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An anatomical study of the proximal aspect of the medial femoral condyle to
define the proximal-distal condylar length
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ABSTRACT

Objective: Despite its possible role in knee arthroplasty, the proximal-distal condylar
length (PDCL) of the femur has never been reported in the literature. We conducted an
anatomic study of the proximal aspect of the medial femoral condyle to propose a method
for measuring the PDCL. Materials and Methods: Inspection of dried bone specimens
was carried out to assure the most proximal condylar margin (MPCM) as the eligible
starting point to measure the PDCL. Simulation surgery was performed on seven pairs of
cadaveric knees to verify the clinical application of measuring the PDCL after locating the
MPCM. Interobserver reliability of this procedure was also analyzed. Results: Observation
of the bone specimens showed that the MPCM is a concavity formed by the junction of
the distal end of the supracondylar ridge and the proximal margin of the medial condyle.
This anatomically distinctive structure made the MPCM an unambiguous landmark. The
cadaveric simulation surgical dissection demonstrated that the MPCM is easily accessed
in a surgical setting, making the measurement of the PDCL plausible. The intraclass
correlation coefficient was 0.78, indicating good interobserver reliability for this technique.
Conclusion: This study has suggested that the PDCL can be measured based on the
MPCM in a surgical setting. PDCL measurement might be useful in joint line position
management, selection of femoral component sizes, and other applications related to the

proximal-distal dimension of the knee. Further investigation is required.
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INTRODUCTION

estoration of the natural geometry during knee arthroplasty

is an important goal to achieve normal knee kinematics,
which leads to better surgical results [1,2]. To achieve this goal,
knowledge of both the qualitative and quantitative anatomy
of the knee is crucial. This includes the anterior-posterior and
medial-lateral dimensions of the femoral condyle. Manufacturers
have used this data to make prostheses. Surgeons measure these
dimensions intraoperatively to perform appropriate bone cuts
and select components of suitable sizes. By doing so, the preop-
erative geometry can be restored as planned. There are abundant
studies of these measurements, providing useful information for
clinical application and related research [3-7].

By contrast, the proximal-distal condylar length (PDCL)
of the femur has never been discussed in the literature. Being
one of the three dimensions of a cubic object as the femoral
condyle, the PDCL (like its counterparts in the other two direc-
tions) should play a significant role in knee arthroplasty and
deserves investigation. This measurement, dealing with the
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proximal-distal span of the femoral condyle, must have some
implications in the management of the joint line position during
knee arthroplasty, as the latter is related to condyle reconstruc-
tion in the same dimension [8-11]. However, no studies have
been conducted on this subject.

We felt that the prerequisite to investigate the PDCL was
to thoroughly study the anatomy of the proximal aspect of the
femoral condyle. Then, an appropriate starting point could be
found, from which a meaningful PDCL can be defined and
measured. Our objectives in this study were as follows: (1)
to find an eligible starting point and (2) to determine if this
starting point could be easily accessed during knee arthroplasty
to measure the PDCL and determine if this measurement has
good interobserver reliability for use by surgeons.
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MATERIALS AND METHODS
Review of the anatomy to identify the most proximal
end of the femoral condyle

The femoral condyle, comprising the medial and lateral
condyles, is the expanded distal end of the femur and partici-
pates in the formation of the knee joint. When the PDCL is
measured, either side of the condyles can be chosen, as they
have comparable shapes and sizes. Since the PDCL measure-
ment is performed during an operation and the knee joint is
opened mostly through the medial aspect, the medial condyle is
selected to take advantage of better accessibility [12-14].

The anterior half of the medial condyle is the extension of the
distal femoral shaft and has no landmark to define the proximal
border. The posterior half of the medial condyle or the posterior
medial condyle (PMC), however, provides a distinct proximal
boundary to allow for measuring. Anatomically, the PMC is conflu-
ent with the anterior half of the condyle anteriorly. On its distal and
posterior aspects, there is the articular surface. The lateral side of
the PMC is the medial wall of the intercondylar fossa. The medial
surface of the PMC is the medial aspect of the knee joint familiar
to most surgeons. The proximal surface of the PMC, an area not
accessed in regular surgery, is overlaid by the joint capsule and the
subtendinous bursa of the gastrocnemius muscle [12-14].

The proximal condylar margin of the PMC is formed by the
junction of the proximal and medial surface of the PMC, which
is the strategic structure for measuring the PDCL. Since the
PMC projects obliquely from the femoral shaft in a posterior
and distal direction, it is the most anterior part of this margin or
the most proximal condylar margin (MPCM). It marks the most
proximal end of a condyle or the starting point of the PDCL
and constitutes the focus of our study [12-14] [Figure 1].

Dried bone specimen study on the most proximal
condylar margin

An inspection of dried bone specimens from our anatomy
laboratory was performed to investigate the detailed anatomy
of the MPCM, with emphasis on its capability as an unambigu-
ous landmark for measurement of the PDCL [Figure 2].

Cadaveric simulation surgery to find the most proximal
condylar margin and measure the proximal-distal
condylar length

Cadaveric dissections were carried out to test if the MPCM
can be found readily and if the PDCL can be measured accord-
ingly in a surgical setting. The authors certified that appropriate
consent forms have been obtained at the time participants donated
their bodies. Seven fresh frozen cadavers (5 men, 2 women, age at
death 49-82 years, average age 68 years) were employed for sim-
ulation surgery of a knee arthrotomy for total knee arthroplasty.
The joint was incised through a midline skin incision. A medial
parapatellar arthrotomy was carried out to expose the joint. The
MPCM was located at the proximal aspect of the wound. Once
the MPCM was labeled, the distance from this point to the distal
condylar tangent, with reference to the anterior—posterior condy-
lar axis, was measured using a caliper [Figure 3].

Two surgeons participated in the dissection. The first
surgeon located the MPCM and measured the PDCL on one
randomly selected knee of each cadaver. The second surgeon

repeated the same procedures on the other knees. All measure-
ments were performed in triplicate, and the mean value was
used. By doing so, each surgeon measured untouched knees to
avoid any influence from the previous operation. Since knees
on both sides presumably had identical anatomy, it was con-
sidered that each surgeon conducted experiments on the same
group of specimens. This arrangement met the requirement for
statistical analysis using an interobserver reliability test.

Statistical analysis

The mean, range, and standard deviation for the measurements
of the PDCL on the 14 knees were determined. The intraclass
correlation coefficient (ICC) was then calculated to assess interob-
server reliability for this measurement using the data obtained by
the two surgeons. Statistical analysis was performed using SPSS
software (version 17.0; SPSS, Inc., Chicago, IL, USA).

RESULTS

Observation of the proximal aspect of the medial femoral
condyle showed that the MPCM is a concavity formed by the
junction of the distal end of the medial supracondylar ridge and
the proximal condylar margin. This distinctive geography made
the MPCM an unambiguous landmark. Looking more closely,
the MPCM is a corner structure turning from the medial surface
into the proximal surface of the medial condyle. This corner
topography means that the MPCM can mark the proximal limit
of the condyle (i.e., a tipped instrument can be engaged there
to label the site). Anteriorly, the distal end of the medial supra-
condylar ridge, or the proximal limb of the concavity, furtherly
defines the boundary of the MPCL and adds to the precision of
locating the MPCM [Figure 2].

Two steps were involved in finding the MPCM in the
operative field in the cadaveric simulation surgery: first, deter-
mining the approximate location of the MPCM, followed by
inserting a tipped instrument to engage and label the MPCM.
To find the approximate location of the MPCM, the surgeon
might palpate the bony condylar margin in the proximal aspect
of the operative field and trace it to the most anterior part with
a fingertip. When the overlying soft tissue is thick and hinders

Figure 1: A dry bone specimen demonstrating the posterior medial condyle, the
proximal condylar margin (dotted rectangle), and the most proximal condylar
margin (open arrow). AMC: Anterior medial condyle
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Figure 2: The most proximal condylar margin (open arrow) is a concavity formed
by the junction of the distal end of the medial supracondylar ridge (arrows) and the
anterior end of the proximal condylar margin (arrowheads), a structure allowing
unambiguous identification

palpation, the medial epicondyle could be used as a guide. The
MPCM is located about 2 cm proximal to the medial epicondyle
along the direction parallel to the femoral shaft. In the next step,
the surgeon could use a tipped instrument to pierce the overly-
ing soft tissue and slide the tip of the instrument on the bony
surface to and fro to find the “corner” topography at the approx-
imate location of the MPCM. Once the tip reaches and engages
this area, it is then turned anteriorly to check the vicinity of the
supracondylar ridge to assure that the instrument is confined
within the bony concavity and the search is correct [Figure 3].
The above-mentioned technique ensures that the MPCM can be
identified without interference from overlying soft tissue layers.
At the completion of each observation, open dissection was
done in each knee to prove that the landmark was indeed the
MPCM as in the dried bone specimen.

Although the MPCM is situated on the periphery of the
operative field and the space for measurement is limited, the use
of a small tipped instrument can offset this problem. Locating
the MPCM was easy to perform on all of the 14 knees, with the
procedure on each knee being finished within a few seconds. The
measuring procedure was performed superficially. The tipped
instrument intruded less than 5 mm into the proximal surface of the
medial condyle, a depth that would not jeopardize vital structures.

The PDCL obtained from the seven pairs of knees was
47 £ 5 mm (range: 41-57 mm). The coefficient of variance
was relatively low at 10%. The ICC was estimated at 0.78,
indicating this measurement had sound interobserver reliability.

Discussion

It is known that the length, width, and height are three
elements of equal importance to define the shape and volume
of a cube. The femoral condyle is shaped like a cube, and the
anterior-posterior and medial-lateral lengths are two of the three
elements. The PDCL measurement is characterized as running
from the proximal end to the distal end of the medial femoral
condyle, as well as being almost perpendicular to the other two
measurements. These properties may account for the PDCL
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Figure 3: Measuring the proximal-distal condylar length in cadaveric simulation
surgery. Note that the tip of a hemostat engaged in the bony concavity is used to label
the most proximal condylar margin and that a caliper is used to measure the distance
from this landmark to the distal condylar surface. Much of the overlying synovium
has been removed to better demonstrate the most proximal condylar margin

being regarded as the third element. To our knowledge, this is
the first study conducted to investigate the PDCL, whose impor-
tance for knee arthroplasty has been unnoticed. In fact, several
important management strategies in knee arthroplasty fall into
the category of maintaining this dimension such as the amount
of distal femoral bone cut, the thickness of the femoral compo-
nent manufactured, and joint line level restoration in revision
arthroplasty, to name a few. Currently, surgeons use indirect
ways to assure the intactness of this dimension during surgery,
for example, measuring the thickness of the osteotomized bone
to assure the correctness of the bone cut or using various land-
marks other than the MPCM to identify and secure the joint
line position [11,15-21]. Since these indirect approaches are
still workable and the anatomy of the MPCM is unfamiliar to
most investigators, the PDCL has not been studied previously.
If locating the MPCM and measuring the PDCL can be well
defined and introduced, it might be more straightforward and
logical to use these measures than some of the above-mentioned
procedures.

Applying the concept of the PDCL to deal with joint line
management is a pertinent approach. Currently, various land-
marks such as the tibial tuberosity, fibular head, lower pole of the
patella, and medial epicondyle are used as references to check
the joint line level to determine the adequacy of bone restora-
tion during surgery [11,15-21]. All of these efforts actually are
aimed to restore the preoperative PDCL although none of the
above-mentioned landmarks is a direct indicator to evaluate the
PDCL. If the MPCM is used as the landmark and the PDCL is
the joint line distance value, joint line management would be
more direct and meaningful. The surgeons would be automati-
cally reminded of the original meaning of joint line management,
i.e., to restore the preoperative proximal-distal span of the femoral
condyle as much as possible, and they would better adhere to this
important surgical principle during surgery.

In addition to joint line management, the PDCL might also
play a role in the selection of sizes of femoral components. Each
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contemporary instrumentation system of knee arthroplasty pro-
vides its own gauging device to determine the sizes of femoral
components, which is effective and convenient most of the time.
When an in-between size is read on the gauging device, the
surgeon has to apply additional measurements to decide on the
most appropriate size. While many choose to follow the princi-
ple of selecting a smaller or larger size according to whether the
anterior or posterior referencing system is used [22-24], others
rely on secondary references such as the medial-lateral dimen-
sions of the femoral condyle [22]. In this regard, the PDCL,
which is also a size-indicating dimension, can theoretically be
a secondary reference. For example, a smaller or larger com-
ponent can be chosen depending on a smaller or larger PDCL
value. This approach is especially relevant when a good match
between the prosthesis and the posterior condyle of the host
bone in the proximal to distal direction is desired.

This study elucidated the anatomy of the proximal aspect
of the femoral condyle so that the MPCM can be defined and
the PDCL measured. The MPCM is located at the very periph-
ery of the operative field in a knee surgery, posing difficulty in
reaching this target. In addition, the MPCM is rarely involved
in routine surgical procedures. These unfavorable features
have prevented investigation of the PDCL. Understanding the
anatomy of the proximal aspect of the medial condyle, there-
fore, is the key to developing a method to measure the PDCL.
In this study, we first reviewed the anatomy and determined
that the MPCM should be the starting point for measuring the
PDCL. In the dried bone specimen study, we observed that the
MPCM indeed had a distinctive structure to act as an ideal
starting point. Meanwhile, suggested use of a tipped instrument
facilitated locating the landmark in such a limited space. In the
cadaveric study, we proved that the MPCM could be found
readily in a surgical setting. A sound ICC value of 0.78 indi-
cated good interobserver reliability for the PDCL measurement,
allowing its application in actual surgeries. The results of the
study support the MPCM as an unambiguous starting point for
a meaningful PDCL measurement.

Although we have defined the landmark of MPCM and
proposed measurement of the PDCL, this new technique will
be regarded as relevant only when the clinical applications we
have discussed prove it is useful. However, in this study, no
investigations were performed to evaluate the role of the PDCL
in either determination of the joint line position or selection
of the size of femoral components. This is a limitation of this
study and future work must be done. The technique and data
obtained here can act as references for a pilot study for future
research.
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