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Abstract

Background The optimal total knee arthroplasty (TKA) rotational alignment and how best to obtain and measure it
are debatable. The aim was to analyse the reliability of the Berger femoral, three different tibial and four different com-
bined two-dimensional computer tomography (2D-CT) TKA component rotation measurements, and to ascertain
which rotational values best predict a successful clinical outcome.

Methods The 2D-CT scans were obtained post-operatively on 60 patients who had TKA. We determined one femoral
[Berger's femoral angle (BFA)], three tibial [Berger's tibial angle (BTA), anatomical tibial angle (ATA) and bimalleolar
posterior tibial component angle (BM_PTCA)] and four combined [transepicondylar posterior tibial component

angle (TE_PTCA), bicondylar posterior tibial component angle (BC_PTCA, transepicondylar bimalleolar angle (TE_BM)
and bicondylar bimalleolar angle (BC_BM)] TKA rotation angles. We made all measures in 23 patients twice by three
observers and determined inter- and intra-observer agreement using the Bland—Altman plot method. We analysed
measures of 55 patients using the area under the ROC curve (AUC) analysis to ascertain the discriminative capacity

of BFA, ATA, TE_PTCA and BC_PTCA for predicting a successful clinical outcome according to the Knee Society Score
(KSS) threshold.

Results ATA showed the smaller inter- and intra-observer average of differences (—0.1° and 1.6° respectively)

of the studied methods followed by BFA (=0.9° and 1.4°), TE_PTCA (-2.1° and 2.7°) and BC_PTCA (-0.5° and 1.8°). BFA
(—4°to 2.1°and —6.1° t0 8.8°) and BC_PTCA (—4.4° to 3.4° and —7.9° to 4.4°) showed the narrower inter- and intra-
observer limits of agreement. A TKA device rotation (BC_PTCA) < 0.8° of external rotation (ER) predicted a KSS

and KSS knee successful outcome, and < 3.8° ER for KSS functional (AUC=0.889; 0.907 and 0.764, respectively). BFA
and ATA<0.9° ER and < 3.9° internal rotation (IR) predicted a successful KSS knee outcome (AUC=0.796 and 0.889,
respectively).

Conclusion The ATA tibial component rotation measurement was the most reliable of those studied. BFA, TE_PTCA
and BC_PTCA were reliable measures for TKA femoral and combined rotation. The presence of a minimal rotation
between the TKA components (BC_PTCA) and a small femoral ER or tibial IR predicted a successful KSS outcome.

Level of evidence |l.
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Introduction

Rotational alignment has a direct impact on patellar sta-
bility [1, 2], knee flexion stability [3, 4], range of motion
[3] and polyethylene wear [5]. Thus, in the absence of
infection, instability and coronal or sagittal malalign-
ment, malrotation may be a cause of poor outcome and
may be a possible indication for total knee arthroplasty
(TKA) revision [2, 6-9].

The clinical validity of rotational component TKA
measurement methods are dependent on their reproduc-
ibility and their correlation with clinical outcome. The
optimal TKA rotational alignment for a given patient [10]
and how best to obtain and measure it [11] are debatable.
Femoral component rotational alignment, but not tibial,
can be analysed by plain radiographs with comparable
accuracy to computer tomography (CT) [12]. CT scans
are the method of choice to assess tibial TKA component
rotation [9, 13]. However, measurement of TKA compo-
nent rotation using different anatomical two-dimensional
(2D) and three-dimensional (3D) CT landmarks is chal-
lenging, especially for the tibial component [9, 11, 14, 15].

Many authors [3, 6, 7, 13, 16—18] use the Berger
method [1], referenced from the surgical transepicon-
dylar axis to establish femoral component rotation. In
contrast, there is no consensus about the best method
to measure the tibial rotation [6, 11, 14, 19] or combine
rotation. Inter- and intra-observer reliability of CT scans,
especially for tibial rotation, give conflicting results [7, 8,
14, 18] mainly due to inter-individual variability in ana-
tomical landmarks and difficulty in identification [14,
20] and/or a poorly defined technique for leg positioning
during scanning that may influence the location of the
landmarks [21].

The degree of TKA component malrotation that can
cause clinical problems is debatable [6, 10]. The incidence
and extent of internal tibial component rotation are
reportedly greater than those for femoral rotation [3, 22].
It appears that combined [1, 10] or isolated femoral [23,
24] and tibial [3, 22] internal component rotation is clini-
cally less well tolerated than external rotation and may
be related to pain [1, 22-24] and an increased failure rate
[25]. However, it is not known whether isolated femoral
or tibial component rotation is more or less related to
clinical outcome than combined rotation, due to a pos-
sible additive or compensatory effect of the combined
rotation.

The rotation between femoral and tibial TKA compo-
nents, that we define as device rotation, may differ from

the arithmetic result (addition or subtraction) of the
combination of isolated femoral and tibial component
rotations determined with respect to anatomical land-
marks. The difference may be due to inter-individual ana-
tomic rotational variability and the possible deformation
of the viscoelastic knee soft tissue envelope that may per-
mit maintain the device rotation with different isolated
anatomical femoral and tibial rotations.

We had two purposes: (1) to analyse the reproduc-
ibility of the Berger femoral, three different tibial and
four different combined femoral and tibial 2D-CT TKA
component rotation measurement methods and (2) to
ascertain the rotation values using the most reproducible
methods that discriminate between a good or poor clini-
cal outcome based on the Knee Society Score (KSS). We
hypothesize 2D-CT TKA rotational measurements based
on well-defined device landmarks will be more reliable
and the combined TKA rotation will better discriminate
between KSS good or poor clinical outcomes than the
isolated femoral and tibial component rotation.

Patients and methods

Study design

We performed a prospective, non-randomized, study in
60 patients with painful primary osteoarthritis, who were
non-responsive to non-operative treatment and under-
went TKA. We excluded patients who had previous frac-
tures of the femur or tibia, or who had previous tibial or
femoral osteotomy to eliminate any degree of malrota-
tion. Patients who met the requirements and agreed to
participate were consecutively recruited from 2015 to
2017. The procedures followed were in accordance with
the ethical standards of the Helsinki Declaration of 1975,
as revised in 2000. The local ethics committee approved
the study (approval number AC-14-033) and all partici-
pants provided written informed consent. Five patients
were ultimately excluded from the final clinical evalu-
ation due to acute post-operative infection in two, and
severe worsening of Parkinson disease, foot ischaemia,
and stroke in three others. The study was conducted in
two parts.

Part 1: Inter- and intra- observer reliability

Twenty-three patients were selected by simple random
sampling [26] from opaque sealed envelopes shuffled
from the total group. The average age was 71+8 years,
average body mass index (BMI) was 30.8+4.2 kg/m?
15 were female and 12 had right TKA. The American
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Society of Anesthesiology score (ASA) [27] was type II,
III and IV in 60.9%, 30.4% and 8.7%, respectively. Pre-
operative HKA mechanical axis was measured on weight-
bearing hip—knee—ankle lower limb radiographs using a
semiautomatic software system (RAIM viewer® version
2.5.0.511). The HKA mechanical lower limb axis average
was 5.9°+9.0° (2.0°-9.8°).

Three blinded observers [two orthopaedic surgeons
(FYS, JCG) and one musculoskeletal radiologist (DGP)]
not involved in the surgical procedures reviewed and
analysed TKA rotational component angles in the CT
images. All reviewers had a 4 h training period before
starting the measurements. All measurements were
performed twice, with a minimal interval of 6 weeks
between each measurement and with no knowledge of
previous measurements and those of each other at the
time of observation.

Part 2: Discriminative capacity of TKA component rotation
for predicting clinical success

We analysed the full cohort of 55 patients to ascertain the
discriminative capacity of TKA component rotation val-
ues for predicting a successful clinical outcome. The aver-
age age was 71+7 years, average was BMI 30.8 +4.2 kg/
m?, with 36 females and 29 left knees. The ASA score was
type L, IL, IIT and IV in 5.2%, 54.5%, 36.4% and 3.6% of the
patients, respectively. HKA mechanical lower limb axis
average was 5.2°+7.7° (3.1°-7.3°).

One blinded observer [orthopaedic surgeon (JCG)] not
involved in the surgical procedures or in the clinical fol-
low up reviewed the CT images. That reviewer analysed
in all patients the more reliable femoral, tibial and com-
bined TKA rotational component angles, as established
in part one of the study.

Surgical procedure

All patients received a cemented posterior stabilized
(PS) Nex-Gen® TKA (Zimmer-Biomet, Warsaw, IN,
USA). Antibiotic and thromboembolic prophylaxis was
used in all patients. All were operated under tourni-
quet with a medial parapatellar approach, using a meas-
ured resection technique [28] with all instruments and
guides provided by Zimmer-Biomet. The proximal tibia
cut was made perpendicular to the mechanical axis in
the antero-posterior and sagittal planes with the aid of
an extramedullary guide. The distal femoral cut, per-
pendicular to the mechanical axis in the AP and sagittal
planes, was performed with the aid of an intramedullary
guide. We inserted all femoral component with three
degrees of external rotation using a posterior referenc-
ing cutting guide. Staged ligamentous releases to balance
flexion—extension gaps were performed [29, 30]. Tibial
rotation was established in relation to the medial third

(2023) 24:40

Page 3 of 12

of the anterior tibial tuberosity. Patellar resurfacing was
performed in all procedures by subluxing the patella. All
patients underwent the same post-operative protocol.

Clinical assessment

One blinded observer (FYS) not involved in the surgical
procedures examined all patients using the Knee Society
Score (KSS) [31] clinical protocol at 1 year post-opera-
tive follow up. The KSS_POST is the sum of a clinically
rated portion (knee score, KSS_KNEE-POST) that covers
pain, range of movement, alignment and stability and a
patient reported portion (function score, KSS_FUNC-
TION_POST) that covers patient’s mobility (walking
distance and stairs) and potential walking aids. The KSS
score range is from 0 to 100 points for each portion, with
higher scores indicating better outcome.

2D-CT radiological measurements

Non-contrast material-enhanced helical 2D-CT scans
were obtained at 6 months post-operatively using a
LightSpeed VCT 64 scanner (General Electric, Hino,
Japan). The protocol for CT scan uses 140 kV, 400 mA
and 0.6 mm thick axial images obtained at four loca-
tions of the knee (the femoral epicondylar axis, the tibial
component tray, the proximal tibial plateau and the tib-
ial tubercle) and at the ankle joint. Only the axial imag-
ing of the knee and ankle were considered for this study.
Patients were scanned in the supine position with knees
in maximum extension and legs fixed in neutral rotation
as determined by facing the patella forward. regardless of
the foot position. The knee was scanned from the supe-
rior patellar margin to the bottom of the anterior tibial
tuberosity and 2-3 c¢cm on either side of the tibiotalar
joint. For the two regions the x, y and z axes were kept
fixed for the duration of the scan to maintain the relative
position of the two regions with respect to each other.

We used image processing software dedicated to
DICOM images, with a measuring tool within the Alma
Workstation 4.2.3.0 (Alma Medical Imaging, Barcelona,
Spain) program to measure distances and angles. Exter-
nal rotation (ER) of the component was considered to
be a positive value and internal rotation (IR), a negative
value.

We determined Berger’s femoral component rota-
tion angle (BFA) using the method described by Berger
[1] (Fig. 1). To simplify the measurement, we, as other
authors [3, 13] do not apply differing male and female
corrections of native rotation from the posterior condy-
lar angle (e.g. 0.3°+1.2° IR in females and 3.5°+1.2° IR in
males).

We assessed three tibial component rotation meas-
urement techniques. First, Berger’s tibial angle (BTA)
(Fig. 2A), using the method described by Berger [1].
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Fig. 1 The Berger's femoral component rotational angle (BFA). Axial
CT image showing measurement of the rotation of the femoral
component using the surgical transepicondylar axis and the posterior
femoral condylar axis. The surgical transepicondylar axis is a line
drawn between the lateral epicondylar prominence and the medial
sulcus of the medial epicondyle in a slice where the two landmarks
were visible. The posterior femoral condylar axis is a line drawn
tangential to the posterior surface of the two condyles of the TKA
femoral component

Second, the anatomic tibial angle (ATA) (Fig. 2B),
using the method described by Cobb [14]. Third, the
bimalleolar posterior tibial component angle (BM_
PTCA) (Fig. 2C), formed by the transmalleolar axis
and the posterior tibial component axis. The trans-
malleolar axis is a line between the centre of the
medial malleolus and the centre of the fibula in an
axial slice situated on the ankle centre and bisecting
the malleoli [32] (Fig. 2C-1). The posterior tibial com-
ponent axis was a line tangential to the posterior TKA
tibial plateau.

We evaluated four combined femoral and tibial TKA
rotation measurement methods. First, the transepi-
condylar posterior tibial component angle (TE_PTCA)
(Fig. 3A), formed by the surgical transepicondylar axis
and the posterior tibial component axis. The surgical
transepicondylar axis was a line drawn between the lat-
eral epicondylar prominence and the medial sulcus of
the medial epicondyle in a slice where the two landmarks
were visible. Second, the bicondylar posterior tibial com-
ponent angle (BC_PTCA) (Fig. 3B), formed by the pos-
terior femoral component axis and the posterior tibial
component axis. The posterior femoral component axis
was a line drawn tangential to the posterior surface of
the two condyles of the TKA femoral component. This
angle measures the rotation between the TKA femo-
ral and tibial components independently from anatomic
landmarks, it is the device rotation. Third, the transepi-
condylar bimalleolar angle (TE_BM) (Fig. 3C), formed by
the surgical transepicondylar axis and the transmalleolar
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Fig. 2 TKA tibia component rotation measures. A Beger's tibial
angle (BTA) formed between the line that connects the geometric
centre of the tibial plateau and the tip of the tibial tubercle

and the anteroposterior tibial component axis. The geometric
centre of the tibial plateau measured in the first CT slice just

under the metal tray (A-1) was located and axially transposed to CT
slice at the level of the tibial tubercle (A-3). Then, the geometric
centre of the tibial plateau and the tip of the tibial tubercle are
connected (A-3). The anteroposterior tibial component axis

is drowned in a single axial scan through the tibial component
perpendicular to the posterior tibial component axis (A-2)

and transposed to the CT slice at the level of the tibial tubercle.

The posterior tibial component axis was a line tangential

to the posterior TKA tibial plateau. The tip of the tibial tubercle is 18°
(£ 2.6°) externally rotated from the native tibial articular surface,

the tibial component was considered neutral (0°) when internally
rotated 18°in relation to the tip of the tibial tuberosity. B Anatomic
tibial angle (ATA) formed between the anatomic tibial axis (B-1)

and the posterior tibial component axis (B-2). The anatomic tibial
axis is the line defined by the geometric centre of the lateral tibial
plateau and the geometric centre of medial tibial plateau measured
in the first tibial CT slice just under the TKA tibial component (B-1). C
Bimalleolar posterior tibial component angle (BM_PTCA) is the angle
formed by the transmalleolar axis (C-1) between the centre

of the medial malleolus and the centre of the fibula in an axial

slice situated at the ankle centre and bisecting the malleoli

and the posterior tibial component axis (C-2)

axis. Fourth, the bicondylar bimalleolar angle (BC_BM)
(Fig. 3D), formed by the posterior femoral component
axis and the transmalleolar axis.
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Fig. 3 TKA combined rotation measures. A Transepicondylar
posterior tibial component angle (TE_PTCA) is the angle

between the surgical transepicondylar axis (A-1) and the posterior
tibial component axis (A-2). B The bicondylar posterior tibial
component angle (BC_PTCA) is the angle formed by the posterior
femoral condylar axis (B-1) with the posterior tibial component
axis (B-2). C The transepicondylar bimalleolar angle (TE_BM)

is the angle between the surgical transepicondylar axis (C-1)

and the transmalleolar axis (C-2). D The bicondylar bimalleolar angle
(BC_BM) is the angle between the posterior femoral condylar axis
(D-1) and the transmalleolar axis (D-2)

Statistical analyses

The normal distribution of all the data was confirmed
using the Kolmogorov—Smirnov test and the homoge-
neity of variances by Levene’s test.
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A sample size calculation could not be done at the
beginning of the study because we did not have data
of the new angles studied, and it was performed at
the end to determine whether the study had adequate
power. The sample size calculation utilized previ-
ously published differences between methods for the
already described femoral and tibial rotational angles
[8] and the mean + SD of the obtained values in the pre-
sent study for the new tibial and combined rotational
angles that lack of reference data. A desired sample size
between 12 and 23 patients was calculated with an a
level of 0.05 and a P level of 0.20 (80% power), using
MedCalc statistical software version 19.0.3 (Med-
Calc Software Bvba, Ostend, Belgium) to assess agree-
ment between the observers using the Bland—Altman
plot analysis. The expected mean of differences, the
expected SD of differences and the maximum allowed
difference between methods was set at —0.9°, 1.6° and
6° for BFA; —4.1° 3.0° and 12.0° for BTA; 0.1°, 4.0° and
16.0° for ATA; 1.1° 4.3° and 17.0° for BM_PTCA; —0.5°,
2.8° and 11.0° for TE_ PTCA; — 0.5°, 2.0° and 7.0° for
BC_PTCA; — 2.0° 2.8° and 11.0° for TE_BM and -2.8°,
3.0° and 12.0° for BC_BM, respectively.

The inter-and intra-observer agreement between
two measurements was assessed using the Bland—Alt-
man plot method [33]. For inter-observer agreement,
Observer 3 (JCG) was taken as reference and the first
rotational measure was used. For intra-observer agree-
ment the first and second rotational measure of the
three observers was taken. The limits of agreement
(LOAs) were set, within which 95% of the differences
between one measurement and the other are included
were calculated.

The area under the ROC curve (AUC) analysis [34]
was used to establish the discriminative capacity of
BFA, ATA, TE_PTCA and BC_PTCA for predicting a
successful clinical outcome according to the established
KSS thresholds of 160, 70 and 86 points for KSS_POST,
KSS_FUNCTION_POST and KSS_KNEE_POST,
respectively [35], for discriminating between patients
with or without treatment success following TKA. A
test is considered good, very good or excellent when
the AUC is 0.75-0.9, 0.9-0.97 or 0.97-1, respectively
[34].

The analyses were performed using statistical soft-
ware IBM® SPSS® version 28.0 (IBM Corp.; Armonk,
NY, USA). The statistical significance was set at p <0.05.

Results

Inter-observer reliability

Bland—Altman plots showed larger systematic bias
between the mean difference of the first measure of
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each observer in BTA (4°), TE_BM (—2.1°) and BC_BM
(—2.8) than in BFA (-0.9°), ATA (-0.1°), BM_PTCA
(=1.1°), TE_PTCA (—0.6°) and BC_PTCA (=0.5°), in
which the average of the differences between observ-
ers was close to 0°. The limits of agreement were nar-
rower for BFA (—4° to 2.1°), TE_PTCA (—6° to 4.9°) and
BC_PTCA (—4.4° to 3.4°) than for ATA (-=7.9° to 7.7°)
and BM_PTCA (-9.6° to 7.4°). The line of equality was
within the 95% confidence interval (CI) of the mean
difference between observers in ATA, BM_PTCA, TE_
PTCA and BC_PTCA and very close to being within in
BFA (Figs. 4, 5 and 6) (Table 1).

Intra-observer reliability

Bland—Altman plots showed larger systematic bias
between the mean difference of the first with the sec-
ond measure of the observers in BTA (6.8°), BM_PTCA
(11.0°), TE_BM (6.3°) and BC_BM (7.8°) rotational align-
ment measurements than in BFA (1.4°), ATA (1.6°), TE_
PTCA (2.7°) and BC_PTCA (1.8°) in which the average
of the differences between the first and second measure
was close to 0°. The limits of agreement were narrower
for BFA (—6.1° to 8.8°) and BC_PTCA (—7.9° to 4.4°), than
for ATA (—11.5° to 14.7°) and TE_PTCA (—6° to 11.5°).
The line of equality was within the 95% confidence inter-
val (CI) of the mean difference between observers in ATA
and was very close to be within in BFA and BC_PTCA
(Figs. 4, 5 and 6) (Table 1).

Discriminative capacity of TKA component rotation

for predicting KSS clinical outcome

A small amount of device rotation (BC_PTCA) (<0.8°
ER) was a good cut-off value to predict KSS_POST and
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KSS_KNEE_POST success (AUC=0.899 and 0.907,
respectively), and<3.8° ER was a good cut-off value to
predict KSS_FUNCTION_POST success (AUC=0.764).
The femur BFA and tibia ATA rotation<0.9° ER and < 3.9°
IR, respectively, were good cut-off values to predict KSS_
KNEE_POST success (AUC=0.796 and 0.889, respec-
tively) (Fig. 7).

Discussion

In the absence of a reliable and a reproducible method
to measure TKA rotation [7, 9, 11, 20, 36, 37] and the
absence of a clear definition of what is tolerable rotational
TKA alignment [10], it is difficult to establish what mal-
rotation might result in a painful TKA [8, 10] and when
to recommend a surgical decision [3].

Our data suggest the ATA method has the best inter-
and intra-observer agreement. BM_PTCA, TE_PTCA
and BC_PTCA showed a good inter-observer agreement.
The BFA method had both inter- and intra-observer
agreement close to good, and the BC_PTCA method had
an intra-observer agreement close to be good. The most
important finding is that a device rotation (BC_PTCA)
less than 0.8° ER is good to predict KSS and KSS_KNEE
success and less than 3.8° ER is good to predict KSS_
FUNCTION success 1 year after a TKA. BFA less than
0.9° ER and ATA less than 3.9° IR showed a good capacity
to predict KSS_KNEE success.

Inter- and intra-observer reliability

Berger’s femoral angle has been widely used [2, 3,
7-9, 13, 16], with a range of reliability ranging from
good [8, 13] to poor [7, 9]. We found means values of

BFA Ob3- BFA_Ob10b2

1
2 4 6 8 10 12
Mean of BFA_Ob3 and BFA_Ob10b2

151

- BFA 2

BFA 1

Mean of BFA_1 and BFA_2

A) Inter-observer Analysis

B) Intra-observer Analysis

Fig. 4 Berger’s femoral component rotational angle (BFA) Band-Altman plot agreement. The inter- A and intra-observer B agreement
between two measurements. For inter-observer agreement, Observer 3 was taken as reference and the first reliable rotational measure was used.
For intra-observer agreement, the first and second reliable rotational measure of the three observers was taken
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Fig. 5 TKA tibia component rotation angles Bland—Altman plot agreement. The inter- A and intra-observer B agreement between two
measurements. BTA Berger’s tibial angle, ATA anatomic tibial angle, BM_PTCA bimalleolar posterior tibial component angle, ObT Observer 1, 0b2

Observer 2. 0b3 Observer 3. First measure: 1; second measure: 2

BFA similar to other studies [7, 9, 13] and an accept-
able inter- and intra-observer agreement with narrow
agreement limits. Although the identification of the
medial sulcus is demanding, as well as the posterior

component condyles, due to the metal scatter and
superposition with the tibial tray, we believe that the
landmarks are well defined and reduce the source of
variability.
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Table 1 Femoral, tibial and knee TKA component rotation angles measurements
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Radiological Observer 1 Observer 2 Observer 3
measurements
(grades) First measure Second measure First measure Second measure First measure Second measure
Femoral rotation  BFA 63+1.7 3.7(3.3) 6.7+25 46 (3.0) 56+17 3.1(3.6)
(55-7.1) 02-12.2) (56-7.8) (0.1-14.8) (4.8-6.3) (04-13.0)
Tibial rotation BTA 34+44 9226 63+34 14.0(5.3) 0752 79+34
15-54 8.0-103 48-78 3.0-17.0 -161030 64-94
ATA —54+06 -17(1.8) -4.8(4.8) -13(86) -54+36 -18+12
—6.810 4.1 -240t0-04 -240t0-0 —265t0 -0 -70t0-38 -23t0-13
BM_PTCA —23.1+9.1 -139+6.1 -256+88 -146+6.6 -234+8.1 —123+64
—272t0-191 -166t0-11.2 -295t0-21.7 -173t10-114 -270t0-198 -15110-94
Knee rotation TE_PTCA 60£32 30+23 60+39 26(4.2) 53+29 22(3.7)
(4.6-7.4) (20-4.0) (43-7.8) (0.1-94) (4.0-6.6) 0.1-9.7)
BC_PTCA 24(24) 46+25 29(5.0) 48(3.1) 20(3.6) 45+26
(0.5-8.8) (35-5.6) (0.2-10.1) (0.1-153) (0.1-86) (34-56)
TE_BM 19.0+75 13.1£6.0 205+6.9 136+65 17.8+8.1 122+64
(15.7-22.3) (105-15.7) (17.5-23.6) (10.8-16.4) (14.2-215) (9.5-15.0)
BC_BM 252+85 175+65 27079 182+7.0 233+90 165+6.3
(21.5-29.0) (14.7-203) (23.5-30.5) (152-212) (19.4-27.3) (13.8-19.2)

BFA, Berger’s femoral angle; BTA, Berger’s tibial angle; ATA, anatomical tibial angle; BM_PTCA, bimalleolar posterior tibial component angle; TE_PTCA, transepicondylar
posterior tibial component angle; BC_PTCA, bicondylar posterior tibial component angle; TE_BM, transepicondylar bimalleolar angle; BC_BM, bicondylar bimalleolar

angle

Description of 2D-CT TKA component rotational radiological measurements of the first and second measure for Observer 1, Observer 2 and Observer_3.The variables
normally distributed are shown as mean +SD, 95% confidence interval for mean (lower bound and upper bound), while non-normally distributed data are shown as

statistic median (interquartile range, IQR) and minimum-maximum
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success following TKA

There is no accepted method for measuring the tibial
component rotation [11, 14]. The protocol described
by Berger et al. [1] to measure BTA has contrasting
studies that report good [7, 8, 11] and poor [19, 38]

inter- and intra-observer ICC with no correlation with
clinical outcomes [8]. We found poor inter- and intra-
observer agreement. The lack of reliability may be due
to the transposition of the measurements performed in
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three different axial CT slices, to the difference in tib-
ial tuberosity anatomies [19, 39] or to a tubercle ana-
tomical position that varied more than any other point
in the mediolateral plane [14, 40].

While one study [26] suggests the ATA method
has poor inter-observer agreement and a good intra-
observer agreement, we found ATA was the more reli-
able method. In contrast to BTA, the ATA has been
less used [41], but may be a less complex measure-
ment, because it requires the transposition of only two
axial CT slices, and it is independent from the tibial
tubercle positioning and variability [14]. The irregu-
lar shape of the tibia cortex under the TKA tibial tray
makes it challenging to determine the centre of the
medial [14] and the lateral [8] tibial plateau, either of
which may cause of variability of the measure. Despite
this good agreement, the limits of agreement were
slightly greater than previous reported ones [8].

We found good inter-observer agreement but poor
intra-observer agreement for the BM_PTCA tibial
TKA component rotation with wide limits of agree-
ment. We believe it is especially challenging to select
the proper CT slice at the ankle joint to take the meas-
urement [32], and to establish the centre of the tibia-
peroneal joint and medial malleolus that may favour
variability of the transmalleolar axis.

Few techniques have been described to measure the
femoral and tibial TKA component rotation together
[6]. The “combined rotation” occurs when femoral
and tibial TKA component rotation occur in the same
direction [1] and “mismatch rotation” when they occur
in the opposite direction [22, 24]. Combined [1, 22, 24]
and mismatch [1] TKA rotation have been calculated
by arithmetically adding the obtained isolated femoral
from tibial rotation. Mismatch TKA rotation has also
been calculated by arithmetically subtracting the iso-
lated femoral from tibial rotation [22, 24]. We analysed
four methods to establish the combined TKA rotation
that avoid combining the variability of two isolated
measures. The two methods based on the ankle trans-
malleolar axis, TE_BM and BC_BM, had poor agree-
ment, perhaps owing to the previously mentioned
difficulty of establishing the transmalleolar axis. The
TE_PTCA and the BC_PTCA with well-defined TKA
device landmarks had good inter-observer agreement
and the BC_PTCA intra-observer agreement was close
to good.

Discriminative capacity of TKA component rotation

for predicting KSS clinical outcome

The variability of distal femoral rotational anatomy in
patients undergoing TKA range from 3.3° to 11° [42].
TKA femoral ER reportedly increases wear and tightness
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in the popliteus tendon complex while IR may increase
stress, wear and subluxation on the patellar implant [10]
and tightens the medial flexion gap [3]. With a TKA
femoral component ER<2° the failure rate is 6.75% and
with > 5° failure rate is 1.9%, with no TKA required revi-
sion within 2°~5° ER [31]. A femoral component IR >3.9°
with respect to the surgical transepicondylar axis may
favour unexplained knee pain [24]. We found a TKA fem-
oral component ER less than 0.9°, without corrections by
sex, predicted good KSS_KNEE scores.

Tibial TKA component IR>9° in relation to neutral
tuberosity reportedly may relate to pain and limited
range of motion (ROM) [3, 10, 22], and even a smaller
limit of tolerability of 5.8° of tibial IR has been reported
for Nex Gen Legacy posterior stabilized flex fixed bear-
ing TKA [24]. We found a TKA with tibial rotation (ATA)
less than 3.9° IR predicted good KSS_KNEE scores.

Combined internal rotation >8.7° and component rota-
tion mismatch of>5.6° is a factor in painful TKA [24].
A similar combined or mismatch rotation of the TKA
components measured with different anatomic land-
marks may have different rotation between TKA com-
ponents (device rotation) due to the variability of knee
rotational anatomy and/or to the laxity or tightness of
knee soft tissue envelope. In one cadaver study [43], the
TKA component femorotibial matching varied from 2°
to 8° ER. Although we used a different reference line in
the tibia component our femorotibial matching variation
was from 4.5° ER to 8° IR. We realize that a small rota-
tion between TKA components — device rotation — less
than 0.8° or 3.8° ER, is important to obtain a good TKA
KSS total, function and knee clinical score. We assume
that if the device rotation increases it may alter the static
and dynamic balance of the knee soft tissue envelope [44]
in the transverse plane and may favour a painful TKA,
depending on whether the patient adapts to it over time.

The wide limits of agreement of TKA component rota-
tion angles we found is generally consistent with the
described variability of component rotation after TKA
based on CT findings that range from 25° for the tibial
component to 9° for the femoral one and to 12° for the
combined rotation [7, 8, 14] This variability may result
from a number of measurements found outside the mar-
gins considered as recommended for TKA component
rotational alignment in an overview of the literature by
Gromov et al. [10]. We agree that caution must be applied
with measurements on 2D-CT scans when attributing
symptoms or indicating a revision surgery for compo-
nent malalignment [7, 8] due to individual and technical
measurement variability.

We note several limitations. First, the short follow-up
time (1 year) does not allow us to determine whether
these results will change over time, although usually the
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TKA clinical result do not improve after this period of
time. Second, all the measurements were done with a
single PS fixed-bearing TKA having a symmetric tibial
tray implanted trough a measure resection technique;
therefore, our results do not extend to patients with
other types of TKA constraint, mobile bearings or asym-
metrical tibial trays, or other surgical techniques. Third,
the number of knees studied was small. Although our
statistical power was adequate, larger studies with more
patients may help to determine how well these findings
might generalize to other patients. Fourth, some other
physical or psychological patient related factors besides
device rotation may have influenced in the clinical result,
these factors need to be studied further.

In conclusion, we demonstrated that 2D-CT TKA tibial
component rotation determined by the ATA method was
the most reliable of those studied. BFA, TE_ PTCA and
BC_PTCA were reliable methods for TKA femoral and
combined rotation. A minimal rotation between the TKA
components (BC_PTCA) or a small femoral (BFA) ER or
tibial (ATA) IR was useful to predict a successful KSS out-
come. There can be variability in TKA rotation measured
by the same or different observers; this highlights the
difficulty measuring component malrotation and for its
clinical use. For that reason, the attribution of symptoms
to 2D-CT malrotation requires careful consideration.
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