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An investigation of consistency between posterior condylar axis
+3 degree external rotation line and clinical transepicondylar axis line
techniques in primary total knee arthroplasty
Primer total diz artroplastide arka kondiler aks +3 derece dış rotasyon çizgisi ve
klinik transepikondiler aks çizgisi teknikleri arasındaki tutarlılığın araştırılması
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Objectives: This study aims to investigate discrepancy between

Amaç: Bu çalışmada primer total diz protezi uygulamala-

posterior condylar axis (PCA)+3 degree external rotation
(ER) line and clinical transepicondylar axis (cTEA) line and
consistency between the both techniques in primary total knee
arthroplasty.
Patients and methods: Thirty-six knees [Bilateral knees
were operated simultaneously in 12 patients (50%)] in 24
patients [3 men (12.5%), 21 women (87.5%); average age
67 (59-80 age)] were included in the study. During surgery,
PCA+3° ER line and cTEA line were drawn on the distal
femoral cutting surface by electrocautery pencil following
distal femoral cut. The both lines on distal femur were
recorded by digital camera and relationship between lines was
ascertained in reference to PCA+3° ER line [parallel, internal
rotation (IR), ER]. Statistical analysis was performed by the
McNamara chi square test and Kappa (k) value.
Results: Assessment of the images revealed that cTEA line
in comparison to PCA+3° ER line was parallel in 22 knees
(61.2%), but not parallel in 14 knees (38.8%) [IR in 10 knees
(71.5%), ER in 4 knees (28.5%)]. There was a significant
difference (McNamara chi square=12.7±1; p<0.001) and poor
consistency (k= 0.00055) between both lines and techniques,
respectively.
Conclusion: For determination of femoral component
rotation in surgery setting, different results between
cTEA and PCA+3° ER techniques possibly may due to
disadvantages of techniques and anatomic variation of
distal femur. Thus, using both techniques to check each
other’s results seems unsafe.

rında posteriyor kondiler aks (PKA)+3 derece dış rotasyon
(DR) çizgisi ve klinik transepikondiler aks (kTEA) çizgisi
arasındaki farklılık ve her iki teknik arasındaki tutarlılık
araştırıldı.
Hastalar ve yöntemler: Yirmi dört hastanın [3 erkek
(%12.5), 21 kadın (%87.5); ortalama yaş 67 (59-80 yaş)]
36 dizi [12 hastada her iki diz aynı seansta eşzamanlı
olarak ameliyat edildi (%50)] çalışmaya alındı. Cerrahi
sırasında distal femur kesisini takiben kesi yüzeyine
koter ucu ile PKA+3° DR çizgisi ve kTEA çizgisi çizildi. Distal femur üzerinde bulunan her iki çizgi dijital
kamera ile kaydedildi ve PKA+3° DR çizgisi referans
alınarak çizgiler arasındaki ilişki araştırıldı [paralel,
iç rotasyon (İR), DR]. İstatistiksel analiz McNamara ki
kare testi ve Kappa (k) değeri ile yapıldı.
Bulgular: Görüntüler değerlendirildiğinde, kTEA çizgisinin PKA+3° DR çizgisine kıyasla 22 dizde (%61.2) paralel
olduğu, 14 dizde ise paralel olmadığı (%38.8) [10 dizde İR
(%71.5), 4 dizde DR (%28.5)] tespit edildi. Çizgiler arasında
belirgin bir farklılık (McNamara ki kare=12.7±1; p<0.001)
ve teknikler arasında düşük oranda tutarlılık (k=0.00055)
vardı.
Sonuç: Cerrahi sırasında femoral komponent rotasyonunun
tespitinde kullanılan PKA+3° DR çizgisi ve kTEA çizgisi
arasındaki farklı sonuçlar, olasılıkla tekniklerin uygulama
dezavantajlarına ve distal femurun anatomik farklılıklarına
bağlıdır. Bu nedenle, iki teknikten birinin diğerinin sonucunu
kontrol etmek için kullanılması güvenli değildir.
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Femoral component rotation in primary TKA

Rotational alignment of femoral component (FC) is
crucial for long-term survival of total knee arthroplasty
(TKA).[1,2] Proper placement of the FC reduces
abnormal patella femoral tracking and tibia femoral
articulation.[3] There are several different methods/
references described for identification of rotational
alignment of FC in primary TKA; Whiteside's line,[4]
transepicondylar axis (TEA),[3,5] posterior condylar
axis (PCA)+3° external rotation (ER),[6] ligament
balancing,[5,7] and tibial mechanic axis.[8]
Flexion-extension movements of the knee result
in an around fixed axis which lies between the
origins of collateral ligaments.[9-11] Transepicondylar
axis and flexion-extension axis are not completely
interchangeable.[12] As both of them are rather nearby,
TEA can be used instead of flexion-extension axis
of the knee.[10,11,13] Therefore, placement of FC in
axial plane should be in parallel with TEA.[10,11,13]
In addition, PCA lies in 3° internal rotation (IR)
compare to TEA.[14]
Today, modern instrumentation guides which use
PCA (+3° ER) are popular for determination of FC
rotation in surgery setting.[15] In our clinical practice,
we use these instruments routinely in primary TKA
except valgus knees.
This study aims to investigate discrepancy between
posterior condylar axis (PCA)+3 degree ER line and
clinical TEA (cTEA) line and consistency between the
both techniques in primary total knee arthroplasty.
PATIENTS AND METHODS

This prospective study was approved by Afyon
Kocatepe University, Medical Faculty Ethics
Committee. Written informed consents were
obtained from all participants before surgery.
Thirty-six knees in 24 patients (3 males, 21 females;
mean age 67 years; range 59 to 80 years) which
(a)
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were subsequently operated for severe varus
gonarthrosis were included. Both knees were
operated simultaneously in 50% of the patients.
During surgery, following distal femoral bone cut,
PCA+3° ER line and cTEA line were drawn on the
distal femoral cutting surface by electrocautery
pencil. The both lines on distal femur were recorded
by digital camera and relationship between lines
was ascertained in reference to PCA+3° ER line
[parallel, IR and ER] (Figure 1). Statistical analysis
was performed using the McNamara chi square test
for discrepancy between both lines and Kappa (k)
value for consistency between both techniques.
Femoral components were placed in certain
rotational alignment in the axial plane determined
with guide instrument using PCA for all cases.
RESULTS

Assessment of the images revealed that cTEA line
in comparison to PCA+3° ER line was parallel in
22 knees (61.2%), but not parallel in 14 knees (38.8%).
Of the non-parallel group, there were 10 knees
(71.5%) with IR and four knees (28.5%) with ER,
respectively. There was a significant difference
(McNamara chi square=12.7±1; p<0.001) and poor
consistency (k=0.00055) between both lines and
techniques, respectively.
DISCUSSION

Total knee arthroplasty is a standard treatment for
various disabling disorders of the knee and has
proven long-term success.[16] However, it is likely
to encounter various complications related with
TKA.[17,18] The vast majority of the complications are
related to the patellar-femoral joint.[2] Although the
implant design is considered effective, the primary
reason for failure is improper rotation of FC in the
absence of frontal plane misalignment.[16,19,20] In TKA,
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Figure 1. Position of clinical transepicondylar axis line in reference to posterior condylar axis +3 degree external rotation line.
(a) Parallel, (b) Internal rotation, (c) External rotation. 1: PCA +3 degree external rotation line; 2: cTEA line.
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FC rotation should be proper for long-term function
and survival.[1,2]
Transepicondylar axis is a valid reference for
determination of the rotation of FC.[3,11,20] Surgical (the
most prominent point of lateral epicondyle-medial
femoral sulcus) and clinical (the most prominent
point of lateral epicondyle - the most prominent point
of medial epicondyle) TEAs are distinct concepts
(Figure 2).[14] Surgical TEA (sTEA) is accepted as
a more accurate reference to determine neutral
rotation of FC.[3,11] However, determination of sTEA is
challenging.[13,20-23] As the epicondylar peaks obscured
by soft tissues, it is difficult to identify precisely in
the surgical setting.[9,21,24] In addition, medial sulcus
becomes obscure as a result of disease progression
in osteoarthritis; it can be detected in only 20%
severely damaged knees.[25] However, most prominent
point of the medial epicondyle is detectable in all
knees independent of the severity of osteoarthritis.[25]
Thus, we used cTEA in this study. Furthermore, the
variability between surgeons is high in determination
of TEA and establishing femoral rotational alignment
is influenced by an individual surgeon’s skill.[22]
Moreover, PCA lies in 3° IR compared to
sTEA.[14] Thus, PCA+3° ER line in the surgical setting
is determined using guide instruments. It is accepted
that the line is in parallel with sTEA.[14,15] Improper
placement of the guide instrument, anatomic
variability of distal femoral condyle, bone and cartilage
wearing of posterior femoral condyle due to severe
osteoarthritis and valgus knee are common problems
related with this method.[2,4,26] Also, there are studies
that suggested and refused any relationship between
sex and the anatomic angle in PCA and TEA.[3,14]
Surgical TEA is more consistent than PCA+3° ER
line to produce balanced flexion gap.[7,27] Preoperative
alignment of the knee directly influences the accuracy
of these techniques.[24,27] In addition, TEA is the most
viable reference used for this purpose; however,

The most prominent point
of medial epicondyle
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The most prominent point
of lateral epicondyle

cTEA
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Medial
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Medial epicondylar sulcus

Figure 2. Surgical transepicondylar axis (sTEA) and clinical
transepicondylar axis (cTEA).

it is unlikely to produce flexion gap stability in
neutral/varus knees and valgus knees in 10% and
14%, respectively.[27] Any single method used to
determine rotation carries at least a 10% change of
creating flexion gap asymmetry, therefore, it is better
to use more than one method of femoral rotation
alignment.[7,27] There were also reports indicating a
wide variety between PCA and cTEA/sTEA.[3,14,21,24]
This variety is possibly due to the disadvantages of
each technique including anatomic variation of the
distal femur primarily.[12] Although knowing details
of more than one technique for determination of FC
rotation has been suggested, almost all techniques
have a wide error interval.[28] Therefore, it still remains
unknown how much variability in the axial femoral
alignment can be tolerated.[29] In surgery setting,
reproducing of FC absolute rotation should be the
main purpose.
In our study, a statistically significant discrepancy
was determined between cTEA and PCA+3° ER lines
(p<0.001), and consistency between these techniques
was extremely poor (k=0.00055). At first, it is believed
that this was caused by the disadvantages of the
techniques, however, possibly anatomic variation of
distal femur was the main cause. Another cause of
differences between techniques may be an external
rotation position of cTEA in respect to sTEA.
On the other hand, limitations of our study
include small sample size and lack of quantitative
assessment of the relationship between cTEA and
PCA+3° ER lines. Prospective studies in a larger patient
population with severe gonarthrosis will provide
valuable clinical information regarding determination
of femoral component rotation in surgery setting. We
determined a relationship between the lines with
qualitative assessment, therefore, it is impossible to
know the certain degrees of incoordinate.
There is at least 10% change of creating improper
femoral component rotation if one of the methods
developed to determine the rotation use alone,
therefore, it is better to use more than one method
simultaneously intraoperatively.[7,27] In addition, TEA
and PCA+3° ER techniques are frequently used to
determine the rotation in surgery setting.[3,5,6]
In conclusion, we focused on the both methods
in our study. Previous studies evaluated angular
relationship between s/cTEA and PCA with only mean
values and standard deviation or compared different
axial references to PCA statistically, however, our study
statistically ascertained consistency and discrepancy
between the both (cTEA/PCA+3° ER) techniques
and lines, respectively (Table I). For determination
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Table I
Review of study characteristics from published articles
References
Berger et al.[3]

Study type

Evaluation

Statistics

Outcome

Anatomic cadaver study

Angle between cTEA and PCA
4.7°±3.5°
5.2°±4.1°

Mean values with standard
deviation

sTEA method is useful to
orient FC

Angle between cTEA and PCA
4.4°±2.9°

Mean values with standard
deviation

Discrepancy between cTEA and
Whiteside line reference to PCA

Student t-test

AP axis method appears
to be more reliable and is
certainly easier to use than
TEA method

Angle between sTEA and PCA
3.5°±1.2°
0.3°±1.2°
Arima et al.[21]

Anatomic cadaver study

Poilvache et al.[24]

Clinical
(Intraoperative measurement)

Angle between cTEA and PCA
3.51°±2.03°
Varus-neutral knees

Mean values with standard
deviation

Angle between cTEA and
PCA is important to orient
FC

Olcott and Scott[27]

Clinical
(Intraoperative measurement)

Consistency of PCA+3° ER,
Whiteside line, cTEA methods
reference to tibial mechanic axis
Varus-neutral knees
cTEA> Whiteside line> PCA+3° ER

Mean values with standard
deviation
Paired t-test

Do not use only one method
for rotational alignment of
FC

Radiological (MRI)

Angle between sTEA and PCA
3.11°±1.7°

Mean values with standard
deviation

PCA+3° ER method is
unsafe

Anatomic cadaver study

Angle between cTEA and PCA
6.1°±3.3°

Mean values with standard
deviation

cTEA, Whiteside line, LB methods
results discrepancy reference to
PCA

ANOVA, Student’s t-test

cTEA provide more
external rotation in reference
to PCA+3° ER for FC than
other methods

Discrepancy between cTEA and
PCA+3° ER lines

McNamara Chi square test

Consistency between the both
technique

Kappa (k) value

Griffin et al.[14]
Katz et al.[12]

The study

Clinical
(Intraoperative measurement)

Using the both techniques
for check each other’s
results seems unsafe

cTEA: Clinical transepicondylar axis; PCA: Posterior condylar axis; sTEA: Surgical transepicondylar axis; FC: Femoral component; TEA: Transepicondylar axis; ER: External
rotation; MRI: Magnetic resonance imaging; LB: Ligament balancing.

of FC rotation in surgery setting, different results
between cTEA and PCA+3° ER techniques possibly
may be due to disadvantages of techniques and
anatomic variation of distal femur. Thus, using both
techniques for check each other’s results seems unsafe.
Undoubtedly, it is possible to determine the angular
relationship between PCA and surgical/clinical TEA
radiologically (computed tomography) preoperatively.
Carrying this knowledge to intraoperative setting by
using adjustable instrumentation guide rather than
standard instrumentation guide which has fixed
+3° ER may be an ideal method of choice.
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