
achieving better alignment compared to the conventional meth-
ods, it still remains questionable whether these improvements 
result in better clinical outcomes3). These technologies increase 
the cost3,4), and cost effectiveness studies have not demonstrated 
their superiority over the conventional instrumentation4). 

Limitation of conventional instrumentation in restoration of 
correct femoral component rotation5) has been considered as the 
commonest culprit for abnormal patellofemroal kinematics and 
patient dissatisfaction6-8). This limitation of conventional instru-
mentation is probably attributable to flexion resection in a fixed 
degree of external rotation to the posterior condylar line (PCL). 
Studies have identified that the posterior condylar angle (PCA) 
is not constant in all patients and it varies according to individu-
als and the pathology affecting the knee9). Thus, if we know 
the patient specific PCA, then the use of an appropriate flexion 
cutting jig could reduce the number of outliers. Preoperative or 
intraoperative computed tomography (CT) scan was advocated 
to identify patient specific axial distal femoral geometry10). How-
ever, use of CT scan adds to the cost and there are availability is-
sues. In addition, CT scan-based methods are not considered real 
time methods as they do not take cartilage thickness into account 
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introduction

Longevity and outcome of total knee arthroplasty (TKA) are 
dependent on the restoration of mechanical axis and ligamen-
tous balance in both flexion and extension1,2). To improve the 
accuracy of alignment and clinical outcomes, technologies such 
as computer-assisted surgery, patient matched instrumenta-
tion and robotic surgery are increasingly being used3). Although 
many studies have found superiority of these new technologies in 
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while measuring the PCA11).
In this article, we propose simple, easily reproducible, real-time 

and radiation-free methods to identify patient specific PCA dur-
ing TKA. We tried to compare the accuracy of our methods with 
the currently available gold standard tool, i.e., CT scan1).

materials and methods

CT scans of 26 patients were randomly selected from our de-
partmental database irrespective of their primary complaints. 
All the necessary measurements were done on the axial CT im-
ages using K-PACS software (www.k-pacs.net, Dr.med.Andreas 
Knopke, Germany) by a single investigator. We measured the 

angle between the clinical transepicondylar axis (TEA, the line 
joining the most prominent points of the medial and lateral 
epicondyles) and the PCL by using the software’s algorithms as 
shown in Fig. 1. In order to implement our method, we measured 
the distance between both epicondyles, i.e., the length of the TEA 
and also the lengths of the perpendicular lines connecting lateral 
and medial epicondyles to PCL; these perpendicular lines were 
respectively named the lateral line (LL) and medial line (ML) (Fig. 
1). 

1. trigonometrically measured pca 
The measurements (length of TEA, LL, and ML) obtained by 

the K-PACS were used to construct a right angled triangle with 
the angle between TEA and PCL (the angle θ) representing the 
PCA. This angle can be calculated by trigonometric formula, 
θ=tan−1 (AB/BC) as described in Fig. 2.

2. protractor measured pca
We drew a trapezoid (Fig. 3) based on the previously obtained 

measurements on a paper and then subtracted a rectangle out of 
it, and hence left with a right angled triangle. The angle θ at the 
base of this right angled triangle was measured with a protractor.

All values obtained by the three methods were analysed using 
the SPSS ver. 20 (IBM Corp., Armonk, NY, USA). We used paired 
samples t-test for comparison of the mean measurement values 
of the different methods. Comparisons between K-PACS mea-
sured PCA and trigonometrically measured PCA and between 

Fig. 1. Measurements using K-PACS. ML: medial line, LL: lateral line, 
TEA: transepicondylar axis, PCL: posterior condylar line.

TEA
LL

PCLML

Fig. 2. Method-1: trigonometric method for posterior condylar angle 
calculation. The trigonometric formula was used to calculate the θ angle: 
θ=Tan−1 (AB/BC). ML: medial line, LL: lateral line, TEA: transepicondy-
lar axis, PCL: posterior condylar line.
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Fig. 3. Method-2: protractor method for PCA measurement by drawing 
a trapezoid using TEA, ML, LL and connecting PCL. PCA: posterior 
condylar angle, TEA: transepicondylar axis, ML: medial line, LL: lateral 
line, PCL: posterior condylar line.
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the K-PACS measured PCA and protractor measured PCA were 
done. An intraclass correlation coefficient (ICC) analysis was also 
performed. A p-value of <0.05 was considered statistically signifi-
cant.

results

The data collected were the angle measured by K-PACS, base 
length TEA, LL, and ML. These measurements were applied to 
obtain the trigonometrically measured PCA (method 1) and 
protractor measured PCA (method 2), which are summarized in 
Table 1.

The mean value of the angle between the PCL and the clinical 
TEA, i.e., PCA, measured by the K-PACS was 6.27o (range, 0o to 

12o) with a standard deviation of 2.97o. The mean value of trigo-
nometrically measured PCA was 6.23o (range, 0o to 11.11o) with 
a standard deviation of 2.90o and of protractor measured PCA 
was 6.31o (range, 0o to 12o) with a standard deviation of 2.85o. 
We analysed the mean PCAs obtained by the three methods us-
ing the paired samples t-test. The null hypothesis for statistical 
analysis was that there was no statistically significant difference 
between the K-PACS measured PCA and trigonometrically mea-
sured PCA (pair 1) and between the K-PACS measured PCA and 
protractor measured PCA (pair 2). The p-values were found to 
be 0.726 and 0.746 for pair 1 and 2, respectively. The p-value was 
>0.05 and the null hypothesis was accepted as true in each case, 
and hence there was no statistically significant difference between 
the measurements by the proposed methods and by the K-PACS. 

Table 1. Summary of PCA Measurements by the Three Different Methods

Case
K-PACS 

measured PCA (o)
LL (mm) ML (mm) Base length (mm)

Trigonometrically 
measured PCA (o)

Protractor
measured PCA (o)

1 6 19.1 24.6 65.9 4.77 5

2 6 16.7 23.1 64.9 5.63 6

3 2 25.1 27.5 71.8 1.91 3

4 4 20.2 26.0 67.6 4.9 5

5 10 17.0 31.2 77.5 10.3 10

6 6 19.8 27.1 67.5 6.17 6

7 12 13.0 26.2 67.2 11.11 11

8 4 23.0 27.2 72.2 3.33 4

9 5 20.0 27.1 68.4 5.92 6

10 3 25.6 29.9 80.8 3.04 3

11 5 27.1 34.5 86.6 4.88 5

12 9 19.5 32.5 77.4 9.53 10

13 9 19.8 29.9 67.2 8.55 9

14 6 17.6 24.4 69.0 5.63 6

15 9 16.6 28.6 71.9 9.47 9

16 8 21.5 32.1 80.8 7.47 7

17 0 21.7 21.7 72.1 0 0

18 8 18.2 28.0 71.8 7.77 8

19 1 21.5 23.8 69.0 1.9 1

20 6 21.5 30.2 68.1 7.28 7

21 10 17.2 30.6 73.7 10.3 10

22 3 24.3 28.7 86.8 2.9 3

23 7 18.5 25.9 70.4 6 6

24 8 17.8 27.4 64.8 8.15 8

25 9 14.8 24.6 64.7 8.61 9

26 7 19.3 27.4 72.9 6.34 7

PCA: posterior condylar angle, LL: lateral length, ML: medial length.
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The results of ICC analysis of the K-PACS measured PCA and 
the PCAs measured by our methods are summarized in Tables 2 
and 3; there were statistically significant correlations (p=0.000) 
between PCAs measured by the proposed methods and by K-
PACS. Thus, one can infer that the angles measured by our meth-
ods correlate well with that measured by the CT-based K-PACS.

discussion

Restoration of axial rotation of the femoral component in 
relation to TEA is a critical prerequisite for normal patello-
femoral and tibiofemoral kinematics and balanced flexion gap 
in TKA9,12-19). However, restoration of accurate rotation of the 
femoral component has been a challenge and failure to do so 
may to lead to patient dissatisfaction7,9,13,20,21).

Despite the recognition of the importance of rotational align-
ment restoration, there is a paucity of methods which could be 
used during surgery for this concern. The available methods for 
estimating the rotational position of the femoral component dur-
ing surgery rely on secondary reference axes14,16,22). Geiger and 
Parsch10) used intraoperative CT scan for intraoperative determi-
nation of the correct rotational alignment before the implanta-
tion. They reported satisfactory results by use of intraoperative 
CT scan, but the cost, extra surgical time and radiation exposure 
need to be taken into consideration before routine employment 
of such a method. 

Preoperative CT scan has been considered as gold standard to 
identify the TEA1), but the same may not be replicated intraop-
eratively. In addition, it may not be possible and economically 
viable to get a preoperative CT scan for every case for PCA evalu-
ation. Moreover, the preoperatively determined axis based on 

the CT scan may not accurately be reproduced intraoperatively 
as was shown by van der Linden-van der Zwaag et al.23) in their 
CT-based study on rotational alignment accuracy of the femoral 
component in TKA using computer-assisted orthopaedic sur-
gery. One reason for this discrepancy might be the fact that pre-
operative CT scan does not take into account the thickness of the 
cartilage on the condyles11). We think that a method that allows 
for intraoperative measurement of the axis is better suited to take 
this factor into account.

For intraoperative application of the methods proposed by us, 
one would need a trained assistant capable of drawing a quad-
rilateral geometric figure based on the measurements provided 
by the surgeon and measuring the angle between lines using 
goniometer/protractor or trigonometric method with a scientific 
calculator which is available in all computers as well as smart 
phones. As per our proposed method, during surgery, the knee 
is flexed to 90o after the distal femoral cut and the operating sur-
geon then identifies the medial and lateral epicondyles and marks 
both points with a sterile marker pen. A ruler is placed tangential 
to the posterior aspects of the two condyles; this represents the 
PCL. The surgeon then places another ruler on the medial epi-
condyle mark and drops it perpendicular to the first ruler. This 
corresponds to ML of the quadrilateral. Similar procedure is re-
peated on the lateral side to obtain the LL. The two marks on the 
first ruler (PCL) thus act as a limb of the quadrilateral with the 
TEA forming one of the other limbs of the quadrilateral. All the 
four lines described by us are then measured. One thus gets the 
measurements of all the four sides of the quadrilateral as in Fig. 
4. Now the assistant has to draw the quadrilateral based on these 
measurements on a paper; most often it is trapezoidal in shape 
unless the PCL and TEA are parallel. After drawing the quadri-

Table 2. ICC between K-PACS Measured PCA and Trigonometrically Measured PCA

Measure ICC
95% CI F test with true value

Lower bound Upper bound Value df1 df2 p-value

Single 0.982 0.966 0.991 160.860 25 50 0.000

Average 0.994 0.988 0.997 160.860 25 50 0.000

ICC: intraclass correlation coefficient, PCA: posterior condylar angle, CI: confidence interval. 

Table 3. ICC between K-PACS Measured PCA and Trigonometrically Measured PCA

Measure ICC
95% CI F test with true value

Lower bound Upper bound Value df1 df2 p-value

Single 0.980 0.955 0.991 93.773 25 25 0.000

Average 0.990 0.977 0.995 93.773 25 25 0.000

ICC: intraclass correlation coefficient, PCA: posterior condylar angle, CI: confidence interval.
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lateral, methods 1 and 2 described previously can be applied.
We have proposed methods to assess the PCA intraoperatively 

such that it could be measured in real time without need for 
many instruments. In the present study, we applied the methods 
on CT scan image and evaluated the accuracy of each method in 
reference to the gold standard. We made an effort to statistically 
validate the accuracy of manual measurements with the software 
based measurements. All of the three methods resulted in similar 
angles and the mean angle measured by one method was not 
found to be statistically significantly different from that measured 
by the other method. Based on the statistical analysis, one can 
infer that trigonometrically and protractor measured PCA are 
equally accurate as the K-PACS measured PCA using CT scan. 
Importantly, the angles measured by our methods correlate well 
with that measured by the K-PACS.

As regards the actual utility of the study, it needs to be high-
lighted that we have put forward a method to measure PCA 
accurately and easily so that needful modification can be made 
while using posterior condylar axis as reference for flexion resec-
tion. The major limitation of the study is that we did not conduct 
this study on patients and just proposed methods. As the angles 
measured by K-PACS and our methods correlate well, we con-
sider that these methods would actually be useful in real life. 
However, prior to application of these methods, they need to be 
validated by actual intraoperative studies or cadaveric studies. 
One more point of contention may be the abnormality in the 
shape of the condyles secondary to pathologies like osteoarthri-
tis and rheumatoid arthritis which may give different readings 
on the CT scan and on the table during TKA. The very fact that 

cartilage thickness that CT scan does not take into consideration 
is reflected by our methods gives some theoretical advantage to 
our methods. The other limitation is the wide interobserver vari-
ability in the identification of TEA as was stated by Berger et al.1) 
in 1993; however, in contradiction, a recent report by Oussedik et 
al.24) in 2013 found more familiarity and accuracy in TEA identi-
fication.

conclusions

In conclusion, we introduced simple, easily reproducible, real-
time and radiation-free methods to measure the PCA during 
TKA. These methods can obviate the need for obtaining a preop-
erative CT scan for identification of patient specific PCA.
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