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Self-aligned Technique for Tibial Component
Placement in Total Knee Arthroplasty Lessening
Rotational Malalignment in Measured Resection

and Gap-Balancing Techniques
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Background: Femoratibial rotational mismatch can occur when there is a rotational malalignment in either the tibial or femoral
component. Self-aligned technique was proposed for orienting the tibial component in relation to the femoral prosthesis to reduce
rotational malalignment between components. Therefore, we aimed to compare the rotational angle of the femoral and tibial
components, as well as the femoratibial rotational mismatch, between the measured resection (MR) and gap-balancing (GB) tech-
niques when combined with a self-aligned technique.

Methods: We conducted a nonrandomized, experimental study with 50 patients in each group. The femoral rotation was set to
3° external rotation relative to the posterior condylar axis in the MR group, whereas the femur was resected to obtain an optimal
rectangular flexion gap in the GB group. The self-aligned method was used to set the tibial rotation in both groups. Femoral and
tibial rotational alignments were evaluated compared to a surgical transepicondylar axis of the femur using computed tomography.
Rotational mismatch was defined as a difference between the femoral and tibial rotational alignments. A positive value indicated
that the component was externally rotated relative to the reference line.

Results: The femoral component of the GB group was more externally rotated than that of the MR group (1.52° + 1.31° vs 0.28° +
1.16°, p < 0.001). However, the tibial rotational angle was not statistically significantly different between the MR and GB groups
(1.28° + 3.17° vs. 1.86° + 2.81°, p = 0.220), and the rotational mismatch was 1.00° + 3.28° and 0.34° + 2.71°, respectively (p =
0.306).

Conclusions: Although the femoral component of the GB group had a greater degree of external rotation than that of the MR
group, the use of a self-aligned technique for tibial component placement resulted in no significant difference in tibial rotational
alignment or rotational mismatch. This technique helps align the tibial component with the femoral component and lessen the de-
gree of rotational malalignment in both the MR and GB techniques.

Keywords: Femur, Tibia, Tomography, Total knee arthroplasty

Received April 4, 2022; Revised May 31, 2022; Accepted July 5, 2022

Correspondence to: Nitchanant Kitcharanant, MD

Department of Orthopaedics, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand
Tel: +66-8-7107-1133, Fax: +66-53-946-442, E-mail: nk_win@hotmail.com

Copyright © 2023 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408



http://crossmark.crossref.org/dialog/?doi=10.4055/cios22106&domain=pdf&date_stamp=2023-08-01

598

Patamarat et al. Measured Resection vs. Gap-Balancing for Component Alignment in Total Knee Arthroplasty

Clinics in Orthopedic Surgery * Vol. 15, No. 4, 2023 « www.ecios.org

Femoral and tibial rotational alignment is crucial for good
functional outcomes after total knee arthroplasty (TKA)"
and for determining the longevity of knee prostheses.”
Therefore, strategies for aligning the component rotation
to ensure proper femorotibial kinematics after TKA are
usually implemented using a stepwise approach. Gener-
ally, measured resection (MR) and the gap-balancing
(GB) techniques are used to perform TKA. Although the
rotational axis of the femur has been well demonstrated in
biomechanical studies to be parallel to the surgical tran-
sepicondylar axis (STEA) throughout knee flexion-exten-
sion, the technique best suited to place this component
parallel to the STEA remains unclear.*”

For the MR technique, the rotation of the femoral
component according to the posterior condyle of the fe-
mur can simply be determined by surgeons. However, the
posterior condyle axis (PCA) has been reported to range
from 1.3° internally rotated to 10.4° externally rotated rela-
tive to the STEA.” Aglietti et al.” demonstrated a correla-
tion between the PCA and deformity in the coronal plane
and suggested that the PCA may not be reliable depending
on the degree of deformity. On the other hand, the femo-
ral rotation is set to create the rectangular flexion gap in
the GB technique, regardless of anatomical landmarks.?
Moon et al.” revealed that the femoral component is usu-
ally more externally rotated than the STEA in the GB tech-
nique.

Additionally, to date, there has been no standard
technique to precisely determine the rotation of tibial
prosthesis. Various anatomical landmarks, for instance, the
medial one third of the tibial tubercle,'” Akagi line,"” and
posterior tibial condylar line,”” are used to determine the
rotational alignment of the tibial component. Despite the
less difficulty in determining these landmarks intraopera-
tively, there can be conflicts between the tibial and femoral
sides if each rotational axis is independently established."”
Previous studies have demonstrated that a mismatch be-
tween the rotational alignment of the tibial and femoral
components may result in residual pain, stiffness, wear-
out of the polyethylene insert, and patellofemoral compli-
cations, leading to a requirement for early revision.”"*"”
While it is still unclear what anatomical technique is better
than the others, the self-aligned technique, which allows
the tibial component to find its proper place relative to the
femoral component rotation, may be an alternative option
for reducing the rotational mismatch.

Hence, the objectives of this study were to compare
(1) the rotational angle of the femoral component, (2) the
rotational alignment of the tibial components, and (3)
the femorotibial rotational mismatch between the MR

and GB techniques when combined with the self-aligned
technique. We hypothesized that the femoral component
of the GB group may have a greater degree of external ro-
tation than that of the MR group. The reason behind this
assumption was that a tight medial flexion gap could lead
to excessive femoral resection in external rotation to create
the rectangular flexion gap when using the GB technique
especially in knee osteoarthritis (OA) with varus defor-
mity.'” We also hypothesized that the use of a self-aligned
technique for tibial component placement may result in
no significant difference in tibial rotational alignment or
rotational mismatch due to the effect of the self-aligned
technique that allows the tibial component to rotate at a
suitable angle, reducing the femorotibial mismatch and
ensuring optimal knee kinematics, regardless the femoral
cutting technique used.

METHODS

This study was approved by the Research Ethics Com-
mittee of the Phra Nakhon Si Ayutthaya Hospital, Phra
Nakhon Si Ayutthaya, Thailand (No. 030/2019) and was
performed in accordance with the tenets of the Declara-
tion of Helsinki. Informed consent was obtained from
all patients. All procedures in studies involving human
participants were performed in accordance with the ethi-
cal standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

From February 2019 to December 2020, 111 pa-
tients with primary OA scheduled for unilateral TKA were
enrolled in the study. Patients who had valgus knee or
mechanical axis deviation of more than 15° of varus were
excluded. Patients with secondary knee OA, a history of
knee surgery, or infection on the operated side were also
excluded. Subsequently, there were 50 patients each in the
MR and GB groups (Fig. 1). All TKAs were performed
with identical knee implants by a single surgeon who
had more than 20 years of experience (AP). In all cases, a
symmetric posterior-stabilized total knee prosthesis with
fixed-bearing polyethylene inserts (Vega prosthesis; B.
Braun-Aesculap, Melsungen, Germany) was implanted
without patellar resurfacing. The preoperative mechani-
cal axis of the limb was measured using radiography, and
varus alignment was recorded in positive values.

Surgical Technique

All TKAs were performed through the medial parapatellar
approach after inflating the air tourniquet to 300 mmHg.
Since a posterior-stabilized total knee prosthesis was used,
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111 Patients with primary knee OA scheduled for
TKA between February 2019 and December 2020

11 Excluded patients with
valgus knee OA
mechanical axis deviation

of more than 15° of varus

50 Measured 50 Gap-balancing
resection group group
50 Analyzed 50 Analyzed

Fig. 1. Flowchart of the patient recruitment process. OA: osteoarthritis,
TKA: total knee arthroplasty.

Fig. 2. In the measured resection group, the femoral component rotation
was set to 3° of external rotation relative to the posterior condylar axis
of the femur.

we resected both the anterior and posterior cruciate liga-
ments. In the MR group, the tibia was first cut with an
extramedullary cutting guide, perpendicular to the tibial
mechanical axis. The distal femur was then resected using
the intramedullary guide. After removal of osteophytes
from the femoral and tibial sides, the medial ligament was
released in extension. The femoral rotation was routinely
set to 3° of external rotation relative to the posterior con-
dylar axis of the femur, and then the anterior and posterior
femurs were resected as shown in Fig. 2.

In the GB group, we used computed tomography
(CT)-free navigation system (Orthopilot 4.2, B. Braun-
Aesculap) to improve the precision of the proximal tibial
and distal femoral bone cuts relative to the mechanical
axis. After registration of all anatomical landmarks, we

.15, No. 4, 2023 *« www.ecios.org

Fig. 3. The collateral ligaments were set at an equal tension using the
tensor device in full extension (A) and 90° of knee flexion (B) to evaluate
the joint gap sizes and plan for bone resection.
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Fig. 4. The distal femur was cut perpendicular to the femoral mechanical
axis on the screen of the navigation system. The anterior and posterior
femurs were subsequently resected according to the rotation of the femoral
component, guided by the navigation system, to obtain an optimal rectangular
flexion gap. TKA: total knee arthroplasty.

performed the tibial cut perpendicular to the tibial me-
chanical axis using this navigation system to set both coro-
nal and sagittal alignments. When necessary, osteophytes
on both tibial and femoral sides were removed, and the
medial ligament was released in extension to equalize the
extension gap. The collateral ligaments were then equally
tensioned using the tensor device at 90° of knee flexion
to evaluate the joint gap sizes (Fig. 3). With the help of
navigation system, the distal femur was cut perpendicular
to the femoral mechanical axis (Fig. 4). The anterior and
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posterior femurs were subsequently resected in order to
obtain an optimal rectangular flexion gap, guided by the
navigation system.

The self-aligned method was used to set the align-
ment of the trial tibial component in both groups.>"”
After finishing the bone cut, the trial femoral and tibial
components were placed, and the patella was reduced to
allow proper patellofemoral tracking. The surgeon per-
formed five cycles of full knee flexion and extension while
maintaining the patellofemoral articulation. The rotational
alignment of the trial tibial component was marked at the
anterior tibial cortex. All prostheses were implanted with
cement, along with a polyethylene insert.

All the patients received identical peri- and post-
operative care, including fluid management, pain control,
and rehabilitation. Femoral and tibial rotational align-
ments were evaluated 30 days after surgery using CT. The
CT images were acquired in the supine position with the
knee fully extended and were interpreted using Synapse
software (Fujifilm, Tokyo, Japan). The CT images were
taken with a slice thickness cut of 1 mm, perpendicular to
the long axis of the leg; they were then evaluated by a con-
sultant orthopedic surgeon (NK and AL) who was blinded
to the techniques used. Rotational alignment of the femo-
ral and tibial components was determined by a line pro-
jected parallel to the posterior edge of each component, as
shown in Fig. 5. The alignment was then superimposed on
the CT images. All reference lines were compared with the
STEA of the femur since it has been reported to approxi-
mate the knee joint flexion-extension axis.” Subsequently,
we calculated the mean value of the femoral and tibial
rotational angles, either internally or externally, relative
to the sSTEA in each group. A positive value indicated that
the component was externally rotated relative to the STEA.
Femorotibial rotational mismatch was described as a

disparity (in degrees) between the femoral and tibial rota-

tional alignments. A positive value indicated that the tibial
component was externally rotated relative to the femoral
component. Therefore, we compared the rotational angle
of the femoral and tibial components and the femorotibial
rotational mismatch between the MR and GB groups. Ro-
tational angles of either the femoral or tibial component
that deviated > 3° from the sTEA and > 10° of rotational
mismatch were considered to be outliers."”

Data Analysis

Data analyses were performed using SPSS ver. 18 (SPSS
Inc., Chicago, IL, USA). The normality of data distribution
among groups was assessed by the Kolmogorov-Smirnov
test. An independent sample ¢-test was used to compare
the femoral rotation, tibial rotation, and femorotibial ro-
tational mismatch between the two groups. The number
of outliers between the two groups was compared and
assessed using Pearson’s chi-square test (a sample size of
at least 50 patients in each group was required to detect a
mean difference of 1° with a standard deviation of 1.75°),
using a power of 0.8 and an a value of 0.05. The authors
measured all radiographic parameters twice at least 2
weeks after surgery. Intra- and interclass correlation coef-
ficients were used to assess intra- and interobserver reli-
abilities, respectively.

RESULTS

One hundred and eleven patients with primary OA were
enrolled in the study. We excluded 5 patients with valgus
knee deformity and 6 patients with varus knee deformity,
in whom the mechanical axis of the lower limb deviated
more than 15°. Therefore, 100 patients were finally includ-
ed in the study (Fig. 1). The mean age of the participants
was 66.8 years (range, 52-82 years), and most patients
were women (86.0) (Table 1). Fifty patients (50.0) had a

Fig. 5. Rotational alignment of the femo-
ral (A) and tibial (B) components was
defined as a line projected parallel to the
posterior edge of each component. All
reference lines were compared with the
surgical transepicondylar axis (STEA).
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Patient characteristics
Age (yr)
Female
Body mass index (kg/m?)
Charlson comorbidity index
1
2
>3
Preoperative alignment
Neutral
Valgus
Varus
Degree of deformity
0-5
6-10
11-15

Total (n = 100)
66.8 +6.8

86 (86.0)

27.1+42

13(13.0)
37(37.0)
50 (50.0)

0
0

100(100.0)

33(33.0)
36 (36.0)
31(31.0)

MR group (n = 50)

65.6+7.0
43(86.0)
274+45

7(14.0)
20 (40.0)
23 (46.0)

0
0
50 (100.0)

16 (32.0)
18(36.0)
16 (32.0)

GB group (n =50) p-value
68.0+6.5 0.082
43 (86.0) 1.000
268+39 0.496
0.726
6(12.0)
17 (34.0)
27 (54.0)
0
0
50 (100.0)
0.969
17 (34.0)
18(36.0)
15(30.0)

Values are presented as mean + standard deviation or number (%). A p-value of < 0.05 indicates statistical significance.

MR: measured resection, GB: gap-balancing.

Table 2. Comparison of Femoral Component Rotation, Tibial Component Rotation, and Femorotibial Rotational Mismatch

Outcome measure

Femoral component rotation (°)
Outlier

Total

>3°IR

>3°ER
Tibial component rotation (°)
Outlier

Total

>3°IR

>3°ER
Femorotibial rotational mismatch (°)

Femorotibial rotational mismatch > 10°

Total (n = 100)
0.90+1.38 (-3 t0 4)

4(4.0)
0
4(4.0)
1.57 +3.00 (-6 to 12)

24(24.0)
1(1.0)
23(23.0)
0.67 +3.01 (-810 10)
0

MR group (n =50
0.28+1.16(-3t02)

0

0

0
1.28+3.17 (-6 t0 12)

11(22.0)
1(2.0)
10(20.0)
1.00+3.28 (-8 to0 10)
0

)

GB group (n =50) p-value
1.52£1.31 (-1 to +4) <0.001
4(8.0) 0.117
0
4(8.0) 0.117
1.86+2.81(-3108) 0.220
13(26.0) 0.815
0 1.000
13(26.0) 0.635
034+271(-5t07) 0.306
0

Values are presented as mean + standard deviation (range) or number (%). A p-value of < 0.05 indicates statistical significance.
MR: measured resection, GB: gap-balancing, IR: internal rotation, ER: external rotation.
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Table 3. Incidence of Rotational Outlier of Knee Prostheses

Variable N(IEE?OL;') G(E Ersoou)p p-value
Outlier of femoral component 0 4 0.117
Outlier of tibial component 11 13 0.815
p-value 0.001 0.017

A p-value of < 0.05 indicates statistical significance.
MR: measured resection, GB: gap-balancing.

Charlson Comorbidity Index of > 3. All patients had pre-
operative varus alignment. There was no significant differ-
ence in age, sex, body mass index, Charlson Comorbidity
Index, or degree of preoperative deformity between the
groups.

There was a significant difference between the MR
and GB groups with respect to the rotational angle of the
femoral component (0.28° £ 1.16° vs. 1.52° + 1.31°, p <
0.001), but the rotational angle of the tibial component was
not significantly different between the two groups (1.28°
+ 3.17° vs. 1.86° + 2.81°, p = 0.220) (Table 2). The aver-
age femorotibial rotational mismatch in the MR and GB
groups was 1.00° = 3.28° and 0.34° + 2.71°, respectively,
without significant difference (p = 0.306). No patient had a
femorotibial mismatch of > 10°.

There were 11 outliers in the MR group and 13 in
the GB group (Table 3). There were fewer outliers in the
MR group than in the GB group (femoral component: 0
vs. 4, p = 0.117; tibial component: 11 vs. 13, p = 0.815). In
the MR group, 1 tibial component had > 3° internal rota-
tion and 10 tibial components had > 3° external rotation.
In the GB group, 4 femoral components had > 3° external
rotation and 13 tibial components had > 3° external rota-
tion. Compared to the femoral component, the tibial com-
ponent was associated with a higher incidence of outliers
deviating from the sTEA in both the MR and GB groups.
Intra- and interclass correlation coeftficients for all param-
eters were considered excellent.

DISCUSSION

In this study, we found that the femoral components of
the GB group were more externally rotated than those of
the MR group. The GB group also tended to have a higher
incidence of rotational outliers of the femoral components
(deviating > 3° from sTEA). However, the mean angle of
tibial rotation, the incidence of outliers deviating from the
sTEA, and the rotational mismatch were not significantly

different between the two groups.

Achieving correct rotational alignment of both the
femur and tibia is critical to success after TKA. The sTEA
has been reported to approximate the knee joint flexion-
extension axis” and has been used as a reference for rota-
tional placement of both the femoral and tibial prostheses
in TKA.” Strategies to determine the rotational alignment
of the femur with reference to the PCA have been reported
to be variable among patients and can range from 1.3°
internally rotated to 10.4° externally rotated relative to
the sSTEA.” Also, the degree of posterior condylar erosion
was a major concern."” Therefore, it could be deceptive to
use only the PCA as the sole reference to set the rotational
alignment of the femoral component without consider-
ing other factors, such as coronal deformity.” However,
we demonstrated that the MR group (using the PCA as
anatomical reference) achieved an average femoral rota-
tion that was closer to being parallel to the STEA than
did the GB group. This is consistent with the findings of
Nagamine et al.,”” which showed a consistent relationship
between the PCA and epicondylar axis, particularly in
knees with medial tibiofemoral arthritis. The epicondylar
axis is also reliable when the posterior condyles show bony
erosion.””’ For the GB technique, rotational resection of
the femur relies on an accurate proximal tibial resection
and tension of the collateral ligaments.'**” Thus, these
factors may cause an inappropriate rotational resection of
the femur. For instance, a varus tibial cut could cause the
femoral component to be more internally rotated, whereas
a tight medial flexion gap could lead to excessive femoral
resection in external rotation.'” To overcome this potential
error, we used computer navigation to confirm the align-
ment of the proximal tibial cut and appropriate tension of
the collateral ligaments. Despite this, we still observed 1.2°
greater external rotation of the femoral component in the
GB group than in the MR group, and this finding is simi-
lar to the results demonstrated in a recent meta-analysis.”
Additionally, the number of outliers with an external rota-
tion of > 3° was higher in the GB group, implying that it
is more difficult to reproduce a consistent rotation of the
femoral component with this technique. Nevertheless,
there were no outliers with internal rotation of the femoral
component in the GB group, and the outcomes of TKA
with an externally rotated femoral component were more
favorable than those with internal rotation.”

Currently, there is no established consensus re-
garding the method for achieving the precise rotational
alignment of the tibial prosthesis, and rotational malalign-
ment of the tibial component is considered a key factor
in rotational mismatch.'¥ While various historically used
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anatomical landmarks have resulted in high variability of
tibial component positioning,™ the self-aligned or range of
movement technique, which allows the tibial component
to rotate freely with respect to the femoral component dur-
ing cycles of knee flexion and extension, was introduced to
determine the tibial component rotation. Despite the GB
group showing significantly greater external rotation of
the femoral component in the present study, we found that
the rotational angle of the tibial component and femoro-
tibial rotational mismatch were not significantly different
between the MR and GB groups. Additionally, we found
the rotational alignment of the tibial component had a
significantly higher incidence of outliers deviating from
STEA than that of the femoral component in both groups.
This means that the rotationally malaligned femoral im-
plant can eventually lead to a malaligned tibial rotational
placement. The polyethylene insert’s survival may be jeop-
ardized by rotational incongruity that is caused by severe
malrotation of the tibial component. Theoretically, the
precise rotation of the femoral component and soft-tissue
balancing are required for the self-aligned procedure to
work and maintain proper kinematics. The tibial compo-
nent tended to have slightly greater external rotation in the
GB group than in the MR group as a result of a greater ex-
ternal rotation of the femoral component, although there
was no significant difference. Therefore, the outcome of
this method can be influenced by improper femoral com-
ponent rotation. We have to admit that the reason more
outliers were seen in the tibial prostheses is one of the
potential drawbacks of the self-aligned technique but this
may not have any effect on clinical outcomes because there
was no patient who had > 10° of rotational mismatch,
which would theoretically increase strain on the tibial cor-
tex after TKA." The reason for these findings may be be-
cause the self-aligned technique is influenced not only by
the femoral component rotation but also by femorotibial
kinematics, patellar tracking, and soft-tissue tension.'*"”*”
Both MR and GB groups in our study had the soft tissue
and collateral ligaments balanced to preserve knee kine-
matics and this can be a crucial factor to determine the
final tibial component rotation and mismatch between the
femoral and tibial components. Hence, our findings may
emphasize that the self-aligned technique could accom-
modate the tibial component into appropriately rotational
angle, lessen the femorotibial rotational mismatch, and en-
sure optimal kinematics of the knee joint regardless of the
femoral cutting technique performed.

Our study has some limitations. First, it may not
be possible to generalize our findings to other types of
knee prostheses. While sacrificing the posterior cruciate

ligament in a posterior-stabilized TKA might help bal-
ance the tight medial flexion gap and reduce the need to
increase external rotation of the femoral component in
the GB group, Heesterbeek et al.*® demonstrated a mean
rotation of the femoral component ranging from 5° to
12° of external rotation relative to the posterior condyles
when performing cruciate-retaining TKA. Secondly, the
rotational alignment of the tibial component in the pres-
ent study was determined by CT only in the extension
position. Currently, three-dimensional CT has become
increasingly popular as it can mitigate several factors, in-
cluding lower limb position and joint contracture, which
may influence the accuracy and reliability of conventional
two-dimensional CT imaging.”*¥ Lastly, our study in-
cluded predominantly female patients (n = 86), which may
be associated with different femoral geometry compared
to male patients. Koh et al.”” demonstrated gender differ-
ences in both medial and lateral posterior condyle mor-
phology, and this could contribute to variation in the PCA
between men and women. The femoral component of the
GB group was associated with a 1.2° greater degree of ex-
ternal rotation when compared to the MR group. Despite
this, by using a self-aligned technique for tibial component
placement, there was no significant difference between the
GB and MR groups regarding the rotational angle of the
tibial component and femorotibial rotational mismatch.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the patients who par-
ticipated in this study and Ms. Wachirapan Narktang of
the Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, for her assistance with statistical analysis.

ORCID

Apisit Patamarat https://orcid.org/0000-0001-5530-6590
Nitchanant Kitcharanant
https://orcid.org/0000-0002-5660-2743
Piti Rattanaprichavej
https://orcid.org/0000-0002-2802-0762
Artit Laoruengthana
https://orcid.org/0000-0001-5827-6411



604

10.

11.

12.

13.

Patamarat et al. Measured Resection vs. Gap-Balancing for Component Alignment in Total Knee Arthroplasty

Clinics in Orthopedic Surgery * Vol. 15, No. 4, 2023 « www.ecios.org

REFERENCES

Bourne RB, Chesworth BM, Davis AM, Mahomed NN,
Charron KD. Patient satisfaction after total knee arthroplas-
ty: who is satisfied and who is not? Clin Orthop Relat Res.
2010;468(1):57-63.

Hofmann S, Romero J, Roth-Schiffl E, Albrecht T. Rotation-
al malalignment of the components may cause chronic pain
or early failure in total knee arthroplasty. Orthopade. 2003;
32(6):469-76.

Churchill DL, Incavo SJ, Johnson CC, Beynnon BD. The
transepicondylar axis approximates the optimal flexion axis
of the knee. Clin Orthop Relat Res. 1998;(356):111-8.

Hollister AM, Jatana S, Singh AK, Sullivan WW, Lupichuk
AG. The axes of rotation of the knee. Clin Orthop Relat Res.
1993;(290):259-68.

Berger RA, Rubash HE, Seel MJ, Thompson WH, Crossett
LS. Determining the rotational alignment of the femoral
component in total knee arthroplasty using the epicondylar
axis. Clin Orthop Relat Res. 1993;(286):40-7.

Mantas JP, Bloebaum RD, Skedros JG, Hofmann AA. Impli-
cations of reference axes used for rotational alignment of the
femoral component in primary and revision knee arthro-
plasty. J Arthroplasty. 1992;7(4):531-5.

Aglietti P, Sensi L, Cuomo P, Ciardullo A. Rotational posi-
tion of femoral and tibial components in TKA using the
femoral transepicondylar axis. Clin Orthop Relat Res. 2008;
466(11):2751-5.

Lee DH, Padhy D, Park JH, Jeong WK, Park JH, Han SB.
The impact of a rectangular or trapezoidal flexion gap on
the femoral component rotation in TKA. Knee Surg Sports
Traumatol Arthrosc. 2011;19(7):1141-7.

Moon YW, Kim HJ, Ahn HS, Park CD, Lee DH. Compari-
son of soft tissue balancing, femoral component rotation,
and joint line change between the gap balancing and mea-
sured resection techniques in primary total knee arthro-
plasty: a meta-analysis. Medicine (Baltimore). 2016;95(39):
€5006.

Dalury DE Observations of the proximal tibia in total knee
arthroplasty. Clin Orthop Relat Res. 2001;(389):150-5.

Akagi M, Matsusue Y, Mata T, et al. Effect of rotational
alignment on patellar tracking in total knee arthroplasty.
Clin Orthop Relat Res. 1999;(366):155-63.

Moreland JR. Mechanisms of failure in total knee arthro-
plasty. Clin Orthop Relat Res. 1988;(226):49-64.

Uehara K, Kadoya Y, Kobayashi A, Ohashi H, Yamano Y.
Bone anatomy and rotational alignment in total knee ar-
throplasty. Clin Orthop Relat Res. 2002;(402):196-201.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Watanabe S, Sato T, Omori G, Koga Y, Endo N. Change in
tibiofemoral rotational alignment during total knee arthro-
plasty. ] Orthop Sci. 2014;19(4):571-8.

Bell SW, Young P, Drury C, et al. Component rotational
alignment in unexplained painful primary total knee ar-
throplasty. Knee. 2014;21(1):272-7.

Dennis DA, Komistek RD, Kim RH, Sharma A. Gap bal-
ancing versus measured resection technique for total knee
arthroplasty. Clin Orthop Relat Res. 2010;468(1):102-7.

Ikeuchi M, Yamanaka N, Okanoue Y, Ueta E, Tani T. Deter-
mining the rotational alignment of the tibial component at
total knee replacement: a comparison of two techniques. J
Bone Joint Surg Br. 2007;89(1):45-9.

Kessler O, Lacatusu E, Sommers MB, Mayr E, Bottlang M.
Malrotation in total knee arthroplasty: effect on tibial cortex
strain captured by laser-based strain acquisition. Clin Bio-
mech (Bristol, Avon). 2006;21(6):603-9.

Fehring TK. Rotational malalignment of the femoral com-
ponent in total knee arthroplasty. Clin Orthop Relat Res.
2000;(380):72-9.

Nagamine R, Miura H, Inoue Y, et al. Reliability of the an-
teroposterior axis and the posterior condylar axis for deter-
mining rotational alignment of the femoral component in
total knee arthroplasty. ] Orthop Sci. 1998;3(4):194-8.

Laskin RS, Rieger MA. The surgical technique for perform-
ing a total knee replacement arthroplasty. Orthop Clin
North Am. 1989;20(1):31-48.

Dennis DA. Measured resection: an outdated technique in
total knee arthroplasty. Orthopedics. 2008;31(9):940-4.

Romero J, Stahelin T, Binkert C, Pfirrmann C, Hodler J, Kes-
sler O. The clinical consequences of flexion gap asymmetry
in total knee arthroplasty. ] Arthroplasty. 2007;22(2):235-40.

Victor ], Van Doninck D, Labey L, Innocenti B, Parizel PM,
Bellemans J. How precise can bony landmarks be deter-
mined on a CT scan of the knee? Knee. 2009;16(5):358-65.

Eckhoff DG, Metzger RG, Vandewalle MV. Malrotation
associated with implant alignment technique in total knee
arthroplasty. Clin Orthop Relat Res. 1995;(321):28-31.

Heesterbeek PJ, Jacobs WC, Wymenga AB. Effects of the
balanced gap technique on femoral component rotation in
TKA. Clin Orthop Relat Res. 2009;467(4):1015-22.

Yoshino K, Hagiwara S, Nakamura J, Tsukeoka T, Tsunei-
zumi Y, Ohtori S. Intra- and interobserver reliability and
agreement in three-dimensional computed tomography
measurements of component positions after total knee ar-
throplasty. Knee. 2019;26(5):1102-10.



605

Patamarat et al. Measured Resection vs. Gap-Balancing for Component Alignment in Total Knee Arthroplasty
Clinics in Orthopedic Surgery * Vol. 15, No. 4, 2023 « www.ecios.org

28. Toms AP, Rifai T, Whitehouse C, McNamara I. CT mea- 29. Koh YG, Nam JH, Chung HS, Kim HJ, Chun HJ, Kang KT.

sures of femoral and tibial version and rotational position Gender differences in morphology exist in posterior con-
of femoral and tibial components of knee replacements: dylar offsets of the knee in Korean population. Knee Surg
limitations in reliability and suitability for routine clinical Sports Traumatol Arthrosc. 2019;27(5):1628-34.

practice. Eur Radiol. 2022;32(6):3790-8.





