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Conclusion  This systematic review shows a strong prefer-
ence for 3D-CT to determine the component’s rotation fol-
lowing a TKA. The literature shows consensus on the ref-
erence points of the femoral component. In measurements 
of the tibial component, various techniques are used with 
similar results. No clear cut-off point for revision of mal-
rotated TKA components can be stated because of limited 
evidence.
Level of evidence  III.

Keywords  Total knee arthroplasty · Component rotation · 
Malrotation · Computed tomography · CT · Post-operative 
measurements

Abbreviations
TKA	� Total knee arthroplasty
CENTRAL	� Cochrane Central Register of Controlled 

Trials
CT	� Computed tomography
ICC	� Intraclass correlation coefficients
TCA	� Tibial component angle

Introduction

About one in five patients are not satisfied after TKA [10, 
24]. These patients often experience pain, instability, patel-
lofemoral maltracking, stiffness or impaired function of the 
knee, 1 year after the TKA [2, 10, 13, 16, 31, 32, 36]. Mal-
rotation of one or both components of the TKA may lead to 
aseptic loosening, instability, polyethylene wear or disloca-
tion of the patella. It is therefore one of the most important 
factors leading to a revision of the TKA [4, 13, 34].

Roentgenographic measurements of the component’s 
position after TKA started with the knee evaluation system 

Abstract 
Purpose  One of the most important factors leading to revi-
sion of total knee arthroplasties (TKA) is malrotation of 
femoral and/or tibial component. Rotation measurements 
performed on radiographs are limited and less reliable 
compared to 2D computed tomography (CT). Nowadays, 
2D-CT and 3D-CT can be distinguished in measuring rota-
tion of the TKA components. The aim of this systematic 
review is to determine the most reliable CT techniques in 
measuring rotation of the TKA components and to inves-
tigate possible cut-off points that can be used in the clini-
cian’s decision for a possible revision of the TKA.
Methods  A search of PubMed, Embase, the Cochrane Cen-
tral Register of Controlled Trials and Web of Science was 
performed up to April 2015. Final selections of 12 articles 
were used in this systematic review.
Results  3D-CT, compared to 2D-CT, is more reliable and 
shows a high level of intra- and interobserver reliability. 
Femoral component rotation is measured using the compo-
nent’s posterior condylar line or inner pegs in relation to 
the epicondylar axis. Five different techniques were used to 
measure tibial component rotation. The posterior border of 
the tibial component in relationship to the geometric centre 
and tibial tubercle was most frequently used.
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introduced by Ewald in 1989 [12]. Varus–valgus and flex-
ion–extension alignment can be identified on (long-leg) radio-
graphs, but is subject to rotation and magnification errors [1, 
33]. Since the introduction of the CT scan, Berger et al. intro-
duced a protocol on TKA component rotation measurements in 
1993 [6–8, 25]. Post-operative sagittal, coronal and rotational 
alignment is routinely measured on two-dimensional (2D)-CT 
scans. Three-dimensional (3D) reconstructions, in which indi-
vidual slices are accumulated to create a volume, are less fre-
quently used in measuring the component’s rotation. In 3D-CT, 
measurements can be adjusted for the variability of the position 
of the patient’s leg in the scanner, which may lead to more reli-
able identification of the anatomical landmarks [18, 19].

Uncertainty exists nowadays about the most accurate 
technique to measure component rotation and what cut-off 
points must be applied. This is the first systematic review 
investigating which CT technique (2D or 3D) is most reli-
able in measuring rotation of the tibial and/or femoral 
component after TKA. Secondary outcome is the range 
of component rotation, from which a normal or deviating 
component rotation can be defined. Therefrom, we aim to 
define cut-off points that can be used in deciding for a revi-
sion of the TKA.

Materials and methods

Inclusion and exclusion criteria

This study included published full-text reports of rand-
omized and non-randomized controlled trials, prospective 
and retrospective cohort studies and case–control studies.

Selection criteria consisted of patients (>18 years) with 
osteoarthritis of the knee, treated with primary or revision 
TKA and reporting post-operative measurements of TKA 
component rotation using a CT scan. Furthermore, stud-
ies were only selected if full description of the measure-
ments was given, including reference points, for femoral 
and/or tibial component rotation. Studies were excluded 
when reporting on unicompartimental knee arthroplasties 
and studies based on pre- or peroperative measurements, 
instead of post-operative measurements.

Search strategy

A systematic search was conducted to identify all relevant 
reports using the scientific search engines Medline (Pub-
Med), Embase, the Cochrane Library of Clinical Trials 
and Web of Science from their inception until April 2015. 
Languages were restricted to English, Dutch and German. 
The search strategy was designed based on the following 
controlled vocabulary (MeSH terms) and free text terms: 
(Arthroplasty, replacement, knee OR knee prosthesis OR 

knee joint prostheses, prosthesis, implants OR knee endo-
prosthesis OR TKA OR tibial component OR femoral com-
ponent) AND (Tomography, X-ray computed OR computed 
tomography OR CT OR electron beam OR tomodensitom-
eter) AND (Rotation OR bone malalignment OR malrota-
tion OR alignment OR malalignment OR maltracking OR 
gap asymmetry OR torsion OR malposition).

Study selection

The initial search strategy, after eliminating 379 duplicates, 
resulted in a total of 847 hits.

Two reviewers (E.V. and E.M.) independently applied 
the selection criteria on the titles (788) and abstracts (59) 
from which 23 potentially relevant studies were selected. 
The full texts of these 23 studies were once more reviewed, 
and a final selection was made based on the above-men-
tioned criteria. Reference lists of all included articles were 
then searched to retrieve additional published studies not 
identified by the computerized database search (0). Disa-
greements were resolved through a consensus meeting. 
Twelve articles were finally included in the systematic 
review. The selection procedure is summarized in Fig. 1.

Levels of evidence

The Oxford Levels of Evidence as produced by the Oxford 
Centre for Evidence-Based Medicine was used to catego-
rize methodological quality [28]. This tool classifies sys-
tematic randomized clinical trials and inception cohort 
studies as Level II evidence, cohort studies or control arm 
of randomized trials as Level III evidence, and case series 
or case–control studies or poor-quality prognostic cohort 
studies as Level IV evidence.

Quality assessment

Quality assessment was performed according to the 
Quality Assessment Tool for Observational Cohort and 

Database search: 731  Ongoing trials: 116 

Total search: 847 

Abstract selec�on: 59 

Full text selec�on: 23 

Final selec�on: 12 

Excluded based on �tle: 788 

Excluded based on abstract: 36 

Excluded based on full text: 11 

Fig. 1   Article selection
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Cross-Sectional Studies drafted by the National Institutes 
of Health [27]. This tool is designed to evaluate the internal 
validity of a study considering the risk of potential bias and 
confounders. For each included study, 14 questions were 
answered, concerning the methodologically quality of each 
study. An overview is given in Table 1.

Data extraction

Two reviewers (E.V. and E.M.) extracted data indepen-
dently. The collected data consisted of year of publica-
tion, type of study, CT technique (2D- or 3D-CT), popula-
tion, component of interest, (anatomical) reference points, 
results (intraclass correlation coefficient) and level of evi-
dence. Disagreements were resolved through a consensus 
meeting.

Results

Description of included studies

The final selection of 12 studies contained six prospective 
cohort studies, five retrospective cohort studies and one 
human cadaver specimen cohort study, published between 
2000 and 2014. According to The Oxford Levels of Evi-
dence as produced by the Oxford Centre for Evidence-
Based Medicine [28], all studies are considered as Level III 
evidence. An overview of the 12 included studies is shown 
in Table 2.

Measuring rotation of the femoral component

Femoral component rotation is defined by the epicondy-
lar axis relative to the posterior condylar line or the inner 
pegs of the femoral component. Nine studies [2, 3, 5, 18, 
19, 21–23, 29] used CT scan at the level of the femoral epi-
condyles to determine the angle between the component 
posterior condylar line and the epicondylar axis (Fig.  2). 
Two other studies [20, 26] used the inner pegs of the fem-
oral component to determine femoral component rotation 
(Fig. 3). When 3D-CT was used, the component’s posterior 
condylar line and the epicondylar axis were used as well 
(Fig. 4) [18, 19, 29].

Four studies reported levels of accuracy using intraclass 
correlation coefficients (ICC) [18, 19, 23, 29]. An ICC 
value of 1 indicates perfect reliability, 0.81–1.0 very good 
reliability, 0.61–0.80 good reliability, 0.41–0.6 is moderate 
and less than or 0.4 is poor [19].

Konigsberg et al. found a poor interobserver ICC for the 
femoral component of 0.386 and a good intraobserver ICC 
of 0.606 [23] measured with 2D-CT.

High levels of intra- and interobserver reliability were 
found in 3D measurements of femoral component rotation. 
Hirschmann et al. [18] reported a very good intraobserver 
(ICC of 0.93) and interobserver reliability (ICC 0.88). 
This corresponds with a variation of 2° (range 0°–5°) and 
3° (range 0°–6°) for the intra- and interobserver reliabil-
ity, respectively. These findings were comparable to Rasch 
et al. [29], who found a very good intraobserver reliability 
(ICC 0.84–0.99) and interobserver reliability (ICC 0.85–
0.99) as well.

One study, by Hirschmann et  al. [19], compared the 
inter- and intraobserver reliability for axial 2D- and 3D-CT 
images. These results show a poor interobserver reliability 
(ICC 0.29) when using 2D-CT in measuring the rotation 
of the femoral component. However, using 3D-CT signifi-
cantly (p < 0.001) improves the interobserver reliability to 
a very good reliability (ICC 0.91) [19].

Four studies reported a reference range for femoral com-
ponent rotation [2, 3, 5, 22].

To determine whether the femoral component is in 
excessive internal or external rotation, the original posterior 
condylar angle is generally used [5]. A native value of 3.5° 
(±1.2°) internal rotation of the posterior condylar angle in 
males and of 0.3° (±1.2°) in females, relative to the surgi-
cal epicondylar axis, is accepted [2, 3, 5].

Kim et  al. [22] determined the neutral (optimal) align-
ment using an algorithm that examined the range of angles 
associated with the lowest failure rate and selected the 
narrowest range that had the greatest significance in their 
model using Cox regression analysis. Based on their retro-
spective cohort of 3048 TKA’s, no TKA required revision 
in the group with 2°–5° external rotation [22].

Measuring rotation of the tibial component

Seven 2D-CT studies [2, 3, 5, 20, 22, 23, 26] used five dif-
ferent techniques to measure tibial component rotation; 
four other studies used 3D-CT [18, 19, 29, 30].

In 2D-CT the most frequently used measurements are 
the posterior border of the tibial component in relationship 
to the geometric centre and tibial tubercle (Fig. 5) [3, 5, 23, 
26].

Bédard et al. [2] developed a modification of this tech-
nique (Fig. 6) to assess the rotational position of asymmet-
ric tibial components.

Jazrawi et  al. [20] determined tibial rotation using the 
angle formed between the posterior aspect of the tibial 
component and a line 2 cm below the joint line along the 
posterior condyles of the tibial specimens. Kim et al. [22] 
believed that the true rotational alignment of the tibial com-
ponent may be affected by the mobile nature of the tibial 
bearing. They calculated tibial component rotation as the 
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angle between the posterior margins of the proximal tibia 
and the tibial bearing [22].

The posterior condylar axis and the posterior border of 
the tibial prosthesis were also used in three studies using 
3D-CT (Fig. 7) [18, 19, 29]. Roper et al. [30] used a dif-
ferent technique; they identified the centre of the tibial 
tray and the junction between the medial and middle 
thirds of the tibial tuberosity to define tibial component 
rotation.

The overall measurements for intraobserver and inter-
observer reliability were good (ICC 0.809 and ICC 
0.67) according to Konigsberg et  al. [23] for 2D-CT 
measurements.

3D-CT resulted in a higher ICC’s for both intra- and 
interobserver reliabilities. Hirschmann et  al. [18, 19] 
reported a very good intraobserver reliability (ICC of 0.97 
and 0.99) and interobserver reliability (ICC 0.95 and 0.99) 
in two studies. This corresponds with a variation of 1° 
(range 0°–4°) and 2° (range 0°–5°) for the intra- and inter-
observer reliability, respectively [18, 19]. These findings 
are in line with Roper et al. [30] who reported a very good 
intra- and interobserver reliability for the posterior angle 
(ICC 0.949 and 0.943) and for the centre angle (ICC 0.941 
and 0.936) measurements.

Four included studies reported a reference range for 
tibial component rotation [2, 3, 5, 22]. The normal rela-
tionship between the orientation of the tibial tubercle and 
the tibial articular surface is used to determine whether the 
tibial component is in excessive internal or external rota-
tion [5]. In general, a normal rotation value for the tibial 
component is 18° (±2.6°) of internal rotation from the tip 
of the tubercle, which corresponds to the native articular 
surface [2, 3, 5].

Kim et al. [22] determined neutral (optimal) alignment 
using an algorithm that examined the range of angles 
associated with the lowest failure rate. They selected the 
narrowest range with the greatest significance in their 
model using Cox regression analysis. In the group that 
showed an external rotation of 2°–5°, revision rate was 
only 0.04 %, based on their retrospective cohort of 3048 
TKA’s [22].

Discussion

The most important finding of the present study is that 
3D-CT provides the most accurately measurements, and 
no clear cut-off points for revision of TKA components 
can be given because of limited evidence. Besides, 3D-CT 
has very good intra- and interobserver reliabilities for both 
the femoral and tibial component. The femoral compo-
nent rotation is merely assessed with respect to the epi-
condylar axis in both 2D- and 3D-CT protocols. Rotation Ta
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measurements of the tibial component have been done 
in various ways. The majority of the studies used multi-
ple transposed axial CT images of the tibia with different 
landmarks.

Component rotation, as introduced by Berger et al. [4], is 
performed on 2D axial slices of an unaligned CT scan. This 
method is considered to be less accurate as the position of 
the leg during scanning may influence the appearance of the 
epicondylar axis [17, 19]. Using 3D reconstructed images 
solves this problem. Moreover, 2D-CT only scans the distal 
femur and proximal tibia. We believe that functioning of the 
TKA depends on kinematics involving the upper and lower 
leg. Therefore, the entire leg should be taken into account in 
order to correctly measure the tibial and femoral component 
alignment, as being done in 3D-CT. Furthermore, knee kin-
ematic can be affected by anatomical variations or femoral 
or tibial torsion. This can only be determined with total leg 
3D-CT measurements [11, 37].

Following these thoughts, the study performed by Kim 
et al. [22] seems limited compared to the others because they 
do not refer to any anatomical landmarks. They used mobile-
bearing rotation platform prosthesis in all cases. Tibial com-
ponent rotation was defined as the angle formed by one line 
along the posterior margin of the tibial plateau and another 
line along the posterior margin of the tibial bearing [22]. 
They stated that the mobile nature of the tibial bearing may 
affect the true rotational alignment of the tibial component.

Unfortunately, only a few of the included studies 
described cut-off points for malrotation of the TKA com-
ponents. Hence, no reliable conclusions can be drawn that 
substantiate revision of malrotated TKA components. This 
is in line with a recent study by Valkering et al. [35], who 
investigated the correlation between rotational alignment 
and functional outcome.

Table 2   Overview of included studies

Study Technique Study type Population Component of interest Level of 
evidence

Bédard et al. [2] 2D-CT Prospective cohort study 34 TKA (34 patients) Femoral and tibial component III

Bell et al. [3] 2D-CT Prospective cohort study 112 TKA (112 patients) Femoral and tibial component III

Berger et al. [5] 2D-CT Retrospective cohort 
study

50 TKA (50 patients) Femoral and tibial component III

Hirschmann et al. [12] 3D-CT Prospective cohort study 18 TKA (18 patients) Femoral and tibial component III

Hirschmann et al. [13] 2D-CT and  
3D-CT

Retrospective cohort 
study

30 TKA (29 patients) Femoral and tibial component III

Jazrawi et al. [15] 2D-CT Human cadaver  
specimens

6 TKA (6 human femora 
and tibiae)

Femoral and tibial component III

Kanekasu et al. [16] 2D-CT Prospective cohort study 50 TKA (32 patients) Femoral component III

Kim et al. [17] 2D-CT Retrospective cohort 
study

3048 TKA (1696 
patients)

Femoral and tibial component III

Konigsberg et al. [18] 2D-CT Retrospective cohort 
study

52 TKA (50 patients) Femoral and tibial component III

Lützner et al. [20] 2D-CT Prospective cohort  
study

80 TKA (80 patients) Femoral and tibial component III

Rasch et al. [22] 3D-CT Prospective cohort 100 TKA (100 patients) Femoral and tibial component III

Roper et al. [23] 3D-CT Retrospective cohort 60 TKA (59 patients) Tibial component III

Fig. 2   Axial rotation of the femoral component in relation to the sur-
gical epicondylar axis (a, c) and posterior condylar line (b) [2, 3, 5, 
18, 19, 21–23, 29]

Fig. 3   Axial rotation of the femoral component in relation to the line 
through the femoral fixation pegs (a) and the epicondylar axis (b) [20, 
26]
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The normal posterior femoral condylar angle and 
the normal relationship between the orientation of the 
tibial tubercle and the tibial articular surface, as intro-
duced by Berger et  al. in 1993, are used as reference 
ever since. They distinguished gender differences for 

the native posterior condylar angle, based on a small 
cadaveric study [6]. Other studies could not confirm 
gender difference for the posterior condylar line, which 
makes decisions based on these measurements doubtful 
[9, 14, 15].

Fig. 4   Femur was aligned to 
the mechanical axis in coronal, 
the anatomical in sagittal and 
the femoral epicondylar axis 
in the transverse plane (a + e). 
The piriformis fossa was 
selected as the proximal point 
of the anatomical axis (b). A 
plane was fitted to the posterior 
surface of the anterior flange. 
Flexion/extension alignment 
of the femoral component was 
measured as the angle between 
this plane and the femoral 
anatomical axis (c). Femoral 
component rotation was meas-
ured as the angle between the 
epicondylar axis and posterior 
condylar axis (d). Varus–valgus 
alignment was measured as the 
angle between femoral distal 
surface and the mechanical axis 
(e) [18, 19]

Fig. 5   Three cuts of the CT scan are required to define the rotational 
position of the tibial component relative to the tibial tubercle. a The 
most proximal cut of the CT scan passes through the component and 
defines the tibial component angle (TCA). b Immediately distal to 
the component a second cut is used to establish the geometric centre 
of the proximal tibia. c The most distal cut is performed through the 

tibial tubercle. Data from the preceding two images are superimposed 
on this image: (1) the geometric centre and (2) the TCA. One line 
is drawn from the apex of the tubercle to the geometric centre. The 
angle subtended by this line and the TCA is the rotational position of 
the tibial component [3, 5, 23, 26]
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A limitation of this review is the quality of studies. All 
included studies were Level III evidence. Randomized con-
trolled trials would have substantiated our conclusion with 
more certainty. However, to our knowledge, there were no 
randomized controlled trials available. Another limitation 
is the variety of methods for measuring tibial component 
rotation in 2D-CT, which could negatively influence a com-
parison with 3D-CT.

The findings arising from this systematic review show 
that 3D-CT provides the most accurate determination 
of TKA component rotation. The included studies are 
inconclusive regarding normative values on TKA compo-
nent rotation because the cut-off points are still unclear. 
Thereby, anatomical reference points for measuring tibial 
component rotation still vary, and gender difference as 
introduced in the commonly used Berger protocol seem to 
be refuted. Based on this systematic review, one should be 
careful in drawing conclusions from CT rotation measure-
ments. If rotational errors are suspected, after ruling out 

Fig. 6   Lines AB and DE cross the lateral and medial hemiplateau, 
respectively. Both are bisected. A third line, CF, connects the centres 
of each hemiplateau and defines the flexion axis for an asymmetric 
component. The line at right angles to the flexion axis (g), defines 
the TCA for an asymmetric component. The TCA is corrected for the 
angle formed by line g (flexion axis) and the line perpendicular to the 
posterior condylar axis [2]

Fig. 7   Prior to measurements, 
the tibia was aligned to the 
anatomical axis in the coronal 
and sagittal planes and posterior 
condylar axis (PCA) in the 
transverse plane (a, b). The 
tibial component rotation was 
measured as an angle between 
the PCA (black line) and the 
posterior tibial prosthesis 
(dotted red line) axes (b). A 
plane was fitted to the inferior 
surface of the tibial component 
(c). Image (d) shows the centre 
of the talus, which is the distal 
point of the tibial anatomical 
axis. The tibial varus/valgus and 
slope alignments were measured 
as angles between this plane 
(red dotted line) and the tibial 
anatomical axis (black line) (a, 
e) [18, 19]
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other causes for malfunctioning after TKA, 3D-CT should 
be used preferably.

Future research should focus on the ranges of normal 
component rotation after TKA and its anatomical landmarks.

Conclusions

Based on our systematic review, determination of compo-
nent rotation after total knee arthroplasty should be per-
formed by 3D reconstructed computed tomography. These 
images will help to define component position with high 
reliability. Although, only few studies investigated the use of 
3D-CT. Consensus about the femoral component and its ref-
erence points seems to be present. Yet, for the tibial compo-
nent, different techniques are used with similar results. No 
clear cut-off points for revision of malrotated TKA compo-
nents can be given because of limited evidence. Therefore, 
future research must focus on anatomical landmarks and 
cut-off points of component rotation in TKA using 3D-CT.
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