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Abstract

Purpose: to compare the anterior tibial surface curva-
ture, the Akagi’s line and the medial third of the tibial
tubercle in order to assess which is the most reliable
landmark for correct tibial component rotational posi-
tioning in total knee arthroplasty. 
Methods: three independent investigators reviewed
124 knee MRI scans. The most suitable tibial basepla-
te tracing for the Nexgen Total Knee System (Zimmer,
Warsaw, USA) was superimposed on the scan mat-
ching the anterior tibial cortex with the anterior aspect
of the baseplate. The rotation of the tibial baseplate
tracing was calculated with respect to the transepi-
condylar axis (TEA), the medial third of the tibial
tubercle line, Akagi’s line and the femoral posterior
condylar axis (PCA). Customized software was created
and used for analysis of the MRI datasets.The reliabi-
lity of each measurement was then calculated by using
the intraclass correlation coefficient for interobserver
agreement.
Results: observer agreement on the position of the
Akagi’s line was within 3° in 64% of the cases and
within 5°in 85% of the cases. Agreement on the posi-
tion of the medial third of the tibial tubercle was

within 3°in 29% of the cases and within 5°in 70% of
the cases. Agreement on the localization of the anterior
tibial surface curvature was within 3°in 89% of the
cases and within 5°in 99% of the cases. Component
alignment along the anterior cortex guaranteed full
matching ± 3° with the epicondylar axis in 75% of the
knees.
Conclusions: the anterior tibial surface curvature was
found to be a more reliable and more easily identifia-
ble landmark for correct tibial component alignment
than either Akagi’s line or the medial third of the
tibialtubercle.
Level of evidence: level III, retrospective cohort study.

Key Words: arthroplasty, alignment, bone landmarks,
knee, magnetic resonance, TKA.

Introduction

Restoration of the mechanical axis and soft tissue
balancing are well-established key factors for a succes-
sful total knee arthroplasty (TKA), an operation that
continues to have a considerable failure rate. Many
studies have reported a poor functional outcome follo-
wing rotational malalignment of the femoral and tibial
components (1-3). Rotational malalignment may lead
to patellar maltracking, anterior knee pain, flexion
instability and premature wear of the polyethylene
inlay. The rotational alignment of the femoral compo-
nent has been extensively studied and useful reference
axes for setting proper femoral rotation have been esta-
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blished, including the posterior condylar axis (PCA),
the midtrochlear line (Whiteside’s line) and the trans-
epicondylar axis (TEA)(4-6). As a result, many femo-
ral cutting guides use the transepicondylar line as a
reference for rotational alignment of the femoral com-
ponent.
Less attention has been paid to rotational alignment of
the tibial component, for which there is still no esta-
blished standard reference in the current literature.
Currently, two techniques are used to determine tibial
rotation in TKA. The first utilizes anatomical land-
marks, while the second is a range-of-motion (ROM)
technique. Historically, the anatomical landmark tech-
nique used conventional references, both extra-articu-
lar (i.e. the transmalleolaraxis, the second metatarsal
axis and the tibial tubercle) and intra-articular (i.e. the
posterior tibial condylar line, the transcondylar tibial
line, and the line between the tibial spines). More
recently, various sagittal planes have been described
including a line perpendicular to the posterior joint
surface passing through the medial third of the tibial
tubercle (7) and a line passing through the middle of
the posterior cruciate ligament perpendicularly to the
projected femoral TEA (Akagi’s line) (8). 
Unfortunately, many of these references vary among
patients, are difficult to establish, and are therefore
unreliable. The ROM technique aligns the tibial com-
ponent according to the rotational alignment of the
femoral component during trial reduction by means of
a “self-seeking method”. Unfortunately, this method
induces the risk of transferring a femoral malrotation
to the tibia (1). None of these methods has been uni-
versally adopted. 
The aim of this study was to define an easily identifia-
ble landmark and to propose a reliable method for
ideal positioning of the tibial component in TKA. We
set out to ascertain whether there is an optimal way of
orienting the tibial component in TKA, starting from
the assumption that a single area would be a better and
more readily identifiable landmark than a single point
or a line, as previously described (6-8). Our hypothe-
sis was that the anterior tibial surface curvature is a
more reliable landmark for correct tibial component
rotational positioning in TKA with respect to Akagi’s
line and the medial third of the tibial tubercle.

Methods

We analyzed 124 magnetic resonance imaging (MRI)
knee scans from 124 patients (69 women and 55 men)
with a mean age of 42 years (18 to 74 years). All scans
were performed using an open-style MRI scanner
(MAGNETOM® MRI system; Siemens, Munich,
Germany), positioning the knee in full extension with
the second metatarsal axis in a vertical position: all
images had a thickness of 2 mm with 3 mm in recon-
structive increments from the distal metaphysis to the
tibial tubercle. All scans were performed in patients
with suspected ligament or cartilage damage. None of
the knees showed the presence of osteoarthritis, liga-
ment lesions, significant meniscal lesions, or flexion
contracture. 
The femoral TEA and the femoral PCA were identi-
fied on a single axial scan of the distal femur (Fig. 1),
while the projection of the medial third of the tibial
tubercle on the anterior tibial cortex was identified on
an axial MRI scan of the proximal tibia (Fig. 2). For
each knee, the TEA, PCA and medial third of the
tibial tubercle were identified on axial MRI scan of the
proximal tibia. The geometric center of the tibial pla-
teau was also identified (Fig. 3). A line was first drawn
from the center of the tibial plateau to the medial third
of the tubercle (A), after which the line perpendicular
to the TEA passing through the center of the tibial

Fig. 1. Axial MRI scan of the distal femur: transepicondylar axis (TEA)
and femoral posterior condylar axis (PCA). 
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plateau (Fig. 4) was identified (B). At this point,
Akagi’s line was drawn (Fig. 5). This landmark is
defined by a line starting at the medial third of the tib-
ial tubercle and ending at the center of the tibial inser-
tion of the posterior cruciate ligament. The most suit-
able tibial baseplate tracing (size 3 to 8) for the Nexgen

Total Knee System (Zimmer, Warsaw, USA) was
superimposed on the scan, matching the anterior tib-
ial cortex with the anterior surface of the baseplate
(Fig. 6).The rotation of the tibial baseplate tracing was
calculated with respect to the TEA, medial third of the
tibial tubercle line, Akagi’s line and PCA. 

Fig. 2. Axial MRI scan of the proximal tibia: projection of the medial
third of the tibial tubercle on the anterior tibial cortex. 

Fig. 3. Axial MRI scan of the proximal tibia: identification of the geo-
metric center of the tibialplateau. TT = projection of the medial third
of the tibial tubercle on the anterior tibial cortex; TEA = transepi-
condylar axis; PCA = femoral posterior condylar axis.

Fig. 4. Axial MRI scan of the proximal tibia: A) Line A: conjunction bet-
ween the geometric center of the tibial plateau and the projection of
the medial third of the tibial tubercle on the anterior tibial cortex; B)
Line B: perpendicular conjunction between the geometric center of
the tibial plateau and the projection of the TEA.

Fig. 5. Axial MRI scan of the proximal tibia: Akagi’s line. This land-
mark is defined by a line starting at the medial third of the tibial tuber-
cle and ending at the center of the tibial insertion of the posterior cru-
ciate ligament.
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Customized software was created and used for analysis
of the MRI datasets. All axial images were evaluated
independently by three observers (PFI, PCM, AB).
They independently repeated the entire process, from
point gathering to measurement of angles. The reliabi-
lity of each measurement was then calculated by using
the intraclass correlation coefficient for interobserver
agreement. The coefficient value is reported as an ave-
rage of multiple pairwise comparisons (PFI vs PCM;
PFI vs AB; PCM vs AB).

Results

Akagi’s line
With regards to the position of Akagi’s line, the three
observers showed agreement within 3°in 64% of the
cases and within 5° (minimum: 16°, maximum: 7°) in
85% of the cases. The average intraclass correlation
coefficient was 0.923 (PFI vs PCM: 0.910; PFI vs AB:
0.933; PCM vs AB; 0.927).Use of this landmark
might lead to internal rotation of the tibial compo-
nent.

Medial third of the tibial tubercle
With regards to the position of the medial third of the

tibial tubercle the three observers showed agreement
within 3° in 29% of the cases and within 5° (mini-
mum – 4°, maximum + 4°) in 70% of the cases. The
average intraclass correlation coefficient was 0.881
(PFI vs PCM: 0.871; PFI vs AB: 0,897; PCM vs AB:
0.876). Use of this landmark led to an average 4.7° (±
3.6º) of external rotation of the tibial component with
respect to the TEA.

Anterior tibial surface curvature
The three observers showed agreement on the localiza-
tion of the anterior tibial surface curvature within 3°in
89% of the cases and within 5° (minimum – 1°, maxi-
mum + 4°) in 99% of the cases. The average intraclass
correlation coefficient was 0.949 (PFI vsPCM: 0.940;
PFI vsAB: 0.961; PCM vsAB: 0.947). In 75% of the
cases, component alignment along the anterior cortex
guaranteed full matching (± 3°) with the epicondylar
axis in extension, with minor errors in external rotation.

Discussion

Rotational malalignment has been shown to be a
major cause of medium-term failure in TKA (1-
3).While the TEA is universally recognized as a pri-
mary reference for femoral rotational alignment (9-
11), there is no consensus as regards tibial rotational
alignment. In fact, many different anatomical land-
marks have previously been suggested as the best refe-
rences for tibial component rotational alignment in
TKA (4-6, 8).
Many surgeons prefer a single point as a reference.
Incavo et al. (12) suggested aligning the mid-axis line
of the tibial tray with a point close to the medial third
of the patellar tendon. Lützner et al. (13) showed bet-
ter femorotibial rotational alignment when using the
medial third of the tibial tubercle as a landmark.
Barrack et al. (14) suggested using the most prominent
point of the tibial tubercle for correct tibial compo-
nent alignment. Unfortunately, Cobb et al. (15), in a
cadaveric study, found a very large variation in the
position of the center of the tibial tubercle between the
knees studied. Ikeuchi et al. (6) indicated the medial
border of the attachment of the patellar tendon as the
best landmark for tibial rotational positioning.

Fig. 6. Tibial baseplate tracing (Nexgen Total Knee System, Zimmer,
Warsaw, USA) superimposed on the MRI matching the anterior tibial
cortex with the anterior surface of the baseplate. The posteromedial
corner is not covered: this is an indirect sign of sufficient external
rotation of the tibial component.
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Recently, Rossi et al.(16), in a cadaveric study, valida-
ted the posterolateral tibial corner as a reliable referen-
ce point: the identification of this point requires com-
plete exposure of the tibial plateau, which is difficult
to obtain in many knees.
Other studies have suggested the use of an axis or a
sagittal plane in place of a single-point landmark for
correct rotational alignment. Akagi et al. (8) described
a line perpendicular to the projected femoral TEA,
starting at the medial third of the tibial tubercle and
directed towards the middle of the tibial insertion of
the posterior cruciate ligament. Dalury (17) proposed
using a line starting from the mid-point between the
tibial spines and passing 1 mm medially to the medial
border of the tibial tubercle. Luo (18) proposed using
a line lying perpendicular to the posterior joint surfa-
ce and passing through the medial third of the tibial
tubercle. Unfortunately, many sagittal axes are not
easily and reliably identifiable during surgery. Graw et
al. (19) showed high variability of several sagittal axes
in relation to different tibial resection levels. Na ga -
mine et al. (20) demonstrated that a sagittal anteropo-
sterior axis was less reliable than the PCA for use in
alignment in TKA. 
Some surgeons, including Incavo et al. (21) and
Westrich et al. (22), prefer the use of an asymmetrical
component, maximizing tibial cover in order to provi-
de the best stability and load transfer in TKA. In our
experience, tibial cover itself is not sufficient to gua-
rantee a satisfactory tibial rotational alignment.
Pagnano et al. (23) demonstrated that rotational mala-
lignment in TKA is not correctable by the use of a
mobile-bearing option. 
Siston et al. (24) affirmed that neither the axis techni-
que nor the single-point reference technique establish
a correct tibial rotational alignment, and suggested,
instead, the use of computer-assisted techniques for
correct rotational alignment in TKA.
Eckhoff et al. (25) suggested using the ROM techni-
que instead of anatomical landmarks for correct com-
ponent alignment in TKA. They put the knee through
a full range of flexion and extension, allowing the
tibial tray to find its own best position in relation to
the femoral component. The ROM technique is
highly dependent on the rotational orientation of the
femoral component and the soft tissue balancing;

many authors (6, 26, 27) did not suggest this techni-
que because of the risk of positioning the tibial com-
ponent with excessive internal rotation.
The present study showed that the anterior tibial cor-
tex is a reliable and easily identifiable landmark for
correct tibial component positioning. It allows sati-
sfactory parallelism between the mediolateral axis of
the tibial component and the epicondylar axis. This
technique also makes it possible to determine the cor-
rect rotational alignment of the prosthetic compo-
nents with respect to the extensor mechanism, avoi-
ding many complications related to the patellofemoral
joint (28). The occurrence of patellofemoral complica-
tions after TKA is still the most frequently reported
cause of pain and the most frequently reported reason
for revision surgery (2).
Our study has several limitations. It failed to establish
whether there is an overall optimal orientation of the
tibial component during TKA. However, it provides a
reproducible method for correct rotational alignment of
the tibial component. In this study, we used a symme-
trical tibial baseplate tracing. It is possible that the use
of an anteriorly asymmetrical tracing might lead to
excessive internal rotation of the component, if the
“curve-on-curve” technique is chosen intraoperatively.
The use of an MRI scan as a preoperative planning tool
may be questionable. However, we believe that MRI-
based preoperative measurements overcome intraopera-
tive limitations while accounting for the individual ana-
tomy of each patient, thus helping to optimize compo-
nent rotation. Finally, the results of our study may not
apply to the severely deformed knee. We purposely stu-
died knees without any major malalignment. We hypo-
thesize that the use of tibial component alignment fol-
lowing an anterior tibial surface without major
osteoarthritic deformity might be appropriate for defor-
med knees too. Patel et al. (29) showed that the degree
of preoperative osteoarthritic deformity did not influen-
ce the use of the TEA as a reliable rotational landmark
in TKA. Rotational malalignment of components may
cause chronic pain or early failure in TKA. Our study
showed that the anterior tibial cortex is an easily identi-
fiable and reliable landmark for correct rotational align-
ment of the tibial component when compared with
Akagi’s line and the medial third of the tibial tubercle.
In fact, tibial component alignment along the anterior
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cortex guaranteed full matching ± 3° with the TEA in
75% of the cases, with minor errors in external rotation. 
In conclusion, the anterior tibial surface curvature was
found to be a more reliable and more easily identifia-
ble landmark for correct tibial component alignment
than either Akagi’s line or the medial third of the tibial
tubercle. 
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