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Abstract

Background When using the gap-balancing technique for
TKA, excessive medial release and varus proximal tibial
resection can be associated with internal rotation of the
femoral component. Previous studies have evaluated the
causes of femoral component rotational alignment with a
separate factor analysis using unadjusted statistical meth-
ods, which might result in treatment effects being
attributed to confounding variables.
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Questions/purposes (1) What pre- and intraoperative
factors are associated with internal rotation of the femoral
component in TKA using the gap balancing technique? (2)
To what degree does femoral component rotation as
defined by the navigation system differ from rotation as
measured by postoperative CT?

Methods Three hundred seventy-seven knees that under-
went computer-assisted primary TKA attributable to
degenerative osteoarthritis with varus or mild valgus
alignment in which medial soft tissue release was per-
formed, and those with preoperative radiographs including
preoperative CT between October 2007 and June 2014
were included in the study. To achieve a balanced medi-
olateral gap, the structures released during each medial
release step were as follows: Step 1, deep medial collateral
ligament (MCL); Step 2, superficial MCL (proximal, above
the pes anserine tendon) and semimembranosus tendon;
and Step 3, the superficial MCL (distal, below the pes
anserine tendon). Knees with internal rotation of the
femoral component, which was directed by navigation, to
achieve a rectangular mediolateral flexion gap were con-
sidered cases, and knees without internally rotated femoral
components were considered controls. Univariable analysis
of the variables (age, sex, BMI, operated side, preoperative
hip-knee-ankle angle, preoperative medial proximal tibial
angle, preoperative rotation degree of the clinical
transepicondylar axis [TEA] relative to the posterior
condylar axis [PCA], coronal angle of resected tibia,
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resection of the posterior cruciate ligament, type of pros-
thesis, and extent of medial release) of cases and controls
was performed, followed by a multivariable logistic
regression analysis on those factors where p equals 0.15 or
less. For an evaluation of navigation error, 88 knees that
underwent postoperative CT were analyzed. Postoperative
CT scans were obtained for patients with unexplained pain
or stiffness after the operations. Using the paired t-test and
Pearson’s correlation analysis, the postoperative TEA-
PCA measured with postoperative CT was compared with
theoretical TEA-PCA, which was calculated with preop-
erative TEA—PCA and actual femoral component rotation
checked by the navigation system.

Results  After controlling for a relevant confounding
variable such as postoperative hip-knee-ankle angle, we
found that the extent of medial release (Step 1 as reference;
Step 2: odds ratio [OR], 5.7, [95% CI, 2.2—-15]; Step 3: OR,
22, [95% CI, 7.8-62], p < 0.001) was the only factor we
identified that was associated with internal rotation of the
femoral component. With the numbers available, we found
no difference between the mean theoretical postoperative
TEA-PCA and the postoperative TEA-PCA measured
using postoperative CT (4.8° £+ 2.7° versus 5.0° £ 2.3%;
mean difference, 0.2° £ 1.5% p = 0.160).

Conclusions Extent of medial release was the only factor
we identified that was associated with internal rotation of
the femoral component in gap-balancing TKA. To avoid
internal rotation of the femoral component, we recommend
a carefully subdivided medial-releasing technique, espe-
cially for the superficial MCL because once the superficial
MCL has been completely released it cannot easily be
restored.

Level of Evidence Level 111, therapeutic study.

Introduction

To achieve normal kinetic function of the knee, balanced
flexion gap, and appropriate patellar tracking, rotation of
the femoral component during TKA has been emphasized
[30, 36-39]. There are two methods to determine femoral
component rotation in the axial plane: the measured
resection technique using the bony landmark and the gap
balancing technique [8, 10, 11, 16]. The transepicondylar
axis (TEA), AP axis, and posterior condylar axis (PCA),
which are references used during the measured resection
technique, are widely accepted and used [16, 19]. Advo-
cates of the gap balancing technique are concerned with
low reproducibility and reliability of the bony landmarks
for the measured resection [11, 20, 22].

However, a surgeon using the gap balancing technique-
based TKA occasionally might encounter excessive
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internal rotation of the femoral component, which can
cause postoperative patellofemoral complications, and
should be avoided [14, 36]. With the gap balancing tech-
nique, excessive medial release and varus proximal tibial
resection can be associated with internal rotation of the
femoral component (Fig. 1) [6, 8, 11, 14, 18, 25, 38].
Although a rectangular flexion gap can be achieved in these
circumstances, resultant kinematic alignment of the distal
femur may be abnormal, especially in the patellofemoral
joint. Previous studies have evaluated the factors associated
with femoral component rotational alignment with a sep-
arate factor analysis using unadjusted statistical methods
[6, 11, 14, 25]. However, without controlling for relevant
confounding variables such as extent of medial release,
varus proximal tibial resection, and mechanical varus
alignment of the knee, it is difficult to identify the strengths
of the associations between the factors of interest and
femoral component rotation, or whether some of the
observed associations were the result of confounding
variables.

In the current study we asked: (1) What pre- and intra-
operative factors are independently associated with internal
rotation of the femoral component in TKA using the gap
balancing technique? (2) To what degree does femoral
component rotation as defined by the navigation system
differ from rotation as measured by a postoperative CT?

Patients and Methods

Between October 2007 and June 2014, we performed 712
primary TKAs. During that time, 655 knees underwent
primary TKA with navigation (92.0%) (Fig. 2). In all
cases, primary TKAs were performed with navigation,
except when the navigation system was malfunctioning or
unavailable. Inclusion criteria were as follows: the knees
with symptomatic degenerative osteoarthritis receiving
primary TKA using gap balancing technique-based navi-
gation; varus or mild valgus aligned knees that require
medial soft tissue release; and preoperative radiographs
including CT. Preoperative CT was performed to identify
the original rotational alignment of the femur and tibia. For
61 knees, preoperative CT was declined by the patients,
therefore CT was not performed in those patients’ knees. In
10 knees, preoperative CT was insufficient for evaluation
and these were excluded from the study (Fig. 2). All pro-
cedures were performed by the senior author (H-CL). The
patients’ medical records and radiographs of their knees
were reviewed retrospectively. Patients without data
regarding computer-assisted surgery, patients who under-
went revision TKA, those with inadequate preoperative
evaluation (radiography and CT), and those with valgus
knees not requiring medial release were excluded. Primary
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Fig. 1A-C The possible causes of an internally rotated femoral
component are shown. (A) In the varus knee, some medial release
frequently is required. Adequate medial release results in a rectan-
gular mediolateral flexion gap, which is parallel to the

October 2007-June 2014
Primary total knee arthroplasty

Excluded (183 knees)

« Inflammatory arthritis (eg, RA) (27 knees)
« Without preoperative CT (57 knees)

« Inappropriate preoperative CT (10 knees)

« Valgus knee without medial release (32 knees)
+ Without I igation (53 knees)

« Without preoperative CT

and computer navigation (4 knees)

712 knees (486 patients)

529 knees

Excluded

. knees in bil

p TKA cases
(152 knees)

Multivariable analysis
377 knees

Excluded

« Without postoperative CT (289 knees)

Postoperative CT analysis
88 knees

Fig. 2 The study flow diagram is shown. RA = rheumatoid arthritis.

TKAs for inflammatory arthritis such as rheumatoid
arthritis also were excluded (Fig. 2). In cases of bilateral
TKAs, only the first surgically treated knee was included.
After application of these criteria, 377 knees were included

W
A

transepicondylar axis. (B) An overly performed medial release will
result in an internally rotated femoral component relative to the
transepicondylar axis. (C) Inadvertent varus resection of the proximal
tibia will cause internal rotation of the femoral component.

for our first research question regarding univariable and
multivariable analysis of femoral component internal
rotation (Table 1).

According to femoral component rotation directed by
the navigation system to achieve a rectangular flexion gap,
the entire cohort was divided in two groups: one group with
an internally rotated femoral component (Group IR, cases)
and one group with a neutrally or an externally rotated
femoral component (Group non-IR, controls). To analyze
what degree femoral component rotation, as defined by the
navigation system, differs from rotation as measured by
postoperative CT, a total of 88 knees were included.
Postoperative CTs were performed in 88 patients (131
knees) with unexplained pain or stiffness after surgery to
identify malrotation of the components. In bilateral TKAs,
the first 43 knees that underwent TKA were selected. The
88 knees included seemed representative of the larger
population in that the variables we analyzed (Table 1) were
not different in those of the entire population (377 knees)
(Appendix 1. Supplemental material is available with the
online version of CORR™).

@ Springer
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Table 1. Case summary (n = 377)

Variables

Mean + SD (range) or frequency

Age (years)

Sex (male:female)

BMI (kg/m?)

Surgically treated side (right:left)

Preoperative hip-knee-ankle angle (°; positive value, varus)
Preoperative medial proximal tibial angle (°)

Preoperative transepicondylar axis—posterior condylar axis"
(°; positive value, external rotation)

PCL resection (yes:no)

Type of prosthesis (e. motion®: Columbus™: e. motion®™
Pro; all from B. Braun Aesculap®™, Tuttlingen, Germany)

Coronal angle of the resected tibia (% positive value, varus resection of the tibia)

Extent of the medial release (Step 1:Step 2:Step 3)

Femoral component rotation recommended to obtain the rectangular

69 %+ 6.3 (50-90)
43:334

25 + 2.1 (20.7-31)
185:192

9.7 + 5.8 (—4.8 to 29)
84.4 & 3.5 (71-96)
5.8 4+ 2.5 (0-13)

146:231
233:81:63

—0.0 £ 0.8 (=2 to 2)
218:119:40
L1£19(=5t7)

flexion gap during femoral planning step* (°; positive value, external rotation)

Femoral component rotation measured by the AP femoral cutting jigT (°; positive value, external rotation) 1.1 & 1.9 (—4 to 8)

Postoperative hip-knee-ankle angle (°; positive value, varus)

1.5 £ 2.4 (=5.1 to 9.0)

*Using CT, the rotational angle of the clinical epicondylar axis relative to the posterior condylar axis was measured; Tvalues were acquired from

navigation data.

The current study was approved by the ethics committee
of Korea University Guro Hospital (institutional review
board approval number: KUGH14148).

The standard medial parapatellar approach was used.
After exposing the knee, medial osteophytes were removed
and tibial insertions of the deep medial collateral ligament
(MCL) and posterior oblique ligament were released along
the medial meniscus, 3 to 5 mm below the medial joint
line. Further steps of medial release, if performed, are
described later. A computer navigation system (OrthoPi-
lot™ navigation system; B. Braun Aesculap®™, Tuttlingen,
Germany) was used. Gap balancing-based computer navi-
gation was used for primary TKA. Resection of the tibia
was performed before femoral resection. Detailed surgical
steps and manipulation of the navigation system were
performed as recommended by the manufacturer. The
prostheses implanted, e.motion™ (233 knees), Columbus®
(81 knees), and e.motion™ Pro (63 knees) (B. Braun Aes-
culap®™), varied according to time when the TKA was
performed. The first implant was used for the first 47
months of the study, and the second implant was used for
the next 19 months. The last implant was used for the final
14 months of the study. The types of implants were
determined according to the condition of the PCL and the
feasibility of a balanced extension-flexion gap. For exam-
ple, we used a PCL-substituting implant when the PCL
showed severe degeneration or laxity, or when the flexion
gap was too tight compared with the extension gap. A
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cruciate retaining type was used in 231 knees (61%), and
posterior substituting type was used in 146 knees (39%).

After registration of the bony landmarks, the proximal
tibial resection was performed (Fig. 3). The varus-valgus
angle of the resected tibia was checked (Fig. 3A). After
proximal tibial resection, extension and flexion gaps were
measured using a gap tensioning device. If it was decided
that the PCL should be resected because of its consistency
and the chosen implant, then resection was performed
before gap measurement. With these gap data, the femoral
resection planning step was performed (Fig. 3B). To obtain
a rectangular space for the extension and flexion gaps,
greater than 2 mm mediolateral asymmetry was not per-
mitted according to our navigation data. When further
medial release (mediolateral asymmetry > 2 mm) was
needed according to the navigation gap data, stepwise
medial release was performed as follows: Step 1, removal
of medial osteophytes and release of tibial insertions of the
deep MCL and posterior oblique ligament (this step was
performed before the initial femoral planning step); Step 2,
partial release of the tibial insertion of the superficial MCL
above the level of the pes anserine tendon and direct arm of
the semimembranosus tendon; and Step 3, near complete
release of the tibial insertion of the superficial MCL below
the level of the pes anserine tendon (Fig.4)
[3, 23, 24, 31, 39]. In the case of multiple medial release
steps, gap checking and femoral planning were repeated
before the femoral AP resection.



Volume 475, Number 8, August 2017

Femoral Internal Rotation in TKA 2003

Fig. 3A-C Important naviga-
tion procedures are shown. (A)
After registration of bony land-
marks and hip, knee, and ankle
centers, the proximal tibial
resection was performed.
Varus-valgus angle of the
resected tibia was checked (as-
terisk). (B) In the femoral
planning step, to achieve a rect-
angular mediolateral gap in
knee extension and flexion,
varus-valgus angle and rotation
(dagger) of the femoral compo-
nent are adjusted  with
navigation dictation. The num-
bers displayed next to femurs
and tibias represent expected
amounts of bone resection. (C)
After distal femoral resection,
the rotational position of the AP
femoral cutting jig on the distal
femur (double dagger), which is
positioned manually, is dis-
played in real time. This
represents actual femoral com-
ponent rotation. In this case, the
femoral component is in 2°
external rotation relative to the
posterior condylar axis. Green =
this value is as planned; Ext. =
extension.

Orthopot TKA v4.4 Tibia Frst With St Tssue Management

w w
- Tibia » Plate

e.motion 1Q active

0.0 mm
Record Tibia Cut

» Pointer
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Editor

Femoral Planning
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Proximal insertion)

Superficial MCL

(Distal insertion)

Fig. 4 The medial release steps are shown. Removal of medial
osteophytes and release of tibial insertions of the deep MCL and
posterior oblique ligament are performed in Step 1. If further medial
release was required, the proximal insertion of the superficial MCL
(above the pes anserine tendon) and anterior arm of the semimem-
branosus were released (Step 2). In the final step, Step 3, the distal
insertion of the superficial MCL (below pes anserine tendon) was
released. MCL = medial collateral ligament.

In addition to medial and lateral gaps of extension and
flexion, femoral component rotation directed by the com-
puter was recorded when the symmetric mediolateral space
was achieved (Fig. 3B). The navigation system used in the
current study measures rotation of the femoral component
based on the PCA. According to the planned femoral
component rotation, the entire cohort was divided into
cases and controls. As planned in this step, distal, anterior,
and posterior femoral resections were performed. However,
there can be a slight difference between the planned
femoral component rotation and actual rotational position
of the femoral cutting jig owing to possible error during
manual placement of the jig. Therefore, jig rotation mea-
sured just before AP resection of the femur was recorded
(actual femoral component rotation) (Fig. 3C).

Using standing AP and lateral radiographs, pre- and
postoperative hip-knee-ankle angle and preoperative
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medial proximal tibial angle were measured. A positive pes
anserine tendon value indicates a varus knee. Using the
preoperative CT of the knee, the amount of rotation of the
clinical TEA relative to the PCA (TEA-PCA) was mea-
sured (Fig. 5A) [38]. A positive TEA-PCA value indicates
external rotation of the TEA relative to the PCA. Postop-
erative CT was performed in 88 knees (Fig. 5B). All
postoperative radiologic evaluations were performed 1 to 2
weeks after surgery. In these knees, postoperative TEA—
PCA, which was measured using CT, was compared with
the theoretical postoperative TEA-PCA. Theoretical post-
operative TEA-PCA was calculated as: preoperative TEA—
PCA minus actual femoral component rotation (Fig. 5C).
For example, with 5° external rotation for preoperative
TEA-PCA and 2° external rotation for actual femoral
component rotation, the theoretical postoperative TEA—
PCA is 3° of external rotation. If the theoretical postop-
erative TEA-PCA is significantly different from the
postoperative  TEA-PCA, which was measured using
postoperative CT, then this indicates an error during the
navigation procedure. Compared with postoperative TEA—
PCA, theoretical postoperative TEA-PCA not within a
tolerance level of =+ 3° was considered an outlier
[13, 26, 29, 41]. All radiologic measurements were per-
formed twice during a 2-week period by two orthopaedic
surgeons (SYL and KMJ).

Statistical Analysis

The reliability of radiologic measurements was evaluated
using intraclass correlation coefficients (ICCs) [1]. Com-
parisons of gaps and their changes according to each
compartment and extension-flexion were performed using
one-way ANOVA testing followed by Tukey’s post hoc
test. The differences in these analyses were considered
significant at a probability of 0.05 or less.

The variables of Group IR and Group non-IR were
compared using an independent t-test, Fisher’s exact test,
and linear-by-linear association analysis. Cases were
defined as having internal rotation of the planned femoral
component rotation. Univariable analysis of the variables
(age, sex, BMI, surgically treated side, preoperative hip-
knee-ankle angle, preoperative medial proximal tibial
angle, preoperative TEA-PCA, PCL resection, type of
prosthesis, coronal angle of the resected tibia, and extent of
medial release) of cases (Group IR) and controls (Group
non-IR) was performed. Only covariates with a resulting p
value of 0.15 or less were included in the backward step-
wise multivariable logistic regression analysis. The number
of cases (Group IR) in the current study was 39 (preva-
lence, 10.3%); two variables were included in the
multivariable logistic regression analysis. The required
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Fig. SA—C Comparisons between
the theoretical postoperative
TEA-PCA and postoperative
TEA-PCA  measured using
postoperative CT are shown.
(A) Preoperative TEA-PCA is
measured using preoperative
CT, and (B) postoperative
TEA-PCA is measured using
postoperative CT. (C) Theoret-
ical postoperative TEA-PCA is
calculated by subtracting the
preoperative  TEA-PCA from
the rotational position of the
AP femoral cutting jig on the
distal femur (actual femoral
component rotation [F-Rot];
Fig. 3C). For example, with 5°
external rotation for preopera-
tive TEA-PCA and 2° external
rotation for actual femoral com-
ponent rotation, the theoretical
postoperative TEA-PCA is 3°
external rotation. If the theoret-
ical postoperative TEA-PCA is
significantly different using the
postoperative TEA-PCA, which
was measured using postopera-
tive CT, then this indicates an
error during the navigation pro-
cedure. TEA = transepicondylar
axis; PCA = posterior condylar
axis; Ext. = extension.

[Preoperative TEA — PCA] - [actual F-Rot]

= [Theoretical postoperative TEA — PCA] <«

sample size was approximately 194 (2 x 10/0.103) [35].
Regarding multicollinearity between the variables included
in the multivariable analysis, a variance inflation factor
greater than 5 was considered indicative of collinearity
[15]. To analyze the navigation error in the axial plane,
theoretical postoperative TEA-PCA and postoperative
TEA-PCA measured using postoperative CT were com-
pared using the paired t-test and Pearson’s correlation
analysis. A probability of 0.05 or less indicated signifi-
cance. Statistical analyses were performed using SPSS,
Version 20.0 (IBM Corp, Armonk, NY, USA).

All inter- and intraobserver ICCs showed excellent
agreement regarding radiographic measurement reliability
(Table 2). As progressively larger releases were performed,
we found the medial gaps in the flexed knee increased more
than the medial gap in the extended knee, which was
greater than the lateral gaps in the flexed or extended knee
(Table 3). In the demographic comparison between two
groups, the mean planned femoral component rotation of
Group IR and Group non-IR were —2.0° £ 1.1° and 1.
4° + 1. 6°, respectively. The preoperative hip-knee-ankle
angle of Group IR was greater than that of Group non-IR.

[Postoperative TEA — PCA]

The proportions of the larger medial release steps (Steps 2
and 3) were higher in Group IR than Group non-IR
(Table 4). Univariable factor analysis showed that the
preoperative hip-knee-ankle angle (odds ratio [OR], 1.1;
95% CI, 1.0-1.1; p = 0.037) and extent of medial release
(Step 1 as reference; Step 2: OR, 5.9, [95% CI, 2.3-15];
Step 3: OR, 23, [95% CI, 8.4-66], p < 0.001) were selected
for multivariable analysis (p < 0.15) (Table 5).

Results

After controlling for relevant confounding variables such
as the preoperative hip-knee-ankle angle, preoperative
TEA-PCA, and coronal angle of the resected tibia, we
found that the extent of medial release (Step 1 as reference;
Step 2: OR, 5.7, [95% CI, 2.2-15); Step 3: OR, 22, [95%
CI, 7.8-62], p < 0.001) was the only factor we identified
that was associated with internal rotation of the femoral
component (Table 6). All variance inflation factors of these
covariates showed values less than 5, which indicates that
there is no serious multicollinearity between the covariates.
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Table 2. Intraclass correlation coefficients for radiologic evaluations

Postoperative hip-
knee-ankle angle

Preoperative medial
proximal tibial angle

Preoperative
TEA-PCA

Postoperative TEA-PCA

Observer Preoperative hip-
knee-ankle angle

Interobserver

ICC (95% CI) 0.984 (0.962-0.993)

Observer 1

ICC (95% CI) 0.995 (0.987-0.998)

Observer 2

ICC (95% CI)  0.993 (0.983-0.997)

0.953 (0.888-0.980)

0.984 (0.963-0.993)

0.903 (0.772-0.959)

0.848 (0.641-0.935)

0.925 (0.824-0.968)

0.820 (0.575-0.923)

0.807 (0.546-0.918)

0.875 (0.704-0.947)

0.837 (0.617-0.931)

0.822 (0.580-0.924)

0.855 (0.658-0.939)

0.813 (0.558-0.920)

ICC = intraclass correlation coefficient; TEA = transepicondylar axis; PCA = posterior condylar axis.

Table 3. Comparisons of gaps and their changes according to each compartment and extension-flexion (n = 377)

Step Knee extension Knee flexion
Release step (mm, mean £ SD) Medial Lateral Medial Lateral
1 9.0 £ 25 11 +£23 92 +£27 114 £ 2.8
2 9.6 +23 11 £ 2.1 10 £ 2.8 119 £ 24
3 12 +£2.0 12 +£22 12 £ 2.7 119 £22
p Value” < 0.001 0.217 < 0.001 0.095
Post hoc analysis (p valueT)
Step 1 vs 2 0.045 0.786 < 0.001 0.109
Step 2 vs 3 0.016 0.421 0.006 1.000
Step 1 vs 3 < 0.001 0.202 < 0.001 0.493
Gap change (mm, mean £ SD)
Steps 1 and 2* 1.6 £ 15 06 £12 23+£19 0915
Steps 2 and 3* 16+ 14 02 +£038 2.8 £2.1 04+12

*Compartment gaps according to release steps were analyzed with the one-way ANOVA; *Tukey’s post hoc tests were performed to compare
two different medial release steps; *between Steps 1 and 2, gap changes in the four compartments showed significant differences (p < 0.001; one-
way ANOVA); *between Steps 2 and 3, gap changes in the four compartments showed significant differences (p < 0.001; one-way ANOVA).
Tukey’s post hoc test showed a significant difference between the two different compartments, except between the lateral compartment in knee

extension and in knee flexion.

With the numbers available, we found no difference
between the mean theoretical postoperative TEA-PCA and
the postoperative TEA-PCA measured using postoperative
CT (4.8° £ 2.7° versus 5.0° & 2.3°; mean difference, 0.2°
£ 1.5% p = 0.160). There was a strong positive correlation
between the theoretical and postoperative values of TEA—
PCA (r = 0.838; p < 0.001), meaning that as theoretical
TEA-PCA increased, so did postoperative TEA-PCA.
Among the 88 knees, only three (3.4%) showed a differ-
ence exceeding + 3° for the theoretical and actual
postoperative TEA-PCA values.

Discussion
Because excessive internal rotation of the femoral com-

ponent can be associated with patellofemoral tilt,
subluxation, and dislocation, it is important to achieve
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correct rotational alignment of the femoral component
[14, 36]. Although studies identified several factors, such
as excessive medial release and varus proximal tibial
resection, that were associated with femoral component
internal rotation during gap balancing technique-based
TKA, the studies evaluated the factors using unadjusted
statistical methods [6, 11, 14, 25]. Because this approach
does not take into account the influence of possible con-
founding variables, simple comparisons without
adjustment of this sort are potentially misleading. To
overcome this problem, we performed multivariable anal-
ysis, controlling for relevant confounding variables such as
extent of medial release, varus proximal tibial resection,
and mechanical varus alignment of the knee. The most-
important finding of the current study is that the extent of
medial release is the only factor we identified that was
associated with internal rotation of the femoral component
in TKAs performed using the gap balancing technique. We
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Table 4. Comparison according to femoral component rotation directed by the navigation system to obtain a rectangular mediolateral flexion

gap
Variables Group non-IR Group IR (n = 39) p Value
(n =338)
Age” (years) 69 + 6.4 67 +59 0.185"
Sex (male:female) 39:299 4:35 0.812¢
BMI" (kg/m?) 25 + 2.1 25 +£2.1 0.249%
Surgically treated side (right:left) 169 : 169 16 : 23 0.288%
Preoperative kip-knee-ankle angle* (°; positive value, varus) 9.5 +£5.7 11.6 £ 6.0 0.036"
Preoperative medioproximal tibial angle” (°) 84 + 3.5 84 £ 3.5 0.850°
Preoperative TEA-PCA™ (°; positive value, external rotation) 59+£25 54+£25 0.289"
PCL resection (yes:no) 132:206 14:25 0.702%
Type of prosthesis (e. motion™:Columbus®:e. motion® Pro; all from 205:75:58 28:6:5 0.231%
B. Braun Aesculap®, Tuttlingen, Germany)
Coronal angle of the resected tibia™ I o, positive value, varus resection of the tibia) —-0.0 £ 0.8 0.1 £0.7 03517
Extent of the medial release (Step 1:Step 2:Step 3) 212:102:24 6:17:16 <0.001%
Femoral component rotation recommended to obtain the rectangular 14+ 1.6 —2.0+£ 1.1 <0.0017
flexion gap*’ I (planned femoral component rotation) (°; positive value,
external rotation)
Femoral component rotation measured by the AP femoral cutting jig"™ 14 £ 1.7 —-19+1.0 < 0.0017
I (actual femoral component rotation) (°; positive value, external rotation)
Postoperative hip-knee-ankle angle” (°; positive value, varus) 1.5+24 1.1 £23 03117

IR = internal rotation; TEA = transepicondylar axis; PCA = posterior condylar axis; *values given as the mean £ SD; Tp values were calculated
using independent t-tests; ¥p values were calculated using Fisher’s exact tests; p values were determined with the linear-by-linear association

analysis; Ivalues were acquired from navigation data.

found that a near-complete release of the superficial MCL
tibial insertion below the level of the pes anserine tendon
was consistently associated with internal rotation of the
femoral component. Once complete release of the super-
ficial MCL has been performed, it cannot be undone to
overcome internal rotation of the femoral component,
therefore a carefully subdivided medial-releasing tech-
nique, particularly for the superficial MCL seems important
to prevent internal rotation of the femoral component.
Calculating with femoral rotation profiles of navigation
records, preoperative and postoperative CT, errors during
navigation referencing were not suspected.

Our study has several limitations. The first is patient
selection. Although we tried to use navigation whenever
possible except when the system was not working or
available, there may be selection bias owing to the patients
who did not receive this technology. For the second
question of the current study, only a limited number of
patients underwent postoperative CT. Although these
patients were not substantially different from the entire
population, patients who had postoperative CT underwent
additional imaging because of unexplained pain or stiffness
after the arthroplasty. We could not ethically perform
postoperative CT in all patients, therefore we limited it to
patients with a notable problem, and an accurate rotation
profile was needed. With this limited number of cases, we

could not integrate the navigation accuracy to the covariate
of multivariable analysis. Second, there could be some
overlap among the medial release steps because there is no
definite boundary between medial soft tissue structures.
However, this possibility seems to be minimal because the
medial release technique used in our study was simplified
to three steps compared with that used in previous studies
[17, 31]. Although there are numerous medial release
techniques that differ in sequence and structures released,
Hunt et al. [17] noted that there is a lack of evidence
supporting current methods. Furthermore, it is difficult to
distinguish each medial fiber structure during surgery,
therefore alternative medial release methods other than the
traditional medial subperiosteal release technique have
been proposed [2, 33]. In addition, preoperative medial
ligamentous laxity or contracture, which can affect medial
gaps, was not evaluated. Third, there could be another
selection bias in type of implant and in PCL resec-
tion. Although both covariates showed little association
with femoral component internal rotation in our analysis,
the decision regarding PCL resection and implant type
were made by the surgeon subjectively, and by time
sequence (the implants were used sequentially during a
period of years), respectively. Future randomized studies of
these covariates may be required to decrease the issue of
selection bias.
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Table 5. Univariable analysis* of factors associated with femoral component internal rotation directed by the navigation system to obtain a

rectangular mediolateral flexion gap (n = 377)

Factor Odds ratio 95% CI p Value
Age 1.0 0.9-1.0 0.185
Sex 0.812
Male (reference)
Female 1.1 04-34
BMI 0.9 0.8-1.1 0.249
Surgically treated side 0.290
Right (reference)
Left 14 0.7-2.8
Preoperative hip-knee-ankle angle 1.1 1.0-1.1 0.037°
Preoperative medial proximal tibial angle 1.0 0.9-1.1 0.850
Preoperative TEA-PCA 0.9 0.8-1.1 0.289
PCL resection 0.702
No (reference)
Yes 0.9 0.44-1.7
Type of prosthesis 0.403
e. motion®™ (reference)
Columbus® 0.6 0.2-1.5
e. motion®™ Pro 0.6 0.2-1.7
Coronal angle of the resected tibia 1.2 0.8-1.9 0.350
Extent of the medial release <0.0017
Step 1 (reference)
Step 2 5.9 2.3-15
Step 3 24 8.4- 66

TEA = transepicondylar axis; PCA = posterior condylar axis; all prostheses from B. Braun Aesculap®™, Tuttlingen, Germany; *using
univariable analysis, only covariates with resulting p value less than 0.15 were included in the backward stepwise multivariable logistic

regression analysis; f

covariates with a p less than 0.15 were included in multivariable analysis.

Table 6. Multivariable analysis* of factors associated with femoral component internal rotation

Factor Odds ratio 95% C1 p Value
Preoperative hip-knee-ankle angle 1.0 1.0-1.1 0.205
Extent of the medial release < 0.001

Step 1 (reference)

Step 2 5.7 2.2-5

Step 3 22 7.8-62

*Using multivariable analysis, covariates with a resulting p value less than 0.05 were considered significant.

Numerous studies have shown a relationship between
medial release and increment of the medial tibiofemoral
gap [5, 6, 21, 27, 31, 42]. In the current study, gap incre-
ment according to each compartment showed that the
medial flexion gap was the most-increased compartment,
followed by the medial extension gap, as a progressively
larger release was done. This finding was consistent with
those of previous studies [5, 28, 43]. Excessive internal or
external rotation of the femoral component could happen
during the gap balancing technique, which uses the tibial

@ Springer

cut surface as a reference for femoral component rotation
[11, 14, 25, 32, 34, 38]. Too much release of the medial
structures may result in symptomatic instability, use of
very thick polyethylene bearings, or even constrained
implants to address the excessive medial gap [40]. Thicker
polyethylene bearings and constrained implants are asso-
ciated with a higher risk of loosening and joint-line
elevation [4, 39, 40]. In addition, uneven load distribution
and early wear on the bearing could result [12]. Heester-
beek et al. [14] indicated that excessive medial release may
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cause less external rotation of the femoral component.
However, they used a gap tensioning device and
goniometer, which may be less precise than the navigation
system we used, and their study included only 32 knees
with medial releases. Although Christensen et al. [6]
showed more medial release results with less external
rotation of the femoral component, no detailed gap data
corresponding to each release step were provided in their
report, and in their study, soft tissue release was the only
variable considered to affect the femoral component rota-
tion. Dennis et al. [11] noted that excessive varus tibial
resection greater than 3° is one factor associated with an
internally implanted femoral component in TKA with the
gap balancing technique. In the current study, the coronal
angle (varus—valgus) of the resected tibia did not seem to
be associated with internal rotation of the femoral com-
ponent. The mean coronal angle of the resected tibia was
almost neutral, and there were no outliers exceeding + 3°
[13, 26, 29, 41]. This may be because of the small vari-
ability in the coronal angle of the resected tibia. We suspect
that excessive varus tibial resections are not common, with
or without computer assistance [8, 31, 39, 42].

In the current study, navigation data regarding femoral
component rotational alignment showed high accuracy
compared with that of expected rotational alignment of the
femoral component measured by pre- and postoperative CT
scans. This finding is consistent with those of previous
studies [13, 41]. However, those studies were based on the
comparison between conventional and navigated TKAs. In
those studies, although numerous outliers were consistently
smaller in the navigated group than in the conventional
group, it is difficult to conclude that intraoperative navi-
gation data were accurate when compared with expected
rotational profile measure with pre- and postoperative CT
scans. Two recent studies compared the rotational profile of
navigation data with that of postoperative CT, which was
similar to our method [7, 44]. However, Dahabreh et al. [7]
reported that mismatch exceeding 3° between postopera-
tive CT and navigation measurements was 22%, which was
larger than ours (3.4%). We suspect that difference
between the two studies occurred because they used the
measured resection-based navigation TKA (medial and
lateral epicondylar referencing), which was different from
ours (gap balancing-based technique, the most anterior and
posterior points of the femur referencing). Dahabreh et al.
[7] stated that landmark (medial and lateral epicondyles)
registration errors are possible. This is indirect evidence of
low reproducibility and reliability of bony landmarks for
the measured resection, which others have commented on
[9, 11, 20, 22]. In addition, the number of cases in the study
of Zambianchi et al. [44] was relatively small.

After considering preoperative coronal and axial align-
ment, PCL resection, coronal angle of the resected tibia,

and extent of the medial release as possible associated
factors, the extent of the medial release was the only factor
we found that was associated with internal rotation of the
femoral component in a gap balancing TKA. To avoid
internal rotation of the femoral component, we recommend
a carefully subdivided medial-releasing technique, espe-
cially for the superficial MCL, because once the superficial
MCL has been completely released it cannot easily be
restored. Further studies on safe and reproducible medial
release techniques are needed.
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