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Abstract

Purpose To investigate whether cartilage thickness in the
lateral femoral posterior condyle affects the femoral rotation
angles on navigation and clinical outcomes of navigation-
assisted total knee arthroplasty (TKA).

Methods This is a prospective randomized study of navi-
gation-assisted TKA. Fifty cases underwent TKA without
removal of the lateral posterior femoral cartilage (Group 1),
and 56 cases underwent TKA with removal of the lateral
posterior femoral cartilage (Group 2). The femoral rotation
was evaluated using CT and compared with navigation val-
ues. The angle between the clinical transepicondylar axis
and posterior condylar axis measured on CT was defined as
the femoral rotation angle on CT. Elevation of the joint line
and patellar measurements were also evaluated.

Results The clinical outcomes were not statistically dif-
ferent in the two groups. The radiographic measurements
were not statistically different except femoral rotation
angle on navigation. The mean femoral rotation angle of
navigation was 4.0° + 2.2° without cartilage removal and
5.1° + 2.5° with cartilage removal. The reliability and
validity were high between the femoral rotation angle on
navigation in the cartilage removal group and that on CT,
but there were no differences in clinical outcomes between
the two groups.
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Conclusion There was little effect of navigation-assisted
TKA on radiographic and clinical outcomes, although femo-
ral rotational differences were caused by the lateral femoral
posterior condylar cartilage. Although the rotational differ-
ences due to cartilage would be within the clinical safety
margin, surgeons should consider that difference during
TKA.

Level of evidence
masking), Level II.

Lower quality randomized trial (no

Keywords Total knee arthroplasty - Femoral component
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Introduction

Rotational alignment of the femoral component in total
knee arthroplasty (TKA) affects patellofemoral and tibi-
ofemoral knee kinematics [6, 18-20, 23]. Femoral com-
ponent mal-rotation is a common cause of pain after TKA
and negatively affects clinical outcome [3, 6, 17-19, 22,
23, 32]. For that reason, many methods have been devel-
oped to measure femoral component rotation. Traditional
methods for determining the proper rotational alignment of
the femoral component in TKA include the Whiteside line
[43], surgical or clinical transepicondylar axis [28, 36, 44,
45], 3° external rotation of the posterior femoral condyles
[26], and the gap balancing technique [37]. However, con-
troversies remain over which axis should be used to deter-
mine the correct rotational alignment of TKA. To establish
the precise femoral component rotation on an individual
basis, some surgeons advocated preoperative TKA plan-
ning on computerized tomography (CT) [1, 2, 4, 39-41]
or MRI [12, 29, 38].


http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-017-4662-z&domain=pdf

Knee Surg Sports Traumatol Arthrosc (2017) 25:3576-3584

3577

Recently, navigation-assisted systems have been devel-
oped and showed more precise alignment of the components
in comparison with conventional methods [7, 8, 44]. With
regard to femoral component rotation, controversies remain
on whether navigation systems are a more reliable tool to
establish precise femoral rotational alignment compared to
conventional techniques [24, 30, 44].

In addition to these problems of practical implementation,
there is still lack of consensus concerning the correct com-
ponent rotation; therefore, many methods have been used
to determine the preoperative femoral component rotation,
although each of them has limitations. In CT, there could
be errors because it could not detect the cartilage status on
posterior femoral condyles [4, 38]. MRI could be used to
evaluate the cartilage of posterior femoral condyles, but
this has not yet been fully validated and is difficult to per-
form preoperatively for TKA due to cost [12, 29, 35, 38]. If
navigation-assisted TKAs were performed, the instrument
for identifying the anatomical landmark would be placed on
the cartilage of the posterior femoral condyles, which could
affect the femoral component rotation angle for cartilage
that is or is not intact. A number of studies have evaluated
the differences of rotation angle with or without cartilage
in the radiologic point of view [1, 2, 12, 33, 40], but few
comparisons have been made of a navigation-assisted meas-
ured resection in TKA before and after removal of femoral
cartilage in the surgical field [13].

The purpose of this study is to investigate whether dif-
ferences in cartilage thickness on lateral femoral posterior
condyles affect the femoral component rotation angle meas-
ured in a navigation system and the femoral rotational angles
in navigation before and after removing the lateral femoral
posterior cartilage would be validated with CT-measured
rotational angle. It is hypothesized that the clinical and radi-
ologic outcomes would be affected if the cartilage thickness
causes differences in femoral component rotation especially
when using the navigation system, and that the femoral com-
ponent rotation angle in navigation after removing the rem-
nant cartilage would be validated with CT-measured rotation
angle.

Materials and methods

This is a prospective randomized study of patients who
underwent navigation-assisted TKA with a minimum of
5 years of follow-up. A total of 145 patients who underwent
primary fixed bearing posterior stabilized (PS) TKA (Aes-
culap, Tuttlingen, Germany) using the OrthoPilot navigation
system were enrolled in this study. The inclusion criteria
were osteoarthritis (OA) cases with varus only. The varus/
valgus alignment was assessed by the mechanical axes of
the femur and tibia in an entire standing leg radiograph.

The exclusion criteria were as follows: valgus knees, pre-
vious surgery history, bony defects, a flexion contracture
greater than 30°, or cases in which femoral epicondyles
could not be precisely visualized on the CT images due to
spurs or deformities. Cases with no relatively intact lateral
femoral posterior cartilage intraoperatively (over ICRS gr 2)
were also excluded to reduce bias. Thirty-nine cases were
excluded on the basis of the exclusion criteria because these
factors can interfere with the results of navigation-assisted
TKAs.

After applying the exclusion criteria, 106 cases were
enrolled in this study. In all cases, the femoral component
rotation angle was measured by a navigation system with-
out removal of lateral posterior femoral cartilage and then
again after removal of lateral posterior femoral cartilage. After
measurement of femoral component rotation with or without
removal of cartilage, the patients were divided into two groups
randomly with a computer-generated random number table.
Among them, 50 cases were underwent TKA using the femo-
ral component rotation angle without removal of the lateral
posterior femoral cartilage (Group 1), and 56 cases under-
went TKA using the femoral component rotation angle with
removal of the lateral posterior femoral cartilage (Group 2)
(Fig. 1). Patient demographics are summarized in Table 1.

To compare the outcomes of the two groups, serial
postoperative evaluations were performed at 1, 3, 6 and
12 months and every 12 months thereafter. Preoperative and
postoperative scores were obtained using the Knee Society
knee and functional Score (KSS), Hospital for Special Sur-
gery (HSS) scores, Western Ontario and McMaster Univer-
sities (WOMAC) scores, and the patellofemoral (PF) scor-
ing system of Feller et al. [10] Because inadequate femoral
component rotation could influence patellar alignment and
induce anterior knee pain, patella-associated pain score was
also compared between the groups.

Radiographic analysis

Preoperative radiographic measurements of femoral rotation
were performed using CT with 1.2-mm-thick sections. The
distal femoral scan was performed perpendicularly to the
anatomical axis of the femur in 30° flexion position. The
transverse images through the most prominent points of the
medial and lateral femoral epicondyles were used for the
measurements. The transepicondylar axis (TEA) was defined
as a line connecting the most prominent points of the medial
epicondyle and the lateral epicondyle. The posterior con-
dylar axis (PCA) was defined as a line connecting the most
prominent points of the medial and lateral femoral posterior
condyles [24]. The angle between the two axes measured
on the CT images was defined as the preoperative femoral
rotation angle on CT (TEA-PCA) and was compared with
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Fig. 1 Flow chart of this study

the femoral rotation angle determined on navigation with or
without cartilage removal (Fig. 2).

Intraoperatively, the angles of femoral rotation were
recorded by the navigation system based on the registered
anatomical data, without and with removal of lateral pos-
terior femoral condylar cartilage (Fig. 3). The posterior
femoral cartilage was removed to the subchondral bone.

Postoperative evaluation of the femoral component rota-
tion was performed using postoperative CT images evalu-
ated in the same way as preoperative measurement.

The measurements of joint line elevation [27], patellar
tilt angle, and patellar height were performed using post-
operative plain radiograph to evaluate patellar alignment.
The joint line level was defined as the distance from the
distal femoral condyle to the tibial tuberosity in the lateral
radiographs [27].
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All measurements were performed on a PACS (Picture
Archiving and Communications System; General Electric,
Chicago, IL, USA).

Surgical technique

A conventional medial parapatellar approach was performed
with sacrifice of posterior cruciate ligaments [25]. Coro-
nal alignment was accepted within 0°-2° of varus after the
tracker pin was established and initial soft tissue release.
After the distal femoral and proximal tibia bones were cut,
a clinical TEA line was set on the cut surface, and the anter-
oposterior (AP) axis was drawn perpendicular to the TEA
in order to position the probe in the same location when
recoding the anatomical position [28]. The femoral rota-
tional angle measured in this navigation system was the
angle between the anteroposterior (AP) axis and PCA [2, 12,
33, 40]. At this step, to evaluate the effect of lateral femoral
posterior cartilage, the femoral component rotational angle
in navigation was recorded two times, with and without
removal of lateral femoral posterior cartilage, by position-
ing the probe in the same anatomical location. These angles
were compared with the rotation angle of preoperative CT.
After recording, the femoral component rotation angle was
randomly set to that measured in group 1 without posterior
condyle cartilage removal or to that in group with posterior
condyle cartilage removal. After all bone cutting was per-
formed, the prostheses were implanted with cement.

The study was approved by the Institutional Review
Boards of Chung-Ang University Hospital [ID:
C2013213(1173)] and was performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki.

Statistical analysis

Statistical analyses were conducted using SPSS for Win-
dows version 19.0 (SPSS, Chicago, IL, USA) and G*power
analysis (ver 3.1.5).

The mean angles or the rates between the groups were
compared using an independent paired ¢ test, Mann—Whit-
ney test, or Chi-square analysis. The correlations between
the preoperative femoral rotation angles on CT and naviga-
tion in each group were analysed using Pearson’s correla-
tion coefficient. The strength of correlation was indicated
by the correlation coefficient (r) as strong (>0.75), mod-
erate (0.40-0.75), or weak (<0.40). Reliability was estab-
lished using intraclass correlations (ICCs) with a two-way
random effect model, in which absolute agreement, average
measurement, and validity were established by calculating
the standard error of measurement (SEM) and 95% con-
fidence interval (95% CI of SEM = 1.96*SEM) with the
Pearson correlation coefficient value [14, 42]. Additionally,
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Table 1 Patient demographics Group 1 Group 2 p value
Cases 50 56
F/U (year) 6.7+12 6.8 +0.9 n.s
Sex (male/female) 7:43 9:47 n.s
Age 68.5+ 74 70.8 + 8.5 n.s
BMI 27.1+3.1 26.6 +3.4 n.s
ROM 115.5+10.3 112.1 £ 9.6 n.s
KSS scores
KS knee score 36.8 + 18.5 37.1 +20.1 n.s
KS function score 41.0 +20.3 409 + 159 n.s
HSS score 43.6 +11.7 41.5 +10.8 n.s
WOMAC scores
Total 46.2 + 14.5 510+ 155 n.s
Pain 9.2 +3.9 94 +3.5 n.s
Stiffness 5.0+ 1.1 48+12 n.s
Function 38.7 + 16.6 36.2 + 13.1 n.s
Degree of osteoarthritis (Kellgren and Lawrence score) 3.5 +0.33 3.6 £0.27 n.s
Preoperative mechanical femorotibial angle Varus 10.8 +7.1  Varus 11.3+4.6 ns
Cases after exclusion criteria
Valgus knee 2 5.1%
Previous surgery history 8 20.5%
Bony defect 6 15.4%
Flexion contracture of more than 30° 4 10.3%
Inappropriate CT image with spur or deformity 10 25.6%
After intraoperative assessments 9 23.1%
Overall 39 100%

Fig. 2 Femoral rotation angle of the clinical transepicondylar axis

(CTEA) relative to the PCA

Fig. 3 Removal of lateral femoral cartilage using osteotomy

Bland—Altman plots and 95% limits of agreement (95%
LOA) were used to assess the agreement between the
navigation value and preoperative CT value [5]. The Shap-
iro—Wilks test was used to confirm that the measured data
followed a normal distribution at a 0.05 level of significance,
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and an ICC of 0.70 was selected as the minimally acceptable
value for reliability [34, 42].

Test-retest was performed by two orthopedic surgeons
2 weeks from the first radiological measurement. However,
the intraoperative navigation measurements were performed
two times by the senior surgeon only at the same time due to
the patient’s safety. The intra- and interobserver reliability
values were also calculated using the intraclass correlation
coefficient (ICC).

The primary outcome measure of the study was to find the
differences of the mean femoral rotation angles calculated
by the navigation system before and after removal of the
lateral femoral cartilage. Because there were no previous
reports on the femoral rotation angles in navigation accord-
ing to cartilage removal, a pilot study was performed. The
patients in the pilot study were not enrolled in the main
study. An allocation ratio was set at 1:1, and a sample size
calculation was based on a pilot study of 22 patients in each
group. The mean and standard deviation in the pilot study
was 3.2° + 1.9° in the without cartilage removal group and
4.6° + 2.6° in the cartilage removal group. A two-sided
a error of 5% and S error of 20% was accepted to detect
any significant difference. Based on these calculations, the
required study size was 42 in each group.

Results

Differences between the femoral rotation angle
of navigation and preoperative CT

The differences between the navigation value and preop-
erative CT value are summarized in Table 2. There were

statistical differences between the angle without cartilage
removal and preoperative CT (p = 0.003), but no differ-
ences were found between the angle with cartilage removal
and preoperative CT (p = 0.094). Removal of the lateral
femoral posterior cartilage increased the TEA-PCA angle
by 1.4°. Moreover, the correlation coefficients between
navigation and preoperative CT values were found to be
moderate to strong, although stronger correlation was
found in the angle with cartilage removal (Table 2).

Reliability and validity, which were determined by the
SEM and 95% LOA in Bland—Altman plots, and the mini-
mum value to detect true differences between the naviga-
tion value and preoperative CT value are summarized in
Table 3 (Fig. 4a, b).

Clinical and radiologic findings

The clinical and radiological outcomes between group 1
and 2 were not statistically different in all measurements
after 5-year follow-up except the intraoperative navigation
value (Tables 4, 5). Even though randomization was per-
formed intraoperatively, the pre- and postoperative TEA-
PCA angles on CT were not statistically different between
the two groups. Only the selected femoral rotation angle
on navigation was statistically different due to randomiza-
tion (4.0° in group 1; 5.1° in group 2; p = 0.018). In terms
of patellofemoral evaluation, there were no significant dif-
ferences in pain or function (Tables 4, 5).

The intra- and interobserver reliability values by ICC
were found to range from 0.723 to 0.932 in radiologic
measurements. The interobserver reliability by ICC was
lowest value for the measurement of femoral rotation angle
in preoperative CT.

Table 2 Statistical value for
preoperative femoral rotation

Mean
value + standard

Overall preoperative CT: navigation value

angle on CT and navigation deviation (°) Paired Pearsop’s correlation Iptraclass cgrrela-
ttest (p coefficient (p value) tion coefficient
value) (p value)
Overall preoperative CT 48 +2.1 -
Without cartilage removal 3.9 +2.2 0.003 0.712 (0.000) 0.781 (0.000)
With Cartilage removal 54+£25 n.s 0.809 (0.000) 0.874 (0.000)

Table 3 Standard error of
measurement (SEM), 95%

Mean value + standard  Overall preoperative CT: navigation value
deviation (°)

confidence limits of SEM for SEM (°) 95% CI for 95% LOA
precision and 95% limits of SEM (°)

agreement (LOA 95%) for real

difference of each measurement Without cartilage removal 39+22 1.2 1.6-6.2 —-19t03.7
with extension position With Cartilage removal 54+25 1.1 32-7.5 -29t01.8
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Fig. 4 Bland-Altman plots of agreement between navigation and
preoperative CT measurement. a Plot of preoperative CT value in the
without cartilage removal group. b Plot of preoperative CT value in
the with cartilage removal group

Table 4 Clinical evaluations at final follow-up

Group 1 Group 2 p value

ROM 1256 £ 89 127.7+10.1 ns
HSS score 934+72 91.1+£92 ns
KSS scores

KS knee score 943+88 935+£7.6 ns

KS function score 89.6 + 122 885+ 13.1 ns
WOMAC scores

Total 103+54 105+£63 ns

Pain 24+30 21+27 ns

Stiffness 1.1+0.8 1.2+09 ns

Function 89+175 9.1+11.3 ns
Patellofemoral score of Feller

Anterior knee pain 125+29 13.1+28 ns

Ability to rise from chair 4.7+0.7 45+0.8 ns

Ability to climb stairs 45+0.8 46+07 ns

Discussion

The most important finding was that the thickness of the
lateral posterior femoral condylar cartilage could affect the
angle of femoral component rotation in navigation-assisted
TKAs; however, when considered together with the clini-
cal and radiologic outcomes, the differences of rotation
alignment according to lateral posterior femoral condy-
lar cartilage did not significantly affect clinical outcomes.
In addition, the preoperative femoral rotation angles on
CT (TEA-PCA) were validated with the femoral rotation
angles with removal of lateral femoral posterior cartilage
on navigation.

Although the importance of proper alignment in TKA
surgery is recognized, determination of rotational alignment
is controversial compared to determination of axial align-
ment. Many surgeons use the posterior femoral condyles as
anatomical landmarks, and many navigation systems use the
same anatomical references in order to produce the rectan-
gular flexion gap [1, 20, 21, 33, 40]. However, an articular
cartilage defect localized only in one compartment might
produce an inaccurate femoral angle [38]. The mal-rotated
femoral component theoretically causes increased polyethyl-
ene wear, particularly in early flexion [3, 6, 17, 18, 23], but
the safety range of the rotation angles without mechanical
problems has not yet been defined. Recent studies indicated
that a change of 2°-3° in alignment during knee flexion or
a change of 2-3 mm in bone cut on the posterior femoral
condyle can make a difference in the ligament balance and
clinical functional outcome, and the remnant cartilage of the
posterior femoral condyle could contribute to those differ-
ences [4, 15, 31, 38].

In this study, the rotation angle was also influenced an
average of 1.4° after removal of the remnant cartilage of the
lateral femoral condyle. This result means that if the femo-
ral component in the navigation system is set referencing
the PCA after cartilage removal, the femoral component is
positioned with an external rotation of approximately 1.4°
compared with the position without cartilage removal. The
external rotation of 1.4° in this study was consistent with
previous studies although somewhat smaller. Tashiro et al.
[38] reported that the femoral component can be implanted
with more than 2° of external rotation if the difference in
cartilage thickness between the two posterior condyles is
not considered. Asada et al. [4] reported that the remnant
cartilage of the posterior femoral condyle could affect the
femoral component rotation, although the difference due to
cartilage remnants was small and within the safety margin
of 2° external rotation [31]. After removal of the remnant
cartilage, the angles recorded in navigation showed stronger
correlation to the value of the preoperative femoral rota-
tion on CT even though both groups showed strong cor-
relation. However, the SEM value was similar regardless of
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Table 5 Radiologic evaluations
at final follow-up

Group 1 Group 2 p value

Postoperative mechanical femorotibial angle
Preoperative femoral rotation angle on CT
Intraoperative femoral rotation angle on navigation

Postoperative femoral component rotation angle on CT

Patellar tilt angle

Patellar height
Insall-Salvati ratio
Blackburne—Peel ratio
Joint line elevation (mm)

Varus 1.1° +0.7°  Varus 0.9° +0.9° n.s

4.5° +1.6° 5.0°+2.2° n.s
4.0°£2.2° 5.1°+2.5° 0.018
0.8°+ 1.2° 1.2° + 1.6° n.s
3.7°+34° 3.5°+3.6° n.s
097 +£0.7 0.95 +£0.8 n.s
0.51 +£0.9 048 +£1.0 n.s
28+26 31+32 n.s

lateral femoral posterior cartilage removal. The 95% CI for
SEM revealed that the ranges of both groups were accept-
able with regard to the preoperative CT value, although the
range of the 95% CI in the cartilage removal group seemed
to be more acceptable. The Bland—Altman plots and 95%
LOA also revealed that both groups were acceptable, and
the range of 95% LOA with cartilage removal seemed also
to be more acceptable than that of without cartilage removal.
The reason for that tendency could be that the angle from CT
was obtained from the bony landmark, not from the cartilage
tissue. The preoperative femoral rotation angles on CT could
serve as a supplementary guide for preoperative planning of
TKA with regard to femoral rotation, especially in naviga-
tion measurements.

To analyse whether different implantation of femoral
component rotation could affect the patellofemoral align-
ment, patella measurements were evaluated. The mean val-
ues of each of the patella parameters and clinical outcomes
were not statistically different in the two groups. This also
means that different implantation of femoral component
rotation could occur after remnant cartilage removal, but
does not affect postoperative outcomes. The acceptable post-
operative patellofemoral alignment and clinical outcomes in
the two groups provided additional evidence that the differ-
ences in rotational angle are within a safe range.

The results of this study revealed that the change of rota-
tion alignment according to lateral posterior femoral condy-
lar cartilage did not influence clinical outcome in patients
undergoing TKA. To the best of our knowledge, this is the
first study that investigated the influence of lateral posterior
femoral condylar cartilage thickness on clinical outcomes
in terms of tibiofemoral joint and patellofemoral joint. The
measurements of femoral component angle on navigation
could be affected by the remnant cartilage of the lateral pos-
terior femoral condyle, but there were no effects on the clini-
cal outcomes or radiologic evaluation after 5 years of follow-
up. Although the rotation angle on navigation with removal
of the lateral posterior femoral cartilage seemed more reli-
able and validated to the preoperative CT value, it could
not be proven what the angle would be more appropriate
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because of the similar clinical outcomes were found between
groups. These findings do not support our hypothesis that a
difference in the femoral component rotation according to
cartilage thickness can affect clinical outcomes. A recent
editorial paper indicated that a change of 2°-3° in align-
ment during knee flexion or a change of 2—-3 mm in bone cut
on the posterior femoral condyle can make a difference in
the ligament balance and clinical functional outcome [15].
This review was not consistent with the result of this study,
possibly because that paper discussed the results of PCL
balancing and so is more applicable to cruciate-retaining
TKA. However, in this study, all of the cases were performed
using fixed bearing PS TKA prosthesis; thus, the change of
rotational alignment based on lateral posterior femoral car-
tilage status without deformity might be too small to affect
clinical and radiologic outcomes.

The current study had some limitations. First, there could
be differences in the patients with more advanced degenera-
tive change in the lateral femoral posterior condyle, includ-
ing severe varus/valgus patients. Second, the patients were
limited to Koreans; therefore, even though the findings were
statistically meaningful, there might be anatomic differences
compared to the Caucasian population because of different
life styles. For this reason, the results of this study should
be interpreted with caution. Third, the follow-up period was
relatively short to evaluate the survival rate and wear, and
more long-term follow-up will be needed. Fourth, there
could be bias in measuring the femoral component rotation
angle with 2D-CT, although this conclusion is uncertain
[9, 11, 16, 25]. Further study with 3D-CT scan is needed
to precisely evaluate the femoral rotation using navigation
measurements. Finally, it is difficult to determine how much
cartilage should be removed; due to individual differences,
there could be errors in the removal procedure. However,
one surgeon performed all TKAs using the same technique,
allowing us to isolate the attributes of the procedure.

The results of this study revealed that remnant cartilage
of the lateral posterior femoral condyle would not affect the
clinical outcome of primary TKA. Thus, the decision on
femoral component rotation should be made considering
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other factors, such as flexion gap, regardless of remnant
cartilage of the lateral posterior femoral condyle.

Conclusion

In conclusion, there was little effect of femoral component
rotational differences on radiologic alignment or clinical out-
comes in navigation-assisted TKA with regard to cartilage
remnants of the lateral posterior femoral condyle. Whether
using navigation or not, the rotational differences caused
by lateral femoral cartilage would be within a safe margin,
although surgeons should consider the results of this study
when determining femoral rotation using navigation or CT.
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