). Finally, to determine
the angle between the tibial AP axis of the PCA and the
Akagi line, the angle between the line connecting the
centre of the PCL to the medial border of the patellar
tendon and the tibial axis of the PCA was measured at
the level of the tibial attachment and defined as angle a
(degrees).

Measurements of the mPCA, mSEA, m'PCA, and
m'SEA were performed by one observer (ST). In-
traobserver variations in the measurements were
assessed by repeating the measurements 10 times in
three subjects. The maximum intraobserver differ-
ence in the measurements was 5%, and the largest
standard deviation was 2.2%. The angle between the
AP axis and the Akagi line was measured by three
independent observers (ST, NA and HM). All angular
measurements were repeated by the three observ-
ers, and the mean was regarded as the true value.
The maximum interobserver difference was less
than 2.0°.

RESULTS

Fifty knees from 48 patients were enroled in this study.
Patient demographics are shown in Table 1. The mean
patient age was 52.0 (20-77) years. Twenty-seven
knees were examined via CT after minor trauma,
17 knees were evaluated closely for knee pain, and 6
knees were evaluated for soft tissue masses around
the knee joint.

(b)

Patella tendon,

mSEA

Defined AP axis for SEA

FIGURE 2 PCA and SEA were projected onto coronal slices at the level of the tibial articular plane. A line perpendicular to the projected
PCA and passing through the centre of the PCL attachment was defined as the AP axis of the tibial PCA. Similarly, a line perpendicular to the
projected SEA and passing through the centre of the PCL attachment was defined as the AP axis of the SEA of the tibia. mPCA (mm) was
defined as the distance from the tibial axis of the PCA to the medial edge of the patellar tendon, and mSEA (mm) as the distance from the tibial
axis of the SEA to the medial edge of the patellar tendon. (a) Measurement of the mPCA. In a slice of the tibial articular surface, the line
perpendicular to the projected PCA that passes through the attachment of the PCL was defined as the AP axis for PCA, and the distance from
the medial border of the patella tendon was defined as mPCA. (b) Measurement of the mSEA. In the same slice, a line perpendicular to the
projected SEA that passes through the attachment of the PCL was defined as the AP axis for SEA, and the distance from the medial border of
the patella tendon was defined as m'SEA. AP, anterior—posterior; PCA, posterior condylar axis; PCL, posterior cruciate ligament; SEA, surgical

epicondylar axis.
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FIGURE 3 The PCA and SEA were projected onto the axial slice where the patellar tendon attaches to the tibial tuberosity. At this level, the
distance between the tibial axis and the medial edge of the patellar tendon relative to the PCA was defined as m'PCA (mm) and the distance
between the tibial axis and the medial edge of the patellar tendon relative to the SEA was defined as m'SEA (mm). (a) Measurement of the
m'PCA and angle A. In the slice where the patella tendon attaches to the tibial tuberosity, the AP axis for PCA was defined as a line that is
perpendicular to the projected PCA and passes through the PCL, connected to the medial border of the patella tendon. The distance was
defined as m'PCA. In addition, the angle between Akagi line and AP axis for PCA was defined as angle A. (b) Measurement of the m'SEA. In the
same slice, the line perpendicular to the projected SEA that passes through the attachment of the PCL was defined as the AP axis for SEA, and
the distance to the medial border of the patella tendon was defined as mSEA. AP, anterior—posterior; PCA, posterior condylar axis; PCL,

posterior cruciate ligament; SEA, surgical epicondylar axis.

TABLE 1 Patient demographics.
n 50 knees (48 patients)
Age Mean, 52.0 (20-77)
Height (cm) Mean, 164.8 (148-88)
Weight (kg) Mean, 71.0 (39-148)
BMI Mean, 25.6 (17.0—41.8)
Sex Male: 26, female: 22

Reason of CT Minor trauma: 27
Scrutiny of pain: 17

Soft tissue tumour: 6

Abbreviations: BMI, body mass index; CT, computed tomography.

At the level of the tibial plateau, the AP axis of the PCA
generally passed through the proximity of medial border of
the patellar tendon, averaging 1.0 £ 2.6 mm medial to the
medial border of the patellar tendon. In men, it was
0.6 £2.5mm medial to the medial border of the patellar
tendon, and in women, it was 1.4 £ 3.0 mm medial to the
medial border of the patellar tendon. At this level, the AP
axis of the defined SEA generally passed above the
patellar tendon itself and was on average —1.2+2.8 mm
lateral to the medial border of the patellar tendon. In men, it
was -1.5+2.8mm lateral to the medial border of the
patellar tendon, and in women, it was —0.8 £ 2.8 mm lateral
to the medial border of the patellar tendon.

At the level of the patellar tendon attachment, the
tibial AP axis of the PCA passed an average of

2.5+ 3.0 mm medial to the medial border of the tibial
tuberosity. The distribution of the results is shown in
Figure 4. In men, it was 2.3+ 3.0 mm medial to the
medial edge of the patellar tendon, and in women, it
was 2.7 £ 3.1 mm medial. At this level, the defined AP
axis of the SEA generally passed near the medial
border of the patellar tendon and was on average
0.7 £2.9 mm medial to the medial border of the tibial
tuberosity. In men, it was 0.4 +2.9 mm medial to the
medial border of the tibial tuberosity, and in women, it
was 1.0+2.8 mm medial to the medial border of the
tibial tuberosity. In every case, the AP axis of the tibia
passed more medially in women than in men.

The mean angle which is between the AP axis for
PCA and Akagi line was 2.9 + 3.3° to the medial edge of
the patellar tendon in all subjects. The distribution is
shown in Figure 5. The mean angle was 2.5+ 3.2° for
males and 3.4 + 3.5° for females.

DISCUSSION

The most important finding of this study was that when
the femoral axis of rotation was set at the PCA, the
tibial axis at the level of the patellar tendon attachment
was approximately 2.9° internally rotated to the Akagi
line, and when the origin of the tibial axis was set at the
PCL attachment site, the intersection of the tibial axis
was approximately 2.5 mm medial to the medial border
of the tibial tuberosity. Akagi et al. showed that when
the PCL attachment site, which can be easily identified
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FIGURE 4 Distribution of m'PCA. Vertical axis is the number of n,
horizontal axis is the distance of m'PCA (mm). PCA, posterior
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FIGURE 5 Distribution of the angle between the tibial AP axis
and the Akagi line relative to the PCA. Vertical axis is the number of
n, horizontal axis is the angle (°). AP, anterior—posterior; PCA,
posterior condylar axis.

on CT, is used as a landmark, the medial border of the
patellar attachment site is an indicator of the tibial axis
[3, 4]. In the present study, we measured the tibial axis
to the SEA using the same method and found that it
was 0.7 mm medial to the medial border of the patellar
tendon attachment site, almost the same as that re-
ported by Akagi et al. When the tibial axis to the PCA
was measured in the present study, it was medialized
by an average of 2.9° compared to the Akagi line.
Previous studies have reported that the PCA is inter-
nally rotated 1—4° relative to the SEA [2, 5, 9, 12, 18,
20, 26, 28]. Considering this, the results of the present
study are reasonable.

Conventionally, the reference axis of rotation on the
femoral side was the SEA, and the corresponding ref-
erence axis on the tibial side was the Akagi line.
However, in the currently widely practised KA method,
the reference axis on the femoral side is the PCA.
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Currently, many surgeons still use the Akagi line or 1/3
tibial position as the reference axis for tibial rotation
when performing KA [3, 6, 21]. The results of this study
show that when the Akagi line is used for KA, the
average femoral-tibial mismatch is 2.9°, and the mis-
match is much greater when the point 1/3 of the tibial
tuberosity is used as the reference for KA. With less
restrictive implants, rotational mismatch could lead to
subluxation of the tibiofemoral joint and wear of the
polyethylene insert. With more restrictive implants,
impingement of the implant and insert can occur,
leading to misalignment of the knee joint, ankle
and foot. Conversely, excessive internal rotation of the
tibial component is a risk factor for pain and worse
outcomes [27]. For this reason, care should be taken to
avoid unwanted internal rotation. Clinical data on this
topic is not yet available but should be discussed fur-
ther as KA expands.

The second important finding is the wide range of
tibial axis values relative to the PCA. As shown in
Figures 4 and 5, the tibial axis can be 5° more ex-
ternally rotated or 9° more internally rotated than the
Akagi line. Individual differences in the morphology of
the lateral femoral condyles have been reported to
be significant, which may be one of the reasons for the
large variation in the present results [14, 25]. The
present results provide one criterion for the tibial rota-
tion axis in KA-TKA, but it is not an index that applies to
all individuals. In some cases, tibial rotation requires
not only anatomical but also kinematic techniques,
such as checking the conformity of the tibial component
to the femoral component during repeated flexion-
extension of the knee.

At the level of the articular surface of the tibia, the
tibial axis for the SEA passed lateral to the medial
border of the patella, whereas the tibial axis for the
PCA passed near the medial border of the patella.
Previously, Akagi et al. reported that at the level of the
articular surface, the tibial axis of rotation for SEA
passes 11% lateral to the width of the patellar tendon
rather than the medial border of the patellar tendon,
which is similar to the present results [4]. In the future, if
implants are able to fully reproduce the original tibial
shape via KA, the axis of rotation of the tibia will pass
through the medial border of the patellar tendon.
Although it is still difficult to completely recreate the
original knee with current technology, the present
results may provide guidance for future advances in
robotics and implants, as well as for the prediction of
original knee morphology using the CPAK classification
and other methods [15].

The present study had several limitations. The
number of subjects was limited (the total number of
subjects was 50 knees, 27 males and 23 females).
Additionally, the study was limited to Japanese sub-
jects. The data included in this study may be typical for
Asian knees, and there may be anatomic differences in
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the Caucasian population. Therefore, the results of this
study should be interpreted with caution. Other limita-
tions are due to the method of measurement. The knee
has a screw home mechanism that rotates the lower
leg externally during extension. In this study, images
were taken in the knee joint extension position, where
rotation of the femur and tibia itself is unlikely to occur.
In addition, to minimise the effects of rotation, images
were taken in what the examiner determined to be in a
natural extended position. However, even in the ex-
tended position, a certain degree of rotational mis-
alignment may have occurred. Although the image
evaluation in this study verified both intraobserver and
interobserver errors, it is possible that this rotation
misalignment may have affected the results. This study
was based on image metrics, and it remains to be seen
whether these metrics can be adapted to actual patient
knees. Finally, one of the main problems with tibial
internal rotation in TKA is the high risk of patellofemoral
dislocation, which was not evaluated in this study
[7, 22]. Future studies using 3D or in-motion images
would be desirable.

CONCLUSION

Although there is a large individual variation, the
average tibial axis for KA-TKA is 2.9° more internally
rotated than that of the Akagi line.
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