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Femoral rotation positioning is critical for successful TKA. Three different
methods of referencing are generally accepted. These include the
transepicondylar axis (TEA), as advocated by Insall, arbitrary external rotation
from the posterior condyles, and the so-called Whiteside line. Another less well
recognized method, which has been used for over 20 years is referencing
femoral component rotation perpendicular to the tibial shaft axis via a balanced
flexion tension gap. Placing the femoral component parallel to the TEA leads to a
biomechanically sound knee motion in full flexion and extension. However, this
method has potential errors that include any anatomical deviations of the distal
femur, which may occur in cases with severe varus or valgus angle deformity,

condylar dysplasia, or other rotational pathology of the lower extremity.

Clinical outcomes after TKA are dependent upon multifactorial issues; one of
which is femoral component rotational alignment. Prosthetic design and
implantation of femoro-tibial components vary with different total knee systems.
The surgeon must evaluate and address variables that include varus-valgus
alignment, extra-articular deformities, soft tissue contractions, exaggerated Q
angle, patella position, size, and shape as well as femoro-tibial rotation.
Intraoperative variables include surgical approach, femoro-tibial stability, soft
tissue management, extensor mechanism and patella treatment, prosthetic
selection and positioning. Femoral component rotational alignment has gained
more attention in the recent literature, since component mal-positioning
“negatively” influences knee kinematics, including patello-femoral tracking and

range of motion.

The TEA is the most commonly referenced anatomic landmark for rotational
positioning of the femoral component in TKA. It is reported as being more
predictable than Whiteside’s line or the posterior condyle. However, the TEA
depends on estimated landmarks and may be altered in both varus and valgus
knees and/or other pathological variations that may change lower limb rotational
axes. Tibial rotation position, an important consideration in fixed bearing designs,
is also a factor that affects gap balance and the patello-femoral joint. Tibial
rotational positioning is of lesser concern in mobile-bearing TKA because of the

ability (of the bearing) to adapt to tibio-femoral rotation in flexion and extension.



Rotational mal-positioning creates a trapezoidal rather than rectangular flexion
gap with an altered patello-femoral articulation and unbalanced femoro-tibial
kinematics. Instability in flexion with a tighter medial and more lax lateral
compartment occurs when the femoral component is internally mal-rotated. This
is frequently combined with lateral patello-femoral subluxation and instability (lift-
off) of the lateral compartment in flexion. In most TKA systems, for a given
amount of tibial resection, there is an appropriate amount of posterior condylar
resection required to create a symmetric flexion gap. Different opinions of
surgical approach exist regarding soft tissue releases, tibia first or femoral first
bone cuts, as well as the femoral rotation resection. The most common method of
tibial resection is perpendicular to the mechanical axis with some posterior

inclination.

Figure 1 and 2|

The three established methods of determining femoral rotational positioning in
TKA consist of: the transepicondylar axis as advocated by Insall (Fig. 1),
Whiteside’s line, or a line perpendicular to the antero-posterior femoral axis (Fig.
2), referencing 3 to 4° external rotation from the posterior condyles (Fig. 3). The
posterior condylar reference as described by Hungerford (Fig. 4) is seldom
utilized since it results in consistent femoral internal rotational positioning, often
excessive. The LCS method is based on the tibial shaft axis and balanced flexion
gap and has been utilized since 1977 with mobile bearing TKA (Fig. 5). Potential
advantages and errors of each method will be discussed.

Figure 3 and 4

Figure 5

Olcott and Scott have recently reported that these three widely accepted
methods were consistent in yielding a symmetric, balanced flexion gap within 3°.
However, significant variable and inconsistencies were noted. The
transepicondylar axis failed to yield flexion gap symmetry in 10% of neutral varus
TKA and 14% valgus TKA, with discrepancies varying from 9° too little to 6° too
much external rotation, which is less than desirable. The authors recommended

using a combination of these methods to avoid potential mal-resections.



Clinical studies by Stiehl and Cherveny compared the tibial shaft axis method to
other methods for determining femoral rotation in four different fixed bearing knee
systems utilizing a femoral first approach. With the post condylar method, 72%
required lateral release with 7% patella fractures reported. When 4 to 5° of
external rotation method was used, 28% lateral release were reported. When the
tibial shaft axis method was utilized, femoral component placement was reported
within 1° of external rotation compared to the TEA. There were decreased
number of lateral releases required and no patella complications. Katz et al.
showed in a cadaver study of eight knees (a three surgeon evaluation) that
determination of femoral component rotational positioning was more reliable
using a balanced flexion gap and the antero-posterior axis. A similar study
performed by Jerosch et al. emphasized that the inaccuracy of anatomically
identifying the TEA of the femur by eight surgeon in three knee cadavers was 23
degrees. Intraoperative evaluation of the femoral epicondyles and the TEA is less
predictable and accurate than previously established methods. The method used
to define femoral rotation with the LCS system is referenced on a tibial cut
perpendicular to the tibial shaft axis and a symmetrical (rectangular) flexion gap.
This method automatically defines the position of the free moveable femoral
resection guide (Fig. 6),

Figure 6

avoiding the need of identifying anatomical landmarks. A rectangular spacer
block is then applied to the rotationally unconstrained femoral component and
sits flat on the tibial resection. The flexion tension is set and checked for proper
balance (Fig. 7,8).

FFigure 7 and §

The extension gap is balanced to the flexion gap with a distal femoral resection,
establishing the mechanical axis. (Fig. 9).

Figure 9

Comparison of this tibial axis method with the TEA methods adds to our
understanding of this most important technique step in TKA. CT scan evaluation
is the most accurate method to objectively assessing femoral component
rotational placement compared to a known anatomic landmark post TKA. In order

to clinically investigate the accuracy of the LCS method with regard to femoral



component rotational positioning, we performed a study in which helical CT scan
investigation was used referencing the femoral prosthetic placement to the
transepicondylar axis. From a cohort of 3058 mobile bearing low contact stress
(LCS, Depuy Int, Leeds, UK) TKA, 40 (1.3%) clinically well functioning knees
were randomly selected for evaluation of femoral component rotational
alignment. All patients with TKA in this center underwent routine clinical
examination and follow-up radiographs at 1 week, 6 weeks, 1 year, 5 years, or
when complications occurred. Mean age in this cohort was 67 years (range 54 to
77). Inclusion criteria for this subset was range of motion (ROM) over 100
degrees, lack of pre- or postoperative complications, and excellent or good
clinical results according to a modified HSS 100-point clinical score with a mean
of 91.2 points (81 to 100). One patient had to be excluded because of inability to
identify appropriate anatomical landmarks on CT scans, and another patient
refused CT investigation. Of the 38 cases available for this study, the patella was
left unresurfaced in 36 (95%) cases, one was previously patellectomized,

another patella was resurfaced using a metal-backed rotating patella component.

Follow-ups at regular intervals included a clinical evaluation and X-ray protocol.
Radiographic analysis was focused on patella tracking, congruency, and patella
tilt with comparable pre- and postoperative skyline radiographs. Patella tracking
was based on alignment of the femoral trochlear sulcus and the crown of the

patella and measured in millimeters of lateral deviation on comparable pre- and

postoperative skyline views.

The ultimate 38 cases were randomly selected from patients who were scheduled
by a computerized system for 1-, 5-, or 10-year routine follow-up. These patients
were invited to participate in the study until the appropriate number was obtained.
Of the two cases eliminated one patient refused to participate another was
eliminated for technical reason as noted. Of this group all patients had excellent
or good clinical results and no patient refused participation. The local university

ethics committee approved the study.

All cases were investigated by one of two consultant musculoskeletal radiologists
with CT experience of more than fifteen years. Before the start of the examination

they examined a few patients not included into the investigation in order to use



the same criteria, which were identical to those used for everyday examinations.
The radiologists were not aware of the patients' knee status (single blinded).
They were instructed not to talk with the patients about the status of their knees
but about technical CT aspects only. All data for femoral component rotational
positioning were analyzed using a helical CT scanner. Femoral component
rotational alignment was calculated by referencing the two posterior condyles to
the transepicondylar axis, which was a line drawn between the spike of the lateral
epicondyle and the sulcus of the medial epicondyle as recently recommended by
Yoshino et al. (Fig.10). One case was excluded because of inability to identify the
medial sulcus despite 2mm cuts. Angles were calculated utilizing sophisticated
helical CT-implemented software.

Figure 10

An independent statistician analyzed all data. The distribution of angles in each
group were analyzed using the one-sample Kolmogorov-Smirnov test which
indicates whether the number of cases is sufficient and a normal “bell-curve”
distribution is demonstrated. A positive Kolmogorov-Smirnov test validates further

parametric statistical analyses.

The subset of 38 cases (follow-up: 12 to 120 months) studied in this series had
clinical results comparable to a larger cohort group of over 3000 TKA. All cases
were well functioning knees with good or excellent clinical results. The mean
ROM was 115° (range 100 to 135). Preoperatively, 3 of 38 cases had
documented patella subluxation and tilt of more than 6°. Postoperatively all three
achieved perfect patello-femoral tracking. Decreased height and sclerosis of the
lateral patella facet was seen in two case without clinical symptoms. There were

no fixation failures, no patella failures and no re-operations for any reason in this

group.

Mean femoral alignment was near parallel (0.3° internal rotation) to the TEA with
a range of 6° internal to 4° external rotation (Fig.11).

Figure 11

Standard deviation was 2.2 and standard error 0.4. All angles were normally
distributed using one-sample Kolmogorov-Smirnov test, which validates a

statistical mean value and outliers. Four cases fell outside of the predicted mean
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value (more than 3° internal or external rotation ). Three had internal rotation and
one case had external rotation. All four cases with maximum internal and external
rotation showed perfect patello-femoral tracking on skyline views (Fig.12).

Figure 12

The data of our study emphasizes that correct femoral component rotational
positioning, utilizing the tibial shaft axis method, results in a high level of
consistency for accurate patello-femoral alignment and predictable clinical
outcome (Fig.13).

Figure 13

In summary, femoral rotational alignment based on the tibial axis and balanced
flexion tension is an instrumented technique that 1) avoids relationship to
arbitrary landmarks; 2) establish a precise flexion gap which allows for a stable
relationship to the corrected bio-mechanical axis; 3) is patient-specific regarding
bone and soft tissue variations, 4) is reproducible (especially in severe
deformities such as the valgus knee), and 5) results in predictable patella
outcomes in reported series. Femoral component rotational alignment is
technique- and instrument-dependent and influences patella tracking, gap
balance, and soft tissue kinematics. Deviation into internal rotation results in less
than ideal patello-femoral tracking and clinical outcomes. Potential complications,
such as the painful and/or stiff TKA (arthrofibrosis) has been shown to correlate
with significant internal rotation of the femoral component. The tibial shaft axis
method as used with the LCS system provides perfect rotational alignment
without anatomical landmark identification, and is, therefore, felt to be as or more

predictable than all other currently practiced methods.
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Legends

Figure 1. The transepicondylar axis (Insall) is identified after intraoperative identification of
both lateral and medial femoral epicondyles. Potential errors are landmark
inconsistencies, previous trauma, femoral rotation, and ability to digitally identify
both medial and lateral epicondyles.

Figure 2. The antero-posterior femoral axis method (Whitesides’s line) references femoral
rotation perpendicular to that line, which places the component approximately
parallel to the transepicondylar line. Potential errors are femoral rotation variables,
previous trauma, or patello-femoral diseases that may hinder anatomical
identification.

Figure 3. Referencing femoral rotation in 3-4° external rotation to the posterior condylar line
leads to an component positioning that approximates to the transepicondylar line,
but has a large angular range. This method is arbitrary, based on estimates with
variable reference lines in possibly distorted condyles, particularly in valgus or
varus deformities.

Figure 4. Referencing femoral rotation from the posterior condylar line leads to an internally
mal-rotated component positioning with an average of 4-5° to the transepicondylar
axis, which requires varus tibial resection and increased valgus femoral resection
to achieve a balanced rectangular flexion tension gap. Internal rotation will also
have negative impact to the patello-femoral articulation.

Figure 5. Referencing femoral rotation perpendicular to the tibial shaft axis and a balanced
flexion tension gap (LCS method) leads to prospectively predictable alignment
parallel to the transepicondylar axis (mean 0.3°).

Figure 6. Free moveable femoral resection guide is attached to an intra-medullary femoral
rod.

Figure 7. Spacer block (perpendicular to the tibial shaft axis) is attached to the femoral
component and sits flat on the tibial resection for flexion balance check and
determination of femoral rotational alignment.

Figure 8. Tibial resection is perpendicular to the tibial shaft axis and femoral resection block
parallel to the tibial resection.

Figure 9. Spacer block determines rotational alignment of the femoral resection block with a
balanced rectangular flexion tension gap setting the guide parallel to the tibial
shaft axis.

Figure 10. Femoral component alignment parallel to transepicondylar axis ensures optimum
patello-femoral tracking.

Figure 11. Transversal CT scans are a practical method for accurate determination of femoral
component rotational positioning in TKA best referenced to the transepicondylar
axis. Example of a well-aligned femoral component parallel to the TEA.

Figure 12. Graph showing normal distribution of femoral component rotational alignment in
the subset group. Mean rotation of the femoral component was parallel (0.3°) to

the transepicondylar axis, ranging from 6° internal to 5° external rotation.
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Figure 13. Perfect patello-femoral tracking can be expected when the femoral component is

rotationally aligned parallel to the TEA.
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