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Abstract

Purpose The objective of this study was to quantify the
amount of ensuing internal rotation of the tibial component
when positioned along the medial border of the tibial tuber-
cle, thus establishing a reproducible intraoperative refer-
ence for tibial component rotational alignment during total
knee arthroplasty (TKA).

Methods The angle formed from the tibial geometric
centre to the intersection of both lines from the middle of
the tibial tuberosity and its medial border was measured
in 50 patients. The geometric centre was determined on an
axial CT slice at 10 mm below the lateral tibial plateau and
transposed to a slice at the level of the most prominent part
of the tibial tuberosity. Similar measurements were taken
in 25 patients after TKA, in order to simulate the intraop-
erative appearance of the tibia after making its proximal
resection.

Results  This angle was found to be similar (n.s.) in nor-
mal and post-TKA tibiae [median 20.4° (range 15°-24°)
vs. 20.7° (range 16°-25°), respectively]. In 89.3 % of the
patients, the angle ranged from 17° to 24°. No statistical
difference (p n.s.) was found between women and men in
both normal [median —20.7° (range 16°-25°) vs. 19.9°
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(range 15°-24°)] and post-TKA tibiae [median 21.4°
(range 19°-24°) vs. 20° (range 16°-25°)].

Conclusion This study found that in 90 % of the patients,
the medial border of the tibial tuberosity is internally
rotated 17°-24° in relation to the line connecting the mid-
dle of the tuberosity to the tibial geometric centre. Since
this anatomical landmark may be more easily identifiable
intraoperatively than the commonly used “medial 1/3”, it
can provide a better quantitative reference point and help
surgeons achieve a more accurate tibial implant rotational
position.

Level of evidence
Level III.

Cohort and case control studies,

Keywords Tibial component - Internal rotation angle -
Reference point - Total knee arthroplasty

Introduction

Long-term clinical success of total knee arthroplasty (TKA)
has been reported in the literature with expected ten-year
survivorship surpassing 95 % [13]. Unfortunately, a small
percentage of patients might still experience clinical failure
due to continued knee pain and impaired physical function
[13, 29]. Component malrotation refers to alignment of the
femoral component in relation to the femoral epicondylar
axis, and to the alignment of the tibial base plate relative to
the tibial tuberosity. TKA component malrotation has been
previously recognized as a possible cause of early onset
knee pain, subsequent patient dissatisfaction, and treatment
failure following TKA [6, 10, 12, 15, 17, 22].

Tibial base plate alignment is a key component for suc-
cessful outcomes after TKA, as consequences of malrota-
tion may include patella maltracking [1, 4, 30, 39], flexion
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and mid-flexion instability [4], synovial and soft tissue
impingement, accelerated wear of ultra-high molecular
weight polyethylene [23, 30, 42], knee stiffness [35], and
abnormal gait patterns [41]. Contrary to the femoral com-
ponent, which can be verified by various anatomical land-
marks such as: the surgical transepicondylar axis or the
anterior-posterior line (Whiteside line), the tibial rotational
alignment is difficult to readily determine intraoperatively
[5, 25, 26, 28, 44].

Current published data support that the tibial component
in TKA should be placed in internal rotation not exceeding
18°, in relation to the line connecting the geometrical cen-
tre of the proximal tibia and the middle of the tibial tuber-
osity [6]. Both of these landmarks are difficult to identify
intraoperatively. Furthermore, an angle of 18°, from the
above line, is practically impossible to assess intraopera-
tively. Thus, several anatomical references have been sug-
gested to assist in establishing the tibial base plate rotation
such as the medial 1/3 of the tibial tuberosity [18], a per-
pendicular line from the posterior tibial condylar line [27],
the mid-sulcus of the tibial spine [9, 33], the transcondylar
line of the tibia [11, 45], intermalleolar axis of the ankle,
and the axis of the second metatarsal bone [21].

The primary objective of this study was to quantify the
amount of the ensuing internal rotation of the tibial com-
ponent when positioned along the most medial border of
the tibial tuberosity. The secondary objective of this study
was to examine whether there were any differences in this
measurement between genders, since several studies indi-
cated that there were significant differences between males
and females in relation to the shape distribution of the
proximal tibial plateau morphology [24, 43].

In contrast to the previous described landmarks that are
either inaccurate or not easily assessed intraoperatively at
the time of tibial component insertion, the medial border
of the tibial tuberosity can be readily identified through out
surgery.

The hypothesis was that this anatomical landmark can
be used as an auxiliary tool for intraoperative tibial com-
ponent rotational alignment during TKA for both men and
women.

Materials and methods

The control cohort included 25 consecutive knee computer
tomography (CT) studies of asymptomatic patients 2 years
following an uneventful TKA. None of these patients had
any complaints of patellofemoral pain, instability, or swell-
ing. The average arc of motion in this cohort was 113°. The
cohort included 9 males and 16 females, with an average
age of 70 years (range 49—83 years) with preoperative varus
malalignment due to primary osteoarthritis. All TKAs were

performed by the same surgeon (DB) using the measured
resection technique, resecting 10 mm from the tibia below
the lateral joint line. All implants were posterior sacrificing
fixed bearing with a patellar resurfacing, cemented TKA
design (Zimmer, Nexgen, Warsaw, Indiana, USA).

The study group consisted of 50 consecutive non-oper-
ated native knee computer tomography (CT) studies from
our database. The CT studies were performed as part of
an investigation of suspected femoral pathologies such as
distal femoral bone cysts, osteochondral defects, ligamen-
tous injuries, and femoral fractures. There were 21 males
and 29 females with an average age of 55.3 years (range
19-86 years). Our musculoskeletal radiologist confirmed
that all patients in the control group had a normal tibial
anatomy, which enabled adequate measurement of the tib-
ial anatomical landmarks.

The asymptomatic post-TKA cohort (control group) was
used in order to validate the reliability of the medial bor-
der of the tibial tuberosity as a reliable landmark in arthritic
patients, who may theoretically present with different tibial
anatomy than present in normal individuals.

Radiographic analysis

In order to accurately quantify the ensuing internal rota-
tion of the tibial component, if we aligned the base plate
according to the medial border of the tibial tuberosity, we
examined the angle created between the lines drawn from
the medial border of the tibial tuberosity to the geometric
tibial centre, and from the middle of the tibial tuberosity to
the geometric tibial centre.

This angle was determined as the tibial component inter-
nal rotation angle (TCIRA).

The hypothesis was that the TCIRA will be less than
18°.

In the non-operated group, the measurements were taken
at a level of 10 mm below the lateral joint line, mimick-
ing a TKA proximal tibia measured resection technique as
described in the CT image analysis section.

In the operated group, the measurements were taken just
below the tibial base plate.

These radiographic measurements were taken using an
eFilm (Merge Healthcare Headquarters, Chicago, Illinois,
USA) program, which is routinely used at our institution.

CT image analysis

1. An axial section parallel to the lateral tibial plateau and
placed 10 mm distal to it was created, using an multi-
planar reformatting (MPR) reformat. This radiographic
modality of the eFilm workstation (Merge Healthcare
Headquarters, Chicago, Illinois, USA) allows for accu-
rately passing a plane through a radiographic data set.
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Fig. 1 Computed tomography
images of the measurement
technique used. a A sagittal
view showing the position

10 mm distal to the lateral tibial
plateau where the axial CT sec-
tion was taken for measurement.
b The axial section acquired
from the sagittal measurement
that was used for measure-
ments of the MPR reformat for
accurate alignment was used for
analysis

Fig. 2 An axial CT image
showing the geometric centre
of the tibial plateau (E). The
geometric centre of the tibial
plateau was found using the
“Rhombus” method

Thus, it is possible to view and accurately manipulate
the image along a different axis than that of the origi-
nal images (Fig. 1a, b).

2. The geometric centre of the tibial plateau at that level
which reflects the level of tibial resection during TKA
was found using the rectangle (“Rhombus”) method

(Fig. 2):

The four vertexes of the rectangle were connected
with two diagonals, and their intersection was deter-
mined as the geometric centre (point E).

A right click was set on both diagonals, and “copy to
all images” was performed allowing fixing the geo-
metric centre to all images.

On the axial section of the tibial plateau 10 mm
below the lateral joint surface, a line connecting the
posterior tibial condyles was drawn (line AB).

The line was right-clicked, copied, and dragged into
its most anterior tibial point (line CD).
Perpendicular lines to the line AB (a line connecting
the posterior tibial condyles) were drawn tangent to
the most lateral and medial tibial boarders (lines AD,
and BC).

@ Springer

3. Determining the angle between the line from the tibial
geometric centre and the tip of tibial tuberosity and the
line from the tibial geometric centre and the medial
border of the tibial tuberosity (Fig. 3):

e The fixed geometric centre was moved further dis-
tally to the level of the most prominent point of the
tibial tuberosity distal to the insertion of the patellar
tendon (point A).
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Fig. 3 A CT axial image
showing the method used to
determine the angle (angle A)
between the tibial geometric
centre and the medial border of
the tibial tuberosity (AC) and
the tibial geometric centre and
the middle of the tibial tuberos-
ity (AB)

e A line (line AB) connecting the tibial geometric cen-
tre (point A) with the most prominent point of the tip
of the tuberosity (point B) was drawn.

e A line was drawn between the tibial geometric centre
(point A) and the medial border of the tibial tuberos-
ity, right at the point where the tibial cortex starts to
become denser (point A).

e The angle (angle BAC) between these two lines was
measured and recorded. This angle was determined as
the tibial component internal rotation angle (TCIRA).

All measurements were taken independently by an
orthopaedic surgeon (YK) and a musculoskeletal radiolo-
gist (US). These measurements were taken after performing
five pilot angle measurements (not included in the study)
together using the above-mentioned technique in order
to minimize inter-observer errors. The average TCIRA
between the measurement of the orthopaedic surgeon and
radiologist was recorded for each patient. The TCIRA
actually represented the amount of internal rotation of the
medial border of the tibial tuberosity compared to its tip.
The average between the measured TCIRAs of the ortho-
paedic surgeon and radiologist was recorded only if the
difference was 2° or less. In these 69 (92 %) knees, where
the measured TCIRAs were within a 2° difference between
observers, we recorded these measurements as an agreed
measurement for the interobserver analysis. However, in 6
out of the 75 cases (8 %) where the discrepancy in the TCI-
RAs was 3° or more, we recorded these measurements as
non-agreed measurements for the interobserver analysis. In
the non-agreed cases, a subsequent consensus measurement
was reached and recorded after reevaluating the measure-
ments by both observers together.

The study was approved by our institutional review
board (IRB) University of Toronto, Toronto, Canada, ID
approval number—REB 11-0209-C.

Statistical analysis

A chi test was used between the internal rotation of the
medial border of the tibial tuberosity angles of the control
group and study cohort. In addition, we compared the inter-
nal rotation angle between the men and women within the
subgroups. A set point of p = 0.05 was determined as sta-
tistically significant.

In order to analyse the interobserver correlation, the
Cohen Kappa interobserver coefficient was used, based on
the measurements mentioned previously in the materials
and methods section. Interobserver correlation coefficient
values were defined as follow: below 0.40 as poor, between
0.40 and 0.59 as fair, between 0.60 and 0.74 as good, and
over 0.74 as excellent [34].

Post hoc power analysis was performed on the control
and study group’s data. The power analysis indicated that
25 patients in each group will results in a power of 80 %.

Results

The TCIRA was found to be similar [non-significant (n.s.)]
in the non-operated (study) and operated (control, post-
TKA) tibias, with a median angle of 20.4° (range 15°-24°)
versus a median angle of 20.7° (range 16°-25°), respec-
tively. In 89.3 % of the patients, the TCIRA ranged from
17° to 24°.

No statistical difference (n.s.) was found between
women and men in both the non-operated control group
with a median of 20.7° (range 16°-25°) versus a median
of 19.9° (range 15°-24°), respectively, and the post-TKA
cohort tibias with a median of 21.4° (range 19°-24°) versus
a median of 20° (range 16°-25°), respectively.

There was an agreement between the radiologist and
orthopaedic surgeon within the 2° margin in 69 (92 %) of
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the 75 knees. The Cohen Kappa coefficient was 0.8 which
we considered as excellent. Consequently, the Cohen
Kappa interobserver coefficient was 0.8, which is consid-
ered as excellent [34].

Discussion

The most important finding of the present study was the
ability to use the medial border of the tibial tuberosity as
an intraoperative land mark during TKA surgery, surgeons
with an auxiliary tool that enabling further fine-tuning for
accurate tibial component rotational alignment.

Several anatomical references have been used in the
past to determine tibial base plate rotational position such
as: the medial 1/3 of the tibial tuberosity [18], the poste-
rior condylar line of the tibia [27], the mid-sulcus of the
tibial spine [9, 33], the transcondylar line of the tibia [11,
45], the intermalleolar axis of the ankle, and the axis of the
second metatarsal bone [21]. However, a previous publi-
cation reported that the medial 1/3 of the tibial tuberosity
might be too externally rotated in aligning the tibial com-
ponent in TKA [9, 37]. Moreover, the posterior condy-
lar line of the tibia, the mid-sulcus of the tibial spine, and
the transcondylar line of the tibia would be susceptible to
osteophyte formation and bone loss of the tibial articular
surface in patients with OA, thus making it harder to accu-
rately identify these anatomical landmarks intraoperatively
[27]. In addition, the intermalleolar axis of the ankle and
the axis of the second metatarsal bone would be suscepti-
ble to deformities and positioning of the ankle and foot. In
contrast, the AP axis shown by Akagi et al. [2, 3] would
not be influenced by articular deformity and would be per-
pendicular to the surgical epicondylar axis in both healthy
knees and osteoarthritic knees [20]. Yet, when reaching the
stage of tibial plateau preparation, during TKA, the Akagi
landmark is already absent, and if not reliably marked pre-
viously before the proximal tibial resection is completed it
cannot be used.

Consequently, tibial component rotational alignment
may not be as readily determined intraoperatively as the
femoral component rotation due to the lack of existing
landmarks at the actual time of tibial component prepara-
tion. Subsequently, excessive internal tibial rotation may
occur and lead to patella maltracking [1, 4, 7, 30, 39], flex-
ion and mid-flexion instability [4], synovial and soft tissue
impingement, accelerated wear of ultra-high molecular
weight polyethylene [23, 30, 42], knee stiffness [35], and
abnormal gait patterns [41]. The reason for this detrimen-
tal effect may be related to the increased biomechanical
forces induced by anteroposterior translations [36]. These
increased forces can be somewhat moderated by using
a rotating platform tibial base plate that can decrease the
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patellofemoral shear forces induced by femoral component
internal rotation in flexion [8, 40].

Berger et al. found that the tibial component in TKA
should be placed in internal rotation not exceeding 18°, in
relation to the line connecting the geometrical centre of the
proximal tibia and the middle of the tibial tuberosity [6].
However, both of these landmarks are difficult to identify
intraoperatively. Furthermore, an angle of 18° is practically
impossible to assess intraoperatively by eyeballing.

Based on this study, in 90 % of the patients, alignment
of the tibial component to the medial border of the tibial
tuberosity will place the tibial base plate in 17°-24° of
internal rotation in relation to the line connecting the geo-
metrical centre of the proximal tibia and the middle of the
tibial tuberosity. Consequently, the surgeon will need only
to “fine-tune” the tibial component rotation with ancillary
measures to overcome the possible resulting internal rota-
tion of 6°.

The data in this study indicate that this principle can
be applied similarly both in men and in women. The lack
of difference between the genders regarding the proximal
tibial morphology corresponds to the findings of Hartel
et al. [14] that found similar findings in a study analysing
237 proximal tibia MRI exams rather than the studies per-
formed in oriental population [24, 43].

After aseptic loosening and infection, the third most
common cause for TKA revision surgery is knee pain
(10 %), while the fourth cause is patellofemoral pain
(10 %). Data from the Australian Joint Registry suggest
that a significant group of patients as much as 20 % of
all revision TKA cases underwent revision TKA for non-
defined post-operative knee pain. TKA component malrota-
tion has previously been recognized as an early onset cause
for pain after primary TKA [6, 10, 12, 15, 17, 22] and may
be the reason for a substantial part of those 20 % revision
TKAs performed for non-defined post-operative knee pain
as component malrotation is not easily demonstrated by
plain radiographs [6, 19, 22, 38].

Component malrotation in TKA refers to the femoral
component position relative to the femoral epicondylar
axis, while tibial rotation refers to the position of the tibial
base plate relative to the tibial tuberosity. Subtle internal
rotation of the femoral and tibial components can only be
accurately measured using a CT scan [6, 19, 22, 38] and
may be difficult to determine intraoperatively without a
computer-assisted surgical navigation system or patient-
specific instrumentation, which have their own shortcom-
ings such as cost and surgical operating room time [31, 32].

The finding in this study shows that the medial border
of the tibial tuberosity as an intraoperative land mark will
result in a TCIRA of 17°-24° of internal rotation in 90 %
of the patients. These data can provide surgeons with an
auxiliary tool that allows supplementary fine-tuning for
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accurate tibial component rotational alignment. Howell
et al. [16] performed a virtual magnetic resonance image
of tibial anatomy. They found that the medial third of the
tibial tuberosity was too externally rotated for referencing
tibial component rotational alignment. Instead, they rec-
ommend to use the medial border of the tibial tuberosity
which is 0-6 mm from the AP axis, which actually corre-
sponds with our findings.

There are several limitations to this study. First, we eval-
uated a limited number of varus knees and as such our data
may not include the entire spectrum of patients. However,
the standard deviations of the measurements were all small
enough to use the internal rotation angle as the anterior
reference point in aligning the tibial component. Second,
the non-operative cohort lacks post-operative CT rotation
measurements of the tibial component and does not have
the entire clinical post-operative data in these patients. Yet,
this limitation is balanced by the control group (the oper-
ated patients) which shows that when the tibial component
was aligned along the medial border of the tibial tuberos-
ity the clinical outcome was favourable. The third limita-
tion regarding the data of the control (operated) group is
that the data are essentially limited to clinical data and do
not include gait analysis parameters. The fourth limita-
tion which could further enhance the validity of our find-
ings is the retrospective nature of this study. A better study
design would include a preoperative and post-operative CT
in patients undergoing TKA in order to better validate our
findings.

Conclusion

The current study provides knee surgeons with a cost-
effective quantitative reference point to assist them with
proper rotation of the tibial base plate intraoperatively.
The reported reference point of the TCIRA together with
routine intraoperative ancillary measurements may help
arthroplasty surgeons to better assess the rotation of the tib-
ial component and achieve proper positioning of the tibial
base plate. This may allow a lower rate of tibial component
outliers and possibly decrease the rate of patellar maltrack-
ing and revision TKA [5].
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