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Measurement of femoral posterior condylar
offset and posterior tibial slope in normal
knees based on 3D reconstruction
Liangxiao Bao†, Shengwei Rong†, Zhanjun Shi, Jian Wang and Yang Zhang*

Abstract

Background:Femoral posterior condylar offset (PCO) and posterior tibial slope (PTS) are important for postoperative
range of motion after total knee arthroplasty (TKA). However, normative data of PCO and PTS and the correlation
between them among healthy populations remain to be elucidated. The purpose of this study was to determine PCO
and PTS in normal knees, and to identify the correlation between them.

Methods: Eighty healthy volunteers were recruited. CT scans were performed followed by three-dimensional
reconstruction. PCO and PTS were measured and analyzed, as well as the correlation between them.

Results:PTS averaged 6.78° and 6.11°, on the medial and lateral side respectively (P= 0.002). Medial PCO was greater
than lateral (29.2 vs. 23.8 mm,P< 0.001). Both medial and lateral PCO of male were larger than female. On the
contrary, male medial PTS was smaller than female, while there was no significant difference of lateral PTS between
genders. There was an inverse correlation between medial PCO and PTS, but not lateral.

Conclusions:Significant differences exhibited between medial and lateral compartments, genders, and among
individuals. An inverse correlation exists between PCO and PTS in the medial compartment. These results improve our
understanding of the morphology and biomechanics of normal knees, and subsequently for optimising prosthetic
design and surgical techniques.
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Background
Total knee arthroplasty (TKA) is an effective procedure
for advanced disorders of the knee joint, such as osteo-
arthritis [1]. It is important to reconstruct anatomical
alignment of the operative limb during TKA procedures,
to obtain maximum range of motion (ROM) [2]. Fem-
oral posterior condylar offset (PCO) and sagittal poster-
ior tibial slope (PTS) are two of the most important
variables during TKA procedures, utilized to determine
intra-operative osteotomy.

PCO is defined as the maximum thickness of posterior
condyle projecting to the tangent of the posterior cortex
of femoral shaft. PTS is the postero-caudal inclination of
the tibial plateau in the sagittal plane. PCO and PTS
may affect ROM during flexion in different ways [3–6].
A 3-mm decrease of PCO may reduce knee flexion by
10 degrees [6], and there is an increase of 2.6 degrees of
flexion with each degree of PTS [5].

In order to avoid impingement between the posterior
border of the tibial plateau and femur, PCO should be
restored to avoid overresecting the posterior condyle
during TKA [3, 4]. An appropriate PTS provides suffi-
cient space during knee flexion to prevent the knee joint
becoming too tight [5].
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There have been investigations evaluating the import-
ance of restoring PCO and PTS after TKA [7–13]. PCO
and PTS counterbalance their respective effects on ROM
and dynamic stability [6]. Thus the understanding of
normative data of PCO and PTS is of critical import-
ance. However, most of the publishded studies had fo-
cused on measuring PCO and PTS in knees with
osteoarthritis. Currently there are few studies exploring
PCO and PTS in knees without pathologic changes [8].

In our previous study, we have identified different PTS
based on different referential axes [2]. As recently re-
ported, PCO is not restored using standard instrumenta-
tion of different manufacturers, imparing pain and
functional improvements after TKA [14]. Thus the
current study further focused on the variability of PCO
between medial and lateral condyles, and the correlation
between PCO and PTS, based on multi-slice CT scans
and 3D reconstructions of knee joints of healthy volun-
teers. These results will be benificial to TKA prosthesis
design and selection, preoperative planning, and
computer-assisted surgeries [15].

Methods
After approved by ethical committee (NFEC-2013-177)
and written informed consents, healthy volunteers were
recruited in this study. All the participants declared that
they did not fit any of the following exclusion criteria:
knee pain, deformity, abnormal movement, claudication,
rheumatic fever, rickets, rheumatoid arthritis, osteoarth-
ritis, fracture or previous surgeries. The sample size was
calculated before the study, which revealed that a mini-
mum of 61 cases was needed to establish 90% power.

CT scans and 3D reconstruction were conducted as
described previously [2]. Briefly, 64-slice multi slice
spiral CT scans were performed for all participants, from
the femoral head to the heel of both lower limbs. Recon-
structions were then performed using Mimics 10.01 soft-
ware (MATERIALISE, Belgium).

PCO measurement was performed according to a pub-
lished protocol [8]. First, transepicondylar axis (TEA)
was defined as the line through the most prominent cen-
ter of the femoral epicondyles in the axial plane. The
true-sagittal plane (tsP) was defined as the sagittal plane
perpendicular to TEA (Fig.1) [16]. Two points located
5 cm apart, at the middle of the distal diaphyseal shaft
were identified. The sagittal longitudinal axis of the
femur was defined by the above two points [8], which
was posteriorly shifted to tangent to posterior femoral
cortex (Fig.2a).

Then along TEA, the tsP was moved laterally to the
middle of the lateral condyle, and medially to the middle
of the medial condyle, on which scan PCO measure-
ments were performed (Fig.2b). The largest circle fitting
the peripheral border of the posterior condyle was

determined. PCO was then determined by the vertical
distance between the translated femoral axis and the
foregoing circle (Fig.2c).

As previously described [2], for PTS measurement, the
sagittal axis and the tangential line of tibial plateau were
used [17] (Fig. 3). Briefly, the tangential line of tibial
plateau was defined as the line passing through the cen-
ter and both the anterior and posterior edge. The sagittal
axis was defined as the straight line connecting mid-
points of outer cortical diameter at 5 and 15 cm distal to
the knee joint. Then the PTS was determined by the
angle between the two lines.

Forty cases were randomly selected, in which measure-
ment was repeated twice by two authors in 1 month.
The intraclass correlation coefficient (ICC) was applied
to assess the reliability: 0.00 to 0.20, poor; 0.21 to 0.40,
fair; 0.41 to 0.60, moderate; 0.61to 0.80, substantial; and
0.81 to 1.00, perfect.

For statistical analysis, the data were tested for nor-
mality. Data in accordance with normal distribution
were compared with paired (left and right) or unpaired
(male and female)t-tests, otherwise non-parametric tests
were applied. Pearson correlations were used to deter-
mine the relations between PCO and PTS.P-values<
0.05 were considered to be significant. SPSS 20.0 (IBM,
USA) was used for the statistical analysis.

Results
A total of eighty healthy volunteers (40 males and 40 fe-
males) were recruited in this study, with an average age

Fig. 1 The anatomical transepicondylar axis (TEA) was defined as the
straight line connecting the most prominent aspects of the medial
and lateral epicondyle (orange line). The sagittal plane perpendicular
to the TEA was defined as the true-sagittal plane (tsP) (green line)
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of 31.4 (20–45) years, average height of 167.3 (151–185)
cm, and average weight of 60.0 (40–80) kg.

There were satisfactory measurements reliability with
an ICC of 0.82 for medial PCO, 0.79 for lateral PCO,
0.93 for medial PTS and 0.80 for lateral PTS. Both PCO
and PTS showed a normal distribution in the medial and
lateral compartments. Medial PCO and PTS were
greater than lateral ones regardless of genders. The
mean PCO was 29.2 mm on the medial, and 23.8 mm on
the lateral side (P< 0.001) (Fig.4). The mean PTS was
6.78° and 6.11° on the medial and lateral side respect-
ively (P= 0.002) (Fig.4).

There was no significant difference between left and
right knee within the same individual (Table1). Both
medial and lateral PCO of male were larger than female
(P< 0.001) (Table.2). On the contrary, male medial
PTS was smaller than female (P= 0.016), while there was
no significant difference of lateral PTS between genders
(Table 2).

In the medial compartment, an inverse correlation was
detected between PCO and PTS (r = � 0.315;P= 0.026)
(Fig.5). However, no significant correlation was detected
in the lateral compartment.

Discussion
Conservation of the PCO and PTS has been regarded as
a major factor to optimize ROM [6]. It was reported that
decrease of PCO by 1 mm might result in a ROM reduc-
tion of 3.3–6.2° [5]. Correspondingly, each degree reduc-
tion in PTS might decrease ROM by 1.0–2.6° [4–6, 18].
Thus it is critical to understand the“normal” PCO and
PTS.

PCO and PTS had been measured on conventional
plain X-rays, which provides an acceptable level of ac-
curacy under limited conditions [2]. As its imprecision
can be impaired by magnification and incorrect position-
ing [19]. Thus, CT has been chosen as a more accurate
method for measurement [20]. In our study, PCO and
PTS were measured based on CT scans and 3D recon-
struction, presenting differences between the medial and
lateral sides which was neglected on plain radiographs
[20, 21]. Further, the application of 3D reconstruction
made it possible to rotate without restraint and to work
in a straight forward way [2].

Gender difference has been suggested to be taken into
consideration for designing knee prothesis [22]. Com-
pared with female, male has significant greater PCO and

Fig. 2 Measurement of posterior condylar offset (PCO).a translation of the sagittal longitudinal axis (fine arrow) to femoral posterior cortex (thick
arrow).b translation of tsP (dotted line) alone TEA (dash-dot line).c PCO measurement using the largest circle fitting the peripheral border of the
posterior condyle

Fig. 3 Measurement of sagittal posterior tibial slope (PTS).a confirmation of proximal tibial long axis (orange line) in tsP.b and c measurement of
PTS, at medial and lateral side respectively
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