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The objective of the current study is to investigate the effect of
rotational alignment of the femoral and tibial components on
evaluation of outcomes using The 2011 KSS.

Materials and Methods

This study includes 75 Japanese patients (92 knees) after primary
posterior cruciate ligament-substituting (PS) TKA (NexGen LPS-Flex
Fixed Bearing Knee system, Zimmer, Warsaw, Ind, USA, which was
approved by the United States Food and Drug Administration) who
answered a questionnaire containing all patient-derived components
of The 2011 KSS, and who had full leg-length computed tomography
(CT) scans both preoperatively and postoperatively. Patients with
revision arthroplasties, patients bedridden for reasons other than
knee surgery, and those who underwent another surgical procedure
during the study period were preliminarily excluded. Preoperative
diagnosis was osteoarthritis in all patients. This study was approved
by the institutional review board. Informed consent for participation
was obtained from all patients.

Summary and evaluation of the questionnaire of The 2011 KSS

The subjective score of The 2011 KSS has three questions for
symptoms, five questions for satisfaction, three questions for
expectations and 18 questions for functional activities (including
five questions for walking and standing, six questions for standard
activities, five questions for advanced activities and two questions for
discretionary activities) [20,21], which can evaluate the postoperative
condition much more specifically than The 1989 Knee Society Clinical
Rating System [8]. Questionnaires containing all patient-derived
components of The 2011 KSS were sent to the patients’ home
addresses. They were answered at home, without physicians, and
were returned to our hospital. The minimum follow-up of all patients
was one year (mean, 3.9 years; range 1.1-8.6 years). No patients were
recalled specifically for this study.

All questions were scored according to values specified in The
2011 KSS and total scores in each category (symptoms, satisfaction,
expectations and functional activities) were calculated. In the
category of functional activities, answers about discretionary activi-
ties were completed only in 35 knees (52.2%). Therefore, the total

Fig. 1. Rotational alignment of the femoral component was assessed by measuring the
angle between the SEA (white line) and the line joining the posterior margins of the
femoral component (black line).

Fig. 2. Rotational alignment of the tibial component was assessed by measuring the
angle between the AP axis of the tibia described by Akagi et al (white line) and the AP
axis of the tibial component (black line).

score for functional activities was calculated excluding the score for
discretionary activities in this study. In functional activities, three
detailed items (walking and standing, standard activities and
advanced activities) were also calculated.

Scanning procedure for CT images and measurement of the alignment of
femoral and tibial components

The patients were placed in the supine position on the table and
the affected knee was naturally extended without any feeling of
internal or external rotation. Transverse CT scans were taken at levels
ranging from the hip joint to the ankle joint at 2-mm intervals both
preoperatively and postoperatively. CT images were acquired as
DICOM data from the CT system server. A three-dimensional (3D)
image of the lower extremity was reconstructed on the computer
using the program 3D template (version 02.02.02, Japan Medical
Matls. Corp., Osaka, Japan).

Fig. 3. The patellar component-tilting angle was defined as the angle between a line
from the anterior limits of the femoral condyles (white solid line) and a line drawn
through the patellar prosthesis-bone interface (white broken line). The patellar bone-
tilting angle was defined as the angle between a line from the anterior limits of the
femoral condyles (white solid line) and a line drawn from the posterior limits of the
articular surfaces of the medial and lateral facets of the patella (black line).
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Patient Details of Groups Classified Based on the Rotational Alignments of the Femoral and Tibial Component.

Femoral Component Rotation

Tibial Component Rotation

FCER (n = 4) FcNR (n=51) FclR(n=12) Significance TcER(n=18) TcNR(n=36) TcIR(n= 13) Significance
Rotational alignment 3.8°+£07° 04° £+ 1.4° 37 £07° 8.8° +3.5° 06" £ 2.7° 89° 4+ 26"
external rotation internal rotation internal rotation external rotation internal rotation internal rotation
Age (yr) 74.8° £ 22 75.1 + 63 76.8 + 7.1 n.s 749 + 5.6 752 + 7.2 764 + 4.5 ns
BMI 25.8° £ 56 25.1 £ 2.6 275 £ 40 n.s 254 + 3.2 258 £ 35 253+ 19 n.s
Hip-Knee-Ankle (HKA) angle 01° £21° 0.8° + 1.7° 03° 4+ 1.4° n.s 0.8° 4+ 1.4° 0.6° + 1.8° 0.6° + 1.7° n.s
valgus varus varus varus varus varus
Postoperative ROM 11757 & 50 120.7° + 17.0° 115.8° + 194° n.s 1203° & 22.5° 119.2° £ 15.0°  120.0° + 14.0° ns

n.s; not significant.

First, postoperative hip-—knee-ankle (HKA) angle was measured
on CT images. As the postoperative varus alignment could negatively
affect some categories of The 2011 KSS [22], patients with
postoperative coronal malalignment more than 3° were excluded
from this study [32]. Finally, 58 patients (67 knees) were included in
this study.

Second, postoperative rotational alignments of femoral and tibial
components were measured. On the femoral side, the rotational axis
was defined as the surgical epicondylar axis (SEA), which was the line
connecting the tip of the lateral epicondyle to the medial epicondylar
sulcus [33,34]. In 13 knees, the medial epicondylar sulcus could not be
recognized on CT scans. In these subjects, the clinical epicondylar axis
(CEA) connecting the most prominent point of the medial epicondyle
and the lateral epicondyle was identified, and the SEA assumed as a
line rotating the CEA internally by 3° [35,36]. Rotational alignment of
the femoral component (Fc) was assessed by measuring the angle
between the SEA and the line joining the posterior margins of the
femoral component (Fig. 1). All patients were classified into three
groups based on rotational malalignment of 3°; normal rotation (Fc
NR), external rotation (Fc ER) and internal rotation (Fc IR) [37]. On the
tibial side, the rotational axis was defined as the anteroposterior (AP)
axis of the tibia described by Akagi et al, which was the line
connecting the middle of the PCL at the tibial attachment to the
medial border of the patellar tendon at the attachment level [38,39].
As the middle of the PCL at the tibial attachment could not be
identified on the postoperative CT, the AP axis of the tibia was
identified on the preoperative CT and projected accurately to the
postoperative CT. Rotational alignment of the tibial component (Tc)
was assessed by measuring the angle between the AP axis of the tibia
and the AP axis of the tibial component (Fig. 2). Barrack et al described
that there was a highly significant difference in tibial component
rotation between the two groups with the patients with anterior knee
pain averaging 6.2° internal rotation compared with 0.4° external
rotation in the control group [40]. Therefore, all patients were
classified into three groups based on rotational malalignment of 5°;
normal rotation (Tc NR), external rotation (Tc ER) and internal
rotation (Tc IR). All the angles were measured in the computer
program 3D template and the program allowed one decimal. Whether
the rotational malalignment of each component affects each category
of The 2011 KSS was identified.

Table 2

Measurement of the postoperative PF alignment

The PF joints were evaluated in skyline view radiographs taken
with the knees at approximately 60° of flexion [41]. Postoperative PF
alignment was evaluated at final follow-up measuring the patellar
component-tilting angle and the patellar bone-tilting angle (Fig. 3)
[42,43]. The patellar component-tilting angle was defined as the angle
between a line from the anterior limits of the femoral condyles and a
line drawn through the patellar prosthesis-bone interface. The
patellar bone-tilting angle was defined as the angle between a line
from the anterior limits of the femoral condyles and a line drawn from
the posterior limits of the articular surfaces of the medial and lateral
facets of the patella. Whether the rotational malalignment of each
component affects postoperative PF alignment was identified.

Statistical analysis

All the measurement procedures were repeated three times at
least a week apart by one examiner (SK) for all patients and the
average of three measurements was adopted as the data. Preoperative
factors including age and BMI, postoperative factors including HKA
angle and ROM, and scores of each category of The 2011 KSS were
compared among the groups of femoral and tibial component
malrotation, respectively, using ANOVA with a Tukey-Kramer post
hoc test. JMP 9.0 (SAS Institute Inc, Cary, NC, USA) was used to analyze
the data. Significance was set at a P value of < 0.05.

To evaluate intraobserver and interobserver reproducibility, the
measurements were performed three times by one examiner (SK) and
once by two examiners (HN, SO) on 10 knees randomly selected from
the study group. The intraclass correlation coefficient and the
interclass correlation coefficient were 0.89 and 0.75 for measurement
of the femoral component rotational angle, 0.92 and 0.88 for
measurement of the tibial component rotational angle, 0.91 and
0.85 for measurement of the patellar component-tilting angle, and
0.90 and 0.81 for measurement of the patellar bone-tilting angle.

Results

The preoperative and postoperative parameters for each group are
shown in Table 1. None of them was significantly different.

Scores of Each Category of The 2011 KSS Between Groups Classified Based on the Rotational Alignments of the Femoral and Tibial Component.

Femoral Component Rotation

Tibial Component Rotation

FcER(n=4) FcNR(n=51) FcIR(n=12) Significance TcER(n = 18) TcNR(n=36) TcIR(n= 13) Significance
Symptoms (25) 170 £ 59 203 + 47 17.3 £ 57 ns 186 + 59 20.3 + 46 194 4+ 44 ns
Satisfaction (40) 21.0 £ 38 248 + 64 19.8 £ 5.6 n.s 219 + 51 255 4+ 6.7 21.1 £ 6.1 ns
Expectations (15) 87+25 108 £ 2.1 10.0 £33 ns 106 £ 2.7 104 + 21 113 £ 3.0 n.s
Functional activities (85) 45.0 + 17.2 524 + 17.7 36.7 +£ 13.0 NR > IR 50.8 £+ 16.0 495 4+ 198 483 4+ 149 n.s
(except discretionary activities) (P = 0.029)

n.s; not significant.
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Scores of Each Detail of Functional Activities (85) Between Groups Classified Based on the Rotational Alignments of the Femoral and Tibial Component.

Femoral Component Rotation

Tibial Component Rotation

FCER(n=4) FcNR(n=51) FcIR(n=12) Significance TcER(n=18) TcNR(n=36) TcIR(n= 13) Significance
Walking and standing (30) 188 + 79 204 + 9.7 16.6 + 8.9 n.s 194 £ 9.9 194 + 10.0 208 + 7.6 n.s
Standard activities (30) 203 £ 59 22.1 £ 54 16.1 £ 6.2 NR > IR 20.7 £ 6.3 214 £ 59 19.7 £ 6.1 n.s
(P = 0.004)
Advanced activities (25) 6.0 + 54 103 + 6.5 50437 NR > IR 10.8 + 4.9 9.1+73 6.8 + 4.7 n.s
(P = 0.028)

n.s; not significant.

Scores of each category of The 2011 KSS are shown in Table 2. In
the category of functional activities, the score of the Fc IR group was
significantly lower than that of the Fc NR group (P = 0.029). In the
category of satisfaction, the score of the Fc IR group was slightly lower
than that of the Fc NR group, but not significantly different (P =
0.062). In the categories of symptoms and expectations, scores were
not significantly different among groups for femoral component
malrotation. In all categories of The 2011 KSS, scores were not
significantly different among groups for tibial component
malrotation.

Scores for each detail of functional activities are shown in Table 3.
In the categories of standard activities and advanced activities, the
scores of the Fc IR group were significantly lower than those of the Fc
NR group (P = 0.004 and P = 0.028, respectively). In the categories
of walking and standing, the scores were not significantly different
among groups for femoral component malrotation. In all categories of
functional activities, scores were not significantly different among
groups of tibial component malrotation.

The patellar component-tilting angle and the patellar bone-tilting
angle are shown in Table 4. None were significantly different among
groups for femoral or tibial component malrotation.

Discussion

Patient satisfaction has been focused on the quality of life after TKA
[14,16]. Expectations of postoperative activities by younger and more
active patients have been higher, and their activities more diverse
[19]. The 2011 KSS was developed as a new scoring system to better
characterize the satisfaction, expectations, and physical activities of
patients who underwent TKA [20,21]. Surgeons should know which
factors related to their surgical techniques affect patients’ subjective
outcomes. As far as we know, there is no literature on the effect of
rotational alignment of the femoral or tibial components on patient
satisfaction or functional activities in daily life. In this study, we
investigated the effect of rotational alignment of the femoral and tibial
components on evaluation of outcomes using The 2011 KSS.

The score of the Fc IR group was significantly lower than that of Fc
NR group in the category of functional activities. Thompson et al used
a forward-dynamic computer model of a simulated squatting motion
to perform a parametric study of the effects of variations in
component rotational alignment in TKA [44]. Internally rotated
femoral components required the highest forces of the quadriceps
in deep flexion. For each detail of functional activities, the scores of the
Fc IR group were significantly lower than those of the Fc NR group in

Table 4

the categories of standard activities and advanced activities, which
would need relatively more quadriceps force at mid to deep flexion of
the knee. On the contrary, the score was not significantly different
among groups of femoral component malrotation in the categories of
walking and standing, which would need relatively little quadriceps
force at extension or mild flexion of the knee. Briefly, the decrease of
quadriceps efficiency by the internal rotation of the femoral
component might be a major cause of the disability of functional
activities.

In the category of satisfaction, the score of the Fc IR group was
slightly but not significantly lower than that of the Fc NR group. Our
preliminary study investigating the correlation between the patient
satisfaction score and the functional activities score in The 2011 KSS
revealed that there was moderate correlation between patient
satisfaction and either “walking and standing”, “standard activities”
or “advanced activities” (data in preparation). Therefore, internal
rotation of femoral component would have a risk to affect adversary
on the patient satisfaction although the current study did not show
the statistical significance. In all categories of The 2011 KSS, scores
were not significantly different between the Fc NR group and the Fc ER
group. To sum up results of the femoral side, surgeons should avoid
internal rotation of the femoral component to preserve functional
activities and improve postoperative satisfaction.

In the category of symptoms, scores were not significantly
different among groups of femoral component malrotation. Moreover,
patellar alignment was not significantly different among groups of
femoral component malrotation. Though PF problems like pain or
congruity by malrotation of the femoral component have been
reported [24,31], the rotational error was not very large in most
cases in either the Fc ER or Fc IR groups. Consequently, this might be a
major reason why the malrotation of the femoral component did not
significantly affect symptoms or patellar alignment.

In all categories of The 2011 KSS, scores were not significantly
different among groups of tibial component malrotation. As the
polyethylene surface used in this study has rotational tolerance of 12°,
some rotational malalignment of the tibial component might be
allowed. However, in our fluoroscopic study analyzing the loading of
knees after TKA, the rotational malalignment of the tibial component
caused the rotational mismatch between the femoral and tibial
components (data in preparation). Tibial component malrotation of
5°-10° might have no effect on a patient’s subjective discomfort.

There are several limitations to this study. First, this study included
only one implant design, and all surgeries were PS TKA. Therefore, the
results of this study are not necessarily applicable to other implant

PF Alignment Between Groups Classified Based on the Rotational Alignments of the Femoral and Tibial Component.

Femoral Component Rotation

Tibial Component Rotation

FcER(n=4) FcNR(n=51) FcIR(n=12) Significance TcER(n=18) TcNR(n=36) TcIR(n=13) Significance
Patellar component-tilting angle 26 + 1.5° 2.1 + 3.8° 0.9 £ 3.9° n.s 29 +£37° 22 £+ 34° —0.1 439 n.s
Patellar bone-tilting angle 43 + 4.1° 48 + 3.8° 45 + 57° n.s 5.4 4 3.2° 49 + 4.4° 3.1 4 4.5° ns

n.s; not significant.
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designs or PCL retaining (CR) TKA. Second, we did not evaluate patient
expectations and functional activities before surgery. Postoperative
changes in functional activities should be evaluated in future
studies. However, patient details in each group were not significantly
different, and so results from this study are still informative and
valid. Third, the score for discretionary activities was excluded in
this study. Answers about discretionary activities were completed
by only half of the patients and this might be one of the limitations of
the patient-derived score. Fourth, the patellar alignment was
evaluated only at mid-flexion of the knee. Patellar shift and tilt
would be larger at deep knee flexion and should be evaluated at deep
knee flexion in future studies. Last, we controlled preoperative and
postoperative parameters that have been known to affect each
category of The 2011 KSS in this study, however, there may be
other variables potentially affecting it except malrotation of the
femoral component.

In conclusion, internal rotation of the femoral component
significantly decreased the score in the category of functional
activities. Decrease of quadriceps efficiency might be a major cause
of the disability of functional activities. Surgeons should avoid internal
rotation of the femoral component to preserve functional activities
and improve the postoperative satisfaction of patients.
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Medial sixth of the patellar tendon at the tibial attachment
is useful for the anterior reference in rotational alignment

of the tibial component
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Abstract

Purpose The anteroposterior (AP) axis connecting the
middle of the posterior cruciate ligament to the medial
border of the patellar tendon at its attachment has been
introduced as a reproducible and reliable reference per-
pendicular to the surgical epicondylar axis in healthy
knees. A recent literature has reported that the AP axis of
the tibia is, on average, almost perpendicular to the surgical
epicondylar axis also in varus and valgus knees and can be
used as a tibial rotational reference to minimize the risk for
rotational mismatch between the femoral and tibial com-
ponents in total knee arthroplasty (TKA). However, it is
difficult to identify the AP axis after tibial resection. The
purpose of the current study was to determine a modified
AP axis that runs parallel to the AP axis and passes through
the centre of the cut surface in osteoarthritic knees.
Methods Preoperative computed tomography scans on 30
varus and 30 valgus knees undergoing TKA were studied
using a three-dimensional software. The modified AP axis
that runs parallel to the AP axis and passes through the
centre of the cut surface was drawn. We investigated where
the modified AP axis crossed the patellar tendon at its tibial
attachment.

Results  The modified AP axis passed through the medial
1/6 of the patellar tendon (4 mm from medial edge) at its
attachment in both varus and valgus knees.

Conclusions The AP axis of the tibia is useful as a tibial
rotational reference in cutting the proximal tibia, but it is
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difficult to identify the AP axis after tibial resection. The
clinical relevance of this study is that medial 1/6 of the
patellar tendon at its attachment would be a useful land-
mark in aligning the tibial component.

Level of evidence 1V.

Keywords Total knee arthroplasty (TKA) -
Surgical epicondylar axis (SEA) - Anteroposterior (AP)
axis of the tibia

Introduction

Proper femoral and tibial component rotational positioning is
essential for successful total knee arthroplasty (TKA). Posi-
tioning is a key as consequences of malrotation may produce
patellofemoral problems [1, 4, 5, 16, 20], flexion instability
[4], wear of ultra-high-molecular-weight polyethylene [14,
20, 28], stiffness [23] and abnormal gait patterns [27].

The surgical epicondylar axis (SEA), the line connecting
the tip of the lateral epicondyle to the medial epicondylar
sulcus, has been shown to be not only a useful anatomic
reference axis but also a functional flexion—extension axis
[6, 15, 17, 18, 29]. In contrast to the femur, several refer-
ences have been used to determine tibial rotational orien-
tation, such as the medial 1/3 of the tibial tubercle [12], the
posterior condylar line of the tibia [19], the midsulcus of
the tibial spine [7, 21], the transcondylar line of the tibia [8,
30], the intermalleolar axis of the ankle and the axis of the
second metatarsal bone. The AP axis connecting the middle
of the posterior cruciate ligament (PCL) at the tibial
attachment to the medial border of the patellar tendon at its
attachment has been introduced as a reproducible and
reliable reference perpendicular to the SEA in healthy
knees [2, 3, 24].
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A recent study has reported that the AP axis of the tibia
is, on average, almost perpendicular to the SEA also in
varus and valgus knees [13]. The AP axis can be used as a
tibial rotational reference to minimize the risk for rota-
tional mismatch between the femoral and tibial compo-
nents. However, it is difficult to identify the centre of the
PCL attachment after tibial resection. The tibial component
generally would be set at the centre of the cut surface;
therefore, a modified line that runs parallel to the AP axis
and passes through the centre of the cut surface would be
useful in aligning the tibial component. For this reason, it is
important to anatomically identify the location of the
anterior landmark of the modified AP axis on the patellar
tendon at the tibial attachment or on the cut surface.

The objective of the current study was to measure the
medial percentage width of the patellar tendon at its tibial
attachment and on the cut surface at which the modified AP
axis crosses in osteoarthritic knees.

Materials and methods

This study was approved by the institutional review board
(Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka
812-8582, Japan, No. 24-25). Informed consent for partici-
pation was obtained from all patients. We obtained preop-
erative knee CT scans on 30 patients with primary varus
osteoarthritis and on 30 patients with primary valgus osteo-
arthritis undergoing TKA. Postoperative knees displaying
intra-articular osteosynthesis, high tibial osteotomies and
unicompartmental knee arthroplasties were excluded from
the study. The patients were all Japanese. Patient details of
varus and valgus groups are described in Table 1.

The patients were placed in the supine position on the
scanning table, and the affected knee was naturally
extended without any feeling of internal or external rota-
tion. Transverse CT scans were taken at levels ranging
from the hip joint to the ankle joint at 2-mm intervals. CT
images were acquired as DICOM data from the CT system
server. A three-dimensional (3D) image of the lower
extremity was reconstructed on the computer using the

program 3D template (version 02.02.02, Japan Medical
Materials Corp., Osaka, Japan). An axial plane was defined
perpendicular to the tibial mechanical axis.

For the AP axis of the tibia, the centre of the PCL at its
tibial attachment and the medial border of the patellar
tendon at its attachment (Fig. 1a) were identified. In varus
knees, axial planes 6, 8 and 10 mm distal to the centre of
the tibial lateral plateau were defined as tibial cut planes. In
valgus knees, axial planes 3, 5 and 7 mm distal to the
centre of the tibial medial plateau were defined as tibial cut
planes to avoid laxity of the medial soft tissues [22]. The
centre of the tibial cut plane, dividing the mediolateral
(ML) dimension of the tibial cut plane in half, was defined
as the geometric centre (Fig. 1b). The line that runs parallel
to the AP axis and passes through the geometric centre was
defined as the modified AP axis.

Firstly, the point where the modified AP axis crossed the
patellar tendon at its tibial attachment was investigated
(Fig. 1a). The patellar tendon width (1) and the width
medial to the crossing point (m) were measured, and the
medial percentage width (m/1 x 100) was calculated.

Then, the point where the modified AP axis crossed the
patellar tendon on the tibial cut plane was investigated
(Fig. 1b). In a method similar to the first measurement, the
patellar tendon width (I’) and the width medial to the
crossing point (m’) were measured and the medial per-
centage width (m’/I’ x 100) was calculated.

Statistical analysis

All measurements were repeated three times at least a week
apart by one examiner (S.K.) for all patients, and the
average of these three measurements was adopted as the
data. To evaluate the intraobserver and interobserver
reproducibility, the measurements were performed three
times by one examiner (S.K.) and once by two examiners
(H.N., S.0.) on 10 knees randomly selected from the study
group. The intraclass correlation coefficient and the inter-
class correlation coefficient were 0.85 and 0.84 for mea-
surement of the medial percentage width of the patellar
tendon at its tibial attachment.

Table 1 Patient details of varus
and valgus groups

Varus group (n = 30) Valgus group (n = 30)

Age (years)®
Gender

Side (RULt)
Body mass index (BMI)*

# The value is given as the Hip-knee-ankle angle (HKA)*

mean and SD

744 £ 7.7

Male 4 knees

Female 26 knees

Rt 14 knees/Lt 16 knees
25.5 X 3.6

11.3 £ 7.0° varus

709 £ 9.3

Male 8 knees

Female 22 knees

Rt 16 knees/Lt 14 knees
25.0 £ 4.0

7.1 £ 5.7° valgus
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Medial Lateral

AP axis
of the tibia

Posterior

Medial Lateral

Posterior

Fig. 1 a The axial plane at the level of the attachment of the patella
tendon. P’ projected centre of the PCL, GC’ projected geometric
centre, [ patellar tendon width. The AP axis (broken line) connecting
the medial border of the patellar tendon and P’ was drawn. The
modified AP axis (solid line) that runs parallel to the AP axis and
passes through GC* was drawn. The tendon width (m) medial to the
point where the modified AP axis and the patellar tendon intersect
was measured, and the medial percentage width (m/l1 x 100) was
calculated. b The axial plane at the level of the tibial cut. GC
geometric centre, [’ patellar tendon width. The AP axis (broken line)
and the modified AP axis (solid line) were projected to this plane. The
tendon width (m’) medial to the point where the modified AP axis and
the patellar tendon intersect was measured, and the medial percentage
width (m’/I’ x 100) was calculated

@ Springer

Results

The medial percentage width (m/1) and the medial width
(m) of the patellar tendon at its tibial attachment were
15.5-16.5 % and 3.7-3.9 mm, respectively, in the varus
group and 16.5-18.5 % and 4.1-4.5 mm, respectively, in
the valgus group (Tables 2, 3). There were no great dis-
tinctions according to varus—valgus alignment of the knee
or thickness of the tibial cut. Calculated based on all data in
Tables 2 and 3, the medial percentage width and the medial
width of the patellar tendon at its tibial attachment were 1/6
(16.7 £+ 5.9 %) the width of the tendon and 4.0 & 1.4 mm
from medial edge. The medial percentage width (m’/1’) and
the medial width (m’) of the patellar tendon on the tibial
cut plane were the medial 1/4-1/3 of the tendon and
approximately 7.0 mm in the varus group and the medial
1/5-1/4 and 5.8 mm in the valgus group.

Discussion

The most important findings of the present study were that
the modified AP axis parallel to the tibial AP axis described
by Akagi et al. passed through the geometric centre of the
tibial cut surface to the medial 1/6 of the patellar tendon at
its tibial attachment, which is approximately 4.0 mm from
the medial edge of the patellar tendon attachment. Howell
et al. [10] virtually placed the tibial component on the
magnetic resonance image (MRI) data of osteoarthritic
knees and measured the distance from the AP axis of the
tibial component to the medial border or the medial 1/3 of
the tibial tubercle. They reported that the AP axis of the
tibial component was located 3 4+ 3 mm lateral to the
medial border and 4 4+ 2 mm medial to the medial 1/3 of
the tibial tubercle. Since the AP axis of the tibial compo-
nent divided the distance between the medial border and
the medial 1/3 of the tibial tubercle approximately in half,
our results were consistent in this respect. The position of
the modified AP axis would be affected by differences of
varus—valgus alignment of the knee or thickness of the
tibial cut; however, these differences were not considered
in their study. Our results were consistent regardless of
these differences. Therefore, the medial 1/6 of the patellar
tendon at its attachment would be useful for an anterior
reference point in aligning the tibial component and suffi-
ciently reliable.

The medial percentage width of the patellar tendon on
the tibial cut plane was also measured, composed of the
medial 1/5-1/3 of the tendon, variable among varus and
valgus knees. Moreover, some surgeons align the tibial
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Table 2 Results in varus knees

Thickness of the tibial cut (centre of the tibial lateral plateau)

6 mm 8 mm 10 mm
Medial percentage width of the patellar tendon (%)® (at the tibial attachment) 15.5 & 6.7 1554265 16.5 + 6.8
Medial width of the patellar tendon (mm)?® (at the tibial attachment) 30 = 1 3716 394+ 1.7
Medial percentage width of the patellar tendon (%) (on the tibial cut plane)  27.9 + 8.0 26.7 7.5 250+ 7.8
Medial width of the patellar tendon (mm)® (on the tibial cut plane) T3 x£21 T.0 X+ 2.2 6.4 + 2.0

¢ The value is given as the mean and SD

Table 3 Results in valgus knees

Thickness of the tibial cut (centre of the tibial medial plateau)

3 mm 5 mm 7 mm
Medial percentage width of the patellar tendon (%)® (at the tibial attachment) 16.5 5.5 179 £ 49 185 £ 5.0
Medial width of the patellar tendon (mm)? (at the tibial attachment) 41+13 44 £1.0 45+ 1.0
Medial percentage width of the patellar tendon (%)® (on the tibial cut plane) 21.1 + 9.4 224 9.7 22.7 £ 97
Medial width of the patellar tendon (mm)® (on the tibial cut plane) 5:6:+ 2.6 58 +2.5 5.8 +£2.3

# The value is given as the mean and SD

component with patellar eversion. Therefore, the reference
point at the attachment of the patellar tendon is more
consistent and useful for clinical use than that on the tibial
cut plane. It would be technically important to choose the
patellar tendon at just the tibial attachment level intraop-
eratively not to be affected by the patellar eversion or
subluxation.

Several references have been used to determine tibial
rotational orientation, such as the medial 1/3 of the tibial
tubercle [12], the posterior condylar line of the tibia [19],
the mid-sulcus of the tibial spine [7, 21], the transcondylar
line of the tibia [8, 30], the intermalleolar axis of the ankle
and the axis of the second metatarsal bone. The tibial
tubercle has a broad base and both ends are hard to specify.
In addition, a previous publication reported that the medial
1/3 of the tibial tuberosity might be too externally rotated
in aligning the tibial component [7, 25]. The posterior
condylar line of the tibia, the midsulcus of the tibial spine
and the transcondylar line of the tibia would be susceptible
to osteophyte and bone loss of the tibial articular surface
[19]. The intermalleolar axis of the ankle and the axis of
the second metatarsal bone would be susceptible to
deformities of ankle and feet caused by osteoarthritis or
rheumatoid arthritis, while on the other hand, the AP axis
shown by Akagi et al. would not be influenced by articular
deformity, and it would be perpendicular to the SEA in
both healthy knees [2, 3, 24] and osteoarthritic knees [13].
Therefore, the AP axis would be useful as a tibial rotational
reference in cutting the proximal tibia, and the modified AP
axis connecting the centre of the cut surface to the medial
1/6 of the patellar tendon at its attachment would be useful

in aligning the tibial component because it would be dif-
ficult to identify the AP axis after tibial resection.

A line drawn from the projected geometric centre to the
medial border of the patellar tendon at its attachment was
internally rotated relative to the AP axis in all knees. Since
the anterior reference of AP axis is the medial border of the
patellar tendon at its attachment, some surgeons may
mistakenly use it as an anterior reference point not only in
cutting the proximal tibia but also in aligning the tibial
component. In this case, the tibial component would be
aligned internally rotated relative to the AP axis [10]. The
tibial component should be aligned in the same direction of
the proximal tibial cut from the aspect of rotational
alignment, and in addition, it could also have an effect on
the coronal alignment of the knee when the tibia is pre-
pared with some degree of posterior slope. If the rotational
position of the tibial component varies from the rotational
direction of the tibial cutting procedure, the component
would be malaligned in varus or valgus due to posterior
slope [11].

There are several limitations to this study. First, we
evaluated a limited number of varus and valgus knees.
However, the standard deviations of the measurements
were all small enough to use the medial 1/6 of the patellar
tendon at its attachment as the anterior reference point in
aligning the tibial component. Secondly, the study popu-
lation was limited to Japanese subjects. The study descri-
bed by Akagi et al. also included Japanese subjects, and our
study is in agreement with their study in this respect.
However, it is possible that the data included in the current
study would be typical only for knees of Japanese subjects,
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and therefore, there would be anatomic differences from
the Caucasian population [9, 24, 26]. Thus, the results of
this study should be interpreted cautiously. Thirdly, the
modified AP axis of our study may not be appropriate for
aligning all types of tibial components. As we defined the
geometric centre as the centre of the tibial cut surface, the
modified AP axis would be useful under assumption of
aligning the symmetrical tibial component on the centre of
the tibial cut surface. Therefore, we should take care in
aligning the asymmetrical component. Finally, we have not
examined the relationship between the SEA and the mod-
ified AP axis of the tibia in this study. The AP axis shown
by Akagi et al. is useful to be referred when cutting the
proximal tibia, but not when aligning the tibial component.
The modified AP axis of this study is useful when aligning
the tibial component, but not when cutting the tibia because
the geometric centre of the tibial cut surface is not visible
before cutting the tibia. As several studies suggest that
Akagi’s AP axis is reliably perpendicular to the SEA in
both healthy knees [2, 3, 24] and osteoarthritic knees [13],
we propose to use Akagi’s AP axis when cutting the tibia
and use the modified AP axis of this study when aligning
the component which is parallel to Akagi’s AP axis.
However, there would be a variation between Akagi’s AP
axis and the SEA and between the modified AP axis of this
study and Akagi’s AP axis. Therefore, there might be a
variation between the modified AP axis of this study and
the SEA, as well.

Conclusion

The modified AP axis runs parallel to the tibial AP axis and
passes through the geometric centre of the bony cut sur-
face, intersecting the medial 1/6 of the patellar tendon at its
tibial attachment. The clinical relevance of this study is that
medial 1/6 of the patellar tendon at its attachment would be
useful in the anterior referencing and alignment of the
tibial component.
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