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Using the anatomical tibial axis for total knee arthroplasty
alignment may lead to an internal rotation error
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Abstract
Introduction Despite intensive research, current total knee
arthroplasty (TKA) designs do not always provide the correct
kinematics for the native joint and thus further optimisation is
necessary. Several studies support the importance of
malrotation of the tibial components in the failure of TKA.
We hypothesise that using the anatomical tibial axis (ATA) to
align tibial component rotation on the resected tibial surface
may lead to an internal rotation error due to relative anterior
shift of the lateral articular surface centre compared to the
medial one. The aim of this study was to compare the anatom-
ical tibial axis of the physiological tibial joint surface to the
resected one.
Method Twenty formalin-fixed cadaveric knees were obtain-
ed for study. After computed tomography scanning the data of
each specimen were entered into a standardised coordinate
system and virtual bone cuts were performed with 6, 8 and
10 mm resection depths. The positions of the articular surface
centres were determined at each resection depth.
Results The lateral articular surface centre had moved anteri-
orly after the resection by a mean 1.475 mm, while the medial
one had not changed significantly. Resecting the tibia at a 6-
mm cut and using the transverse tibial axis to align the pros-
thetic tibial plateau will result in a mean 4.0° (95% confidence

interval, 2.5-5.5°) of internal rotation compared to the uncut
tibia.
Discussion The ATA lies in 6 degrees of external rotation
compared to the perpendicular to the posterior tibial condylar
axis (PTCA). Graw et al. suggest aligning the tibial compo-
nent in 10 degrees of external rotation to the latter. Thus, if we
accept the above suggestion, the ATA is 4 degrees internally
rotated compared to the same line on the resected proximal
tibia. These prior studies appear to be in accordance with our
findings.
Conclusions We conclude that using the ATA on the resected
tibial surface may contribute to an internal rotation error.
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Abbreviations
ATA Anatomical tibial axis
FFC Flexion facet centre
PTCA Posterior tibial condylar axis
TKA Total knee arthroplasty
TRP Tibial reference points

Introduction

Physical function, pain and vitality improve significantly after
total knee arthroplasty (TKA); however, unlike total hip re-
placements, these symptoms in the mid term often remain
worse compared with age-matched healthy controls [1, 2].

In the case of TKA, a significant proportion of patients are
dissatisfied with the outcome of surgery [3]. These findings
are supported by specific patient reported outcome measures
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designed for patients with knee pathologies [4]. One of the
possible explanations lies within the complexity of the kine-
matics of the knee joint. Despite intensive research, current
TKA designs do not provide the kinematics of the native joint
and thus further optimisation is needed, such as the improve-
ment of the alignment of implant components [5, 6].

Between 1990 and 2002, 8.2 % of all knee arthroplasty
operations in the USAwere revision procedures [7]. The pro-
portion of revision surgery due to malalignment lies between
2.9 % [8] and 11.8 % [9].

Malalignment is one of the most frequent reasons for revi-
sion, ranking fifth after aseptic loosening, pain, infection and
instability also according to the 11th annual report of 2014 of
the National Joint Registry of England and Wales.

Of note is that malalignment is responsible for implant
wear, instability and unexplained pain in some cases, which
may result in under-reporting of this category. Other studies
support the importance ofmalrotation of the tibial components
in the failure of TKA [8, 10, 11].

Stiff knees after TKA have been assessed for malrotation of
any of the components and tibial component internal rotation
was found to be significantly more frequently associated with
this condition [12].

Also the patellofemoral kinematics may be severely dis-
turbed by internal malrotation of the tibial component [13].

Internal rotational malpositioning is far more frequent and
shows a significantly bigger range compared with an external
rotation error [12, 14].

Both femoral and tibial component malposition are respon-
sible for malalignment and often a combined error can be
found. With the measured resection technique, anatomical
landmarks guide the surgeon planning the bone cuts [15].
The difficulty of this technique is to precisely identify these
landmarks [16, 17].

Malalignment of the femoral component may result in flex-
ion gap disbalance and—more importantly—patellofemoral
maltracking.

When a measured resection technique is used, the surgeon
relies on several anatomical landmarks when referencing the
rotation of the femoral component.

The sulcus line of the trochlear groove, the Whiteside
line [18], the surgical epicondylar axis [19] and the posterior
condylar axis with a higher variability are used.

Also, in the case of the tibial component rotation, several
anatomical landmarks have been proposed and yet none of
them have been recognised as the ultimate reference [10,
20]. The medial edge of the tibial tuberosity [21–25] has been
shown to be less reliable than the medial third of the tibial
tuberosity [22, 23, 26]. Siston et al. [23] found that using the
medial edge and the posterior cruciate attachment as reference
causes internal rotation of the tibial component.

The posterior tibial condylar line [20, 24, 26, 27], the trans-
verse axis of the tibia, the patellar tendon [20, 27–29], the

malleolar axis [20, 22, 24, 27, 29], sulcus of the intercondylar
eminences [22] and the second metatarsal [23] have all been
described as anatomical landmarks for correct tibial compo-
nent rotation.

The important question is: which factors contribute to tibial
component malrotation?

The rotational alignment of the tibial component is deter-
mined on the resected tibial surface by eyeballing the surface
landmarks and the contour of the medial and lateral tibial
condyles.

If the surgeon is following the principle of best fit and
coverage of the resected bone surface, then he or she would
place the tibial component symmetrically between the anterior
and posterior condylar margins on the medial tibial plateau. In
this study, we deliver an explanation for an internal rotation
error introduced by this technique.

We postulate that using the anatomical tibial axis (ATA) to
align tibial component rotation on the resected tibial surface
may lead to an internal rotation error due to the anterior shift of
the lateral articular surface centre compared to the medial one
at the level of resection.

Materials and methods

To prove this hypothesis, we determined the medial and lateral
articular surface centres of the resected tibia and compared
them with the unresected proximal articular surfaces using a
computed tomography (CT)-based coordinate system.

The research adhered to the tenets of the Declaration of
Helsinki. After approval by the Ethics Commission Beider
Basel (EKBB) of Switzerland 20 (11 left and 9 right with a
mixture of male and female) formalin-fixed knee joint speci-
mens from a university-level anatomy course were investigat-
ed. The mean age of the donors was 84.8 years (±10.8 years),
the mean body weight was 63.4 kg (±15.2 kg) and the mean
body height was 162.6 cm (±11.2 cm). Specimens were from
four male and eight female donors. Tibiae with significant
osteoarthritis were excluded.

Imaging was performed with a helical GE Lightspeed 16
row CT scanner (General Electric Healthcare Corporation,
Waukesha, WI, USA): 120 kV, slice thickness 0.625 mm,
voxel depth 0.5 mm, voxel height 0.283203 mm and voxel
width 0.283203 mm.

Adjustment of data using a standardised coordinate system
was as described by Kaech and Müller-Gerbl [30].

The DICOM (Digital Imaging and Communications in
Medicine, Rosslyn, VA, USA) data were analysed using the
visualisation software VGStudio Max 2.1.1 (Volume
Graphics, Heidelberg, Germany), which allows high-
precision measurements by means of a CT-based coordinate
measurement technology [31].
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The data from the knee specimens were imported into a
standardised coordinate system, which was based on the re-
ports of Grood et al. [32] and McPherson et al. [33].

Two-dimensional reconstructions of the data sets in the
sagittal, frontal, and transverse planes as well as a three-
dimensional reconstruction of the entire data volume per knee
and axis were selected for monitor display.

The transverse flexion-axis was determined by measuring
movements of the flexion facet centre (FFC) on the posterior
femoral condyle. In the sagittal plane, tibial reference points
(TRP) were determined [22]. The TRP is the intersection be-
tween the three spatial axes at the most distal edge of the
posterior tibia. The FFC and TRP span the frontal plane.
The coordinate system could be established from the frontal
plane (primary reference), the axis through the FFC (second-
ary reference) and the TRP as the origin (tertiary reference).

After setting up the co-ordinate system, the tibia was iso-
lated by defining it as region of interest (ROI) in order to
achieve a free perspective on the uncut proximal tibial joint
surface.

Virtual bone resection and measurement

Medial and lateral articular surface centres of the uncut and
resected tibia were determined by calculating the root-mean-
square of the error for the best-fit circle [34] (Figs. 1 and 2).

Virtual bone resections were performed according to the
descriptions of Cheng et al. [35].

Resection of the tibia was carried out 6, 8 and 10 mm distal
to the deepest point of the medial tibial plateau parallel to the
Bhorizontal plane^ (Fig. 3).

The 6-mm cut corresponds to the level of the surgical tibial
resection in an arthritic varus malaligned knee. This
tibial cut was defined as the 0° slope plane according
to the standardised coordinate system.

In order to see how much internal rotation this will resulted
in, we calculated the difference of coordinates in the sagittal
plane by subtraction of the 6 mm cut data from the physiolog-
ical ones (y). Using the distance of the articular surface centres
in the frontal plane of the 6-mm cut (x), we then calculated the
inverse tangent of y/x to get the degree of internal rotation in
each of the 20 cases. The mean, standard deviation and 95 %
confidence interval (CI) were calculated.

Statistical methods

Data of three different section planes (6, 8 and 10 mm) plus
the physiological tibia surface were taken for each knee.

In each case, circles with the above-mentioned method [34]
were fitted to the medial and lateral tibial condyle and the
radius and coordinates were assessed. The mean and standard
deviation of these data were calculated. The results of the cut
surfaces in three planes were compared to those of the uncut

Fig. 1 Physiological proximal tibial joint surface with articular surface
centres

Fig. 2 Resected proximal tibia surface at 6 mm below the deepest point
of the medial articular surface centre of a non-arthritic knee

Fig. 3 Resection depths at 6, 8 and 10 mm below the deepest point of the
medial articular surface centre
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tibia and the calculation was made using JMP Software (SAS
Institute, Cary, NC, USA). The datasets were checked for
normal distribution. Since our data were not normally distrib-
uted, Wilcoxon signed-rank test has been applied to show
significance. Statistical significance was set at a P value≤
0.05.

Results

The mean lateral articular surface centre of the resected tibia
was significantly more anterior than that of the physiological
tibial surface (P<0.0001) (Figs. 4 and 5). The lateral articular
surface centre moved anteriorly by the resection, while the
medial one did not change significantly, resulting in a relative
shift of a mean 1.475 mm.

The biggest change has been found between the physiolog-
ical and the 6-mm cut. Further cuts at 8 and 10 mm show
further anterior shift of the lateral articular surface centre;
however this was not significant.

We calculated the extent of internal rotation error intro-
duced by the relative shift of the articular surface centres.
Using the 6 mm cut and using the transverse tibial axis to align
the prosthetic tibial plateau will result in a mean 4.0° (95%CI,
2.5-5.5°) of internal rotation compared with the uncut tibia.

Discussion

Patients with anterior knee pain compared with those with
painless TKAs have 6.2° versus 0.4° of tibial internal rotation
[13].

Since posterior motion of the femoral condyle on the tibial
articular surface dominantly occurs on the lateral side, internal
rotation of the tibial component does change tibio-femoral
kinematics by limiting rollback, especially with more
conforming inlay designs, thus potentially limiting flexion
[12, 36].

These facts raise the question as to which landmarks to use
in order to properly position the tibial component.

Using the contours of the medial and lateral tibial condyles,
the centres of each condyle can be determined. Connecting
these points represents the anatomical tibial axis [34], which
may well influence the intra-operative decision in finalising
the rotation of the tibial component.

If the surgeon uses a symmetrical tibial component and
attempts to avoid posterolateral overhang and impingement
of the popliteal tendon, the size of the tibial component should
be chosen to fit the lateral condyle in the sagittal plane.

At the same time, the larger AP diameter of the medial
condyle allows more freedom to set the final position of the
component, and if the surgeon chooses to place it symmetri-
cally between the anterior and posterior condylar margin,

Fig. 4 Position of the articular
surface centres in the sagittal
plane (y-coordinates in
millimetres) depending on the
height of tibial resection. Positive
anterior y-axis direction

Fig. 5 Relative anterior shift of
the position (y-coordinates in
millimetres) of the articular
surface centres in the sagittal
plane compared to the
physiological joint surface
depending on the level of
resection. Positive anterior y-axis
direction. Significant shift of the
lateral versus medial articular
surface centres (P<0.0001)
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matching the medial articular surface centre, then the prosthet-
ic tibial plateau will be placed in an internally rotated position
in the horizontal plane.

In our study, we postulated that the line connecting the
articular surface centres of the resected tibia is more internally
rotated than that of the unresected tibia.

We found a significant anterior shift of the lateral articular
surface centre versus the medial one at a resection depth ap-
plied in TKA.

The lateral articular surface centre moves anteriorly by the
resection, while the medial one does not change significantly,
resulting in a relative shift of a mean 1.5 mm.

We found the internal rotation error introduced by the ar-
ticular surface centres of the resected tibia at a mean 4.0°
(95 % CI, 2.5-5.5°) compared with the uncut tibia.

Cobb et al. [34] described a method to reliably determine
the rotation of the proximal tibia based on the centres of the
unresected lateral and the virtually resected medial tibial pla-
teaus—in order to gain a circular cortical contour—20 mm
below tibial spine level.

Cobb et al. named the axis connecting these points the
anatomical tibial axis (ATA), which shows a mean intra- and
inter-observer variability of, respectively, 1.44° and 1.66°.

From a previous study, we know that the medial condylar
centre of the normal tibia lies significantly more anterior than
its lateral counterpart, supporting the studies of Cobb et al.
[34].

Since we found that the medial articular surface centre,
unlike the lateral one, does not significantly shift anteriorly
with resection, we may conclude that the ATA on the resected
tibial surface tends to internal rotation. In the same paper,
Cobb et al. [34] compared the newly determined ATA to per-
pendicular to the posterior tibial condylar axis (PTCA) and
found that latter is 6 degrees internally rotated. The PTCA
has been found the most consistent landmark at different
levels of resection of the tibia and the authors suggest 10
degrees of external rotation to the line perpendicular to it as
the ideal component rotation [26]. How the authors elaborated
the 10 degrees of external rotation is not described; however,
if we accept that, this means that Cobb et al.’s proposed axis
(ATA)—which is based on condylar contours and derived
condylar centres—would be 4 degrees in internal rotation.

Thus our study confirms these calculations.
Rotating platform designs can theoretically compensate for

malrotation of the tibial component, on the other hand, they
may lead to increased rotational instability [37]. External ro-
tation laxity has been shown to be predominant in these cases.

Zhao et al. [38] examined the external rotation of the fem-
oral component in the setting of dynamic implant orientation
and found a mean 5.7 degrees of external rotation to be nec-
essary in contrast to the conventionally applied three degrees.
The effects on tibial component rotational alignment have not
been examined, but these findings suggest that an increased

external rotation on the tibial implant may be beneficial. In
another study, less than 2 degrees of external rotation of the
tibial component was found to be a risk factor for reduced
component survival in TKA [39].

Reproducing exact degrees of component rotation appears
to be difficult. New systems, such as portable navigation sys-
tems, aim to minimise invasiveness and amount of material
used in older navigation systems [40]. However, little atten-
tion has been given to tibial rotation when navigation was
applied. The pinless navigation described by Maderbacher at
al. [41], taking the Akagi-line [29] as a reference, may repre-
sent a good approach, but we think that further comparative
anatomical studies are required to correlate it with the PTCA.

In order to compensate for the internal rotation shift with
tibial resection, as has been shown in this study, we propose
referencing the posterior condylar axis and then adding 10
degrees of external rotation, as the latter is a constant land-
mark independent of resection depth [26]. In this case, how-
ever, a posteriorly uncovered area of the medial tibial condyle
should be seen with symmetric implants.

The difficulty of how to avoid posterolateral overhang and
internal rotation, and yet gain maximum coverage with a sym-
metrical tibial component, led to the development of asym-
metric implants [42].

Furthermore, we suggest that designs be produced with a
more posterior lateral contact area representing the physiolog-
ical articular surface centre in order to avoid internal rotation
errors.
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