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Use of a Fluoroscopic Overlay to Guide
Femoral Tunnel Placement During Posterior
Cruciate Ligament Reconstruction

Paulo H. Araujo,*y MD, Gele Moloney,* MD, Gustavo Rincon,* MD, Robert Carey,z BS,
Xudong Zhang,*z§|| PhD, and Christopher Harner,* MD
Investigation performed at the University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Background: Intraoperative recognition of the local anatomy of the posterior cruciate ligament (PCL) is difficult for many sur-
geons, and correct positioning of the graft can be challenging.

Purpose: To investigate the efficacy of an overlay system based on fluoroscopic landmarks in guiding femoral tunnel placement
during PCL reconstruction.

Study Design: Controlled laboratory study.

Methods: Twenty cadaveric knees were arthroscopically prepared, and their PCL femoral insertion sites were digitized. The dig-
itized images were co-registered to computed tomography–acquired 3-dimensional bone models. Twenty surgeons with diverse
backgrounds performed simulated arthroscopic reconstruction of the anterolateral (AL) and posteromedial (PM) bundles of the
PCL, first without and then with the aid of a lateral fluoroscopic image on which the position of a target insertion site based
on literature data was displayed as an overlay. The surgeons were allowed to adjust tunnel placement in accordance with the
displayed target position. A 3-way comparison was made of the tunnel positions placed by the surgeons, the native insertion
site positions, and the literature-based positions.

Results: The overlay system was effective in helping surgeons to improve femoral tunnel placement toward the target and toward
the anatomic insertion site (P\ .05). For femoral AL tunnel placement, surgeons needed 2.35 6 2.21 extra attempts, which added
an extra 80.00 6 67.95 seconds to the procedure. For PM tunnel placement, surgeons needed 1.80 6 1.88 extra attempts, adding
66.00 6 70.82 seconds to the simulated surgery. In their first attempts, more than half of the surgeons positioned either the AL or
PM femoral tunnel .5 mm from the native insertion site. With the use of the overlay, 70% of the surgeons were\5 mm away from
the PM and 75% from the AL native insertion site.

Conclusion: The use of a fluoroscopic overlay to guide intraoperative placement of the femoral tunnel(s) during PCL reconstruc-
tion can result in more anatomic reconstructions and therefore assist in re-creating native knee kinematics after PCL
reconstruction.

Clinical Relevance: Intraoperative fluoroscopy is an effective, easy, and safe method for improving femoral tunnel positioning
during PCL reconstruction.

Keywords: PCL reconstruction; fluoroscopy; computer-assisted surgery; PCL insertion sites

The posterior cruciate ligament (PCL) is the primary poste-
rior stabilizer of the knee and a secondary restraint to exter-
nal tibial rotation. It has about twice the maximum strength
of the anterior cruciate ligament (ACL).14,17,42 Injuries to
the PCL are relatively infrequent compared with ACL inju-
ries; yet, their incidence is reported to be 1% to 40% of acute
knee injuries, and they remain a topic of investigative inter-
est in the field of sports medicine.23,29 In general, isolated
grade I or II PCL injuries cause only minor disabil-
ities26,37,39 and are usually treated nonoperatively.12,40

Grade III PCL injuries or PCL injuries combined with other
ligament injuries require surgical repair.10,15 Compared
with ACL reconstruction, PCL reconstruction is a relatively
uncommon procedure, with even the more experienced sur-
geons performing fewer than 10 reconstructions per year.13
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Anatomy and biomechanics studies have focused on the
2 functional bundles of the PCL: the anterolateral (AL) and
the posteromedial (PM).1,2,4,16,18,31 These 2 bundles have
distinct insertions onto the tibia and femur and exhibit dif-
ferent tension patterns that are important for the mechan-
ical functions that they serve.18,37 The AL bundle is taut in
flexion and is approximately twice the size of the PM bun-
dle, which is taut in extension.14,33

Despite advances in knowledge of the knee anatomy
and biomechanics as well as surgical techniques, PCL
reconstruction remains a complex and technically demand-
ing procedure. One challenging aspect is the intraoperative
identification of PCL insertion sites. A PCL rupture is usu-
ally a late diagnosis, despite the known mechanisms of
injury and symptoms.36 As a chronic injury, when the
PCL injury is surgically approached, soft tissue and bony
landmarks are not easily visualized. In addition, because
of relative unfamiliarity with the procedure, recognition
of the local anatomy is difficult for many surgeons, and cor-
rect positioning of the graft can be challenging.

Many methods have been developed to aid in femoral
tunnel placement, such as the clock-face reference,1,11 the
femoral chondral border,2,14,31 the roof of the notch and
the medial femoral condyle length,43 the anterior cortex
line of the femoral condyles,20 and computer navigation.35

The quadrant method derived from the Bernard et al6

study for ACL tunnel placement has recently been pro-
posed to aid in PCL tunnel placement by some authors.27,32

The latest development has been a new image overlay,
based on the Bernard et al6 quadrant method and designed
to assist with intraoperative placement of the femoral tun-
nel during PCL reconstruction. This overlay utilized the
locations for AL and PM femoral insertion sites of the
PCL as presented by Lorenz et al.27

The purpose of the current study was to investigate
whether this imaging system based on fluoroscopic land-
marks could guide surgeons toward a target location,
thus evaluating its efficacy in improving anatomic femoral
tunnel placement during PCL reconstruction. Our hypoth-
eses were that femoral PCL tunnel placement would be
facilitated by the use of an overlay based on fluoroscopic
landmarks and that the overlay would also assist surgeons
in performing more anatomic reconstructions.

MATERIALS AND METHODS

Specimen Preparation

This study, involving cadaveric specimens and human par-
ticipants, was approved by our institution’s Committee for
Oversight of Research and Clinical Training Involving
Decedents (CORID) and institutional review board.
Twenty fresh-frozen cadaveric human knees (mean age,
60.6 years; range, 48-67 years) were used in this study.
After a 24-hour thawing process, each specimen went
through the following sequence of steps:

1. The skin and soft tissue were dissected from the tibia
and femur, leaving intact the capsule and all tissues
surrounding the knee joint. For image co-registration

purposes, 6 spherical fiducial markers (precision nylon
spheres; radius, 9.525 mm) were rigidly affixed to the
tibia and femur, with 3 on each bone in a noncollinear
manner and at least 6 cm away from the joint line.
With the fiducial markers attached, high-resolution
(slice spacing, 0.625 mm) computed tomography (CT)
scans of the knee were taken in our institution’s clinical
radiology facility.

2. The knee underwent an arthroscopic procedure using
a 3-portal technique performed by an experienced
surgeon (P.H.A.).3 The PCL was removed after identi-
fication of the AL and PM bundles based on fiber direc-
tion and tension during knee flexion and extension,
leaving approximately 2 mm of stump to guide digitiza-
tion of the insertion site (Figure 1). Twenty to 25
points outlining each PCL bundle attachment were
digitized and recorded using a surgical navigation sys-
tem (Polaris Spectra, NDI), which has a vendor-
reported accuracy of 60.3 mm. The fiducial markers
were also ‘‘painted’’ using the digitization pointer of
the navigation system to facilitate the subsequent
co-registration of images. After the digitization pro-
cess, the 2-mm stump of the PCL was completely
removed arthroscopically using thermal ablation. The
knee was then stored in a refrigerator ready for testing
the next day.

3. A 3-dimensional (3D) bone model was reconstructed for
each specimen from its CT scans using Mimics software
(Materialise). Insertion morphological data collected by
the digitization process were co-registered with corre-
sponding 3D CT-based bone models by a procedure
that best matched the fiducial markers measured from
the CT and digitization modalities25 (Figure 2). This
procedure was performed to determine the native inser-
tion sites of the AL and PM bundles of the PCL in each
knee. The reported fiducial registration error of the pro-
cedure was 2%.

Figure 1. Femoral posterior cruciate ligament insertion site
after ligament removal. A 2-mm stump was preserved to
aid in the digitization process.
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Arthroscopic and Simulated Femoral PCL Tunnel
Placement

A total of 20 orthopaedic surgeons were invited to each per-
form simulated arthroscopic surgery on a randomly
selected prepared knee specimen. The group of surgeons
was composed of 1 sports fellowship–trained orthopaedic
surgeon, 10 orthopaedic sports surgeons participating in
a visiting fellowship program at our institution, 3 sports
medicine fellows, and 6 chief residents. The femur was
positioned in a fixation device, reproducing the operating
position in 90� of flexion. The tibia could be freely moved.
Before the start of the simulated surgery, an initial lateral
fluoroscopic image of the knee, aligned to maximize the
overlap of the posterior femoral condyles, was obtained.

Using arthroscopic visualization, each surgeon was
asked to touch, with a pointed awl, the femoral locations
for the AL and PM tunnels for PCL reconstruction. The
order in which these tunnels were identified was random-
ized across the surgeons. A lateral fluoroscopic image of
the knee was taken after the surgeon was satisfied with
the chosen arthroscopic position, with the surgeon’s tunnel
position indicated by the tip of the awl.

An overlay provided by a software program (Smith &
Nephew) designed to show the ‘‘ideal’’ or target femoral
tunnel positions for PCL reconstruction was then placed
on the fluoroscopic image (Figure 3). The target tunnel
positions for the AL and PM bundles were determined
from existing literature data27 and expressed as coordi-
nates (in percentages) in a specimen-specific coordinate
system. As a modification of the quadrant method
described by Bernard et al6 for ACL reconstruction, the
coordinates were defined by the most anterior and poste-
rior edges of the Blumensaat line and a perpendicular
line extending to the distal edge of the femoral condyles.
A specimen-specific frame was created by this software
according to the bony landmarks selected by an experi-
menter. With both the selected point and target point in

view, the surgeon decided whether to make an adjustment
or keep the achieved position. The process was repeated as
many times as needed until the surgeon felt the position
was close enough to the given target point.

Imaging Analysis

The distance between the target point and the surgeon’s
chosen position, indicated respectively by the target point
displayed by the overlay and the tip of the awl, was calcu-
lated from calibrated fluoroscopic images for each attempt.
This was used as a measure of error in tunnel placement.
The efficacy of the imaging system in guiding a surgeon
to the target point was documented by registering the
number of attempts and time to reach the final satisfactory
position. The measurements were taken for femoral tunnel
placement for both the AL and PM bundles.

The distance between the surgeon’s position and the
center of the native femoral insertion site was measured
to evaluate whether the imaging system was leading sur-
geons to an improved anatomic tunnel position. The differ-
ences between a surgeon’s chosen point and the overlay
target and to the center of the native insertion site were
categorized as \2.5 mm, 2.5 to 5 mm, and .5 mm. Five
millimeters approximates the radius of a typical 10-mm
drill used for PCL reconstruction.

Statistical Analysis

The mean 6 SD of the distance from the surgeon’s chosen
position to the target position, as well as from the surgeon’s
position to the native insertion site position, were calcu-
lated. A Student t test was used to determine whether

Figure 2. Three-dimensional computed tomography bone
model with the digitized femoral posterior cruciate ligament
insertion site co-registered.

Figure 3. The overlay system placed on the fluoroscopic
image.
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there was a significant difference between the positions
after the first and last attempts across the 20 surgeons.
The mean time to achieve a satisfactory tunnel position
and the mean number of attempts were also calculated.

RESULTS

Table 1 and Figure 4 summarize the results from this
study.

AL Tunnel Placement

The surgeons’ first and last attempts were, on average, 3.64
6 3.11 mm and 1.11 6 0.71 mm, respectively, from the over-
lay target of the AL bundle (P \ .01). The first and last
attempts to place the femoral AL tunnel were a respective
5.67 6 3.77 mm and 3.94 6 2.23 mm from the native inser-
tion site in the group of 20 surgeons (P \ .05).

PM Tunnel Placement

The surgeons’ first and last attempts were, on average,
3.19 6 2.00 mm and 1.18 6 0.62 mm, respectively, from
the overlay point (P \ .01). The first and last attempts to
place the femoral PM tunnel were 6.05 6 3.50 mm and
3.98 6 1.91 mm, respectively, from the femoral native
insertion site and were statistically different (P = .01).

For AL bundle reconstruction, the surgeons’ placements
were overall more anterior with respect to the native inser-
tion; for PM bundle reconstruction, the placements were
largely anterior and proximal during the first attempt
but exhibited no obvious pattern nor bias in the last trial
with respect to the insertion.

DISCUSSION

The results of this study demonstrate that the fluoro-
scopic overlay system could effectively guide surgeons
toward a target point in placing a femoral PCL tunnel
for anatomic reconstruction. To our knowledge, this was
the first study that quantitatively evaluated the effective-
ness of a fluoroscopic overlay system in guiding femoral
PCL tunnel placement.

The clinical significance of this study lies in the fact that
while surgeons are becoming increasingly aware of the

importance of anatomic placement of the femoral tunnel
during PCL reconstruction, they also need assistance in
achieving such a placement in a relatively infrequent pro-
cedure. McGuire and Hendricks28 reported superior clini-
cal outcomes after 2-year follow-up comparing anatomic
to nonanatomic double-bundle PCL reconstruction. Incor-
rect placement may lead to graft impingement, increased
laxity, loss of motion, and functional deficits.35 Around
85% of surgeons perform fewer than 10 ACL reconstruc-
tions per year,13 which projects an even lower number for
PCL reconstructions by surgeon per year. These numbers
may explain the results shown in the current study in
which more than half of the surgeons initially placed the
PCL femoral tunnel more than 5 mm away from the ana-
tomic insertion site. Therefore, reliable tools to aid sur-
geons in placing the femoral tunnel(s) to achieve
anatomic positions are helpful.

Rosenberger et al35 presented a 2-dimensional (2D) fluo-
roscopic navigation system for PCL reconstruction with an
accuracy of 1.3 mm in femoral tunnel placement to aid in
anatomic tunnel positioning. This method requires fluoro-
scopic images from 2 perpendicular views (anteroposterior
and lateral) that are computer processed for later use by
the navigation system. Therefore, in the best-case sce-
nario, 2 fluoroscopic images are required to set the 2D nav-
igation system, limiting the risk of radiation exposure. The
fluoroscopic overlay system utilized in the current study,
on the other hand, allows for accuracy of 1.11 6 0.71 mm
toward the target point for AL and 1.18 6 0.62 mm for
PM femoral tunnel placement. The radiation exposure
using the overlay system is limited to less than 4 additional
images for double tunnel positioning (2.35 6 2.21 for the
AL bundle and 1.80 6 1.88 for the PM bundle). These extra

TABLE 1
Extra Attempts and Time Added to Each PCL

Femoral Tunnel Positiona

AL Bundle PM Bundle

No. of extra attempts, mean 6 SD 2.35 6 2.21 1.80 6 1.88
Median 1.5 2
Range 0-8 0-8

Extra time, s 80.00 6 67.95 66.00 6 70.82

aAL, anterolateral; PCL, posterior cruciate ligament; PM,
posteromedial.

Figure 4. Number of surgeons who positioned the femoral
tunnel .5 mm, 2.5 to 5 mm, and \2.5 mm from the overlay
target or the native insertion site in their first and last
attempts in simulated posterior cruciate ligament femoral
tunnel positioning for the anterolateral (AL) and posterome-
dial (PM) bundles.
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attempts add 2 minutes and 26 seconds, on average, to the
regular surgery for double tunnel placement (80.00 6

67.95 seconds for AL bundle and 66.00 6 70.82 seconds
for PM bundle), which seems to be an insignificant
increase in surgical time. The additional time, however,
does not include the C-arm setup and draping, which cer-
tainly would not increase the surgical time up to signifi-
cant levels that would preclude its use in the operating
room. There is no report on additional time for the 2D nav-
igation system to establish a comparison. The overlay sys-
tem introduces other benefits compared with the
Rosenberger et al35 method: first, the infrastructure neces-
sary for the overlay system is simpler, as only a C-arm and
a user-friendly software program are needed to generate
the overlay targets; second, it is more cost effective than
a computer navigation system.

Johannsen et al20 recently published a cadaveric study
presenting radiographic landmarks to identify PCL bundle
attachments. They concluded that a lateral view of the
knee is the most appropriate view to guide femoral and tib-
ial tunnel placement. Our study is in agreement regarding
the most appropriate radiographic view to project the over-
lay system, but because Johannsen et al20 did not evaluate
the effectiveness of their method, a comparison in that
regard is not feasible.

Lorenz et al27 and Osti et al32 also used cadaveric
models to determine the anatomic position for the femoral
PCL attachment. Both studies utilized a system derived
from the Bernard et al6 quadrant method, but the intra-
operative effectiveness of their measurements was not
evaluated.

Our study utilized an overlay system based on the mea-
surement findings of Lorenz et al27 and supported the effi-
cacy of the overlay system in guiding surgeons toward
a target location for arthroscopic PCL tunnel placement.
For both AL and PM tunnel placement, the overlay system
helped surgeons to position the femoral tunnel(s) closer to
the software-displayed point (P \ .05). The fluoroscopic
overlay system, based on the quadrant method,6 utilizes
the Blumensaat line and a perpendicular line to the distal
edge of the femoral condyles to create a frame where the
different sides constitute the x- and y-axes. The target
position is given by the confluence of certain percentage
points within these axes. It is known that these percen-
tages reflect the average population characteristics but
may not always represent a specific knee’s anatomy.
Therefore, the overlay system was tested in this study for
its capability of guiding surgeons toward a target point cor-
responding to an improvement in anatomic positioning for
individual knees. In the tested scenarios, the overlay sys-
tem was shown to help surgeons to place femoral tunnel(s)
closer to the anatomic position (P \ .05) when compared
with the first attempt before fluoroscopy.

The ideal treatment for PCL injuries remains controver-
sial. Nonoperative treatment for grade I and II PCL inju-
ries has been historically advocated with good
outcomes.12,40 However, many other studies on the long-
term outcome for PCL insufficiency point to the develop-
ment of knee osteoarthritis of the medial and patellofe-
moral compartments and an overall decline in knee

function.8,10,21 Moreover, PCL reconstruction has been per-
formed by either a single- or double-bundle technique. The
single-bundle approach is the most performed technique of
PCL reconstruction and aims to reconstruct the AL bundle
of the PCL, which is the larger of the 2 bundles.44 Despite
good kinematics compared with the intact PCL from 0� to
60� of knee flexion, isolated AL reconstruction did not
control knee laxity from 90� to 130� of knee flexion. On
the other hand, according to the same study, only double-
bundle reconstruction could restore normal knee laxity
across the full range of motion.34 Harner et al16 showed
in a cadaveric study that double-bundle PCL reconstruc-
tion could more closely reproduce the biomechanics of the
intact knee compared with single-bundle reconstruction.
However, another study on the same topic showed no
differences in posterior-anterior translation comparing
inlay single- and double-bundle PCL reconstructions.5

Clinically, the same controversy exists, with some
authors showing good outcomes for the single-bundle
approach,7,22,24,38 while others demonstrate good results
for double-bundle reconstruction.9,41 The current study
showed that surgeons could be guided toward a target
point provided by an overlay system. Moreover, the overlay
system helped surgeons to place the femoral tunnels closer
to the anatomic insertion site for double-bundle recon-
struction. This study did not focus on single-bundle femo-
ral tunnel placement. However, considering that the AL
insertion site is chosen by most of the authors for single-
bundle placement,44 the results obtained for AL femoral
tunnel placement in this study also confirm that the over-
lay system can help surgeons in single-bundle PCL
reconstruction.

A recent study by Moloney et al30 showed the results of
the same overlay system applied to ACL reconstruction. In
that study, the authors demonstrated that the overlay sys-
tem could be used as an effective adjunct to arthroscopic
visualization, allowing for more consistent tunnel place-
ment during anatomic ACL reconstruction. For both the
ACL and PCL, anatomic reconstruction has been shown
to provide better outcomes compared with nonanatomic
surgeries.19,28 The results of these studies corroborate
the efficacy of the overlay system in aiding PCL and ACL
anatomic reconstructions.

A few limitations of this study are acknowledged. First,
the 20 participating surgeons were from our own institu-
tion and overall were well versed in the anatomic recon-
struction concept and technique. This may be a biased
group not representative of orthopaedic surgeons at large.
We, however, did pay attention to recruiting participants
with diverse backgrounds and levels of surgical experience.
Second, the quadrant method, on which the overlay target
is based, requires a true lateral fluoroscopic incidence. In
this laboratory study, ample time was allowed to ensure
optimal lateral positioning for fluoroscopy, which may not
be practical in a real intraoperative setting. In the operat-
ing room, many times, a mini C-arm is available, which is
much easier to manipulate with lower radiation exposure
as compared with regular fluoroscopy. Therefore, in
a real-world setting with a mini C-arm, it is possible to
obtain satisfactory lateral images within a manageable
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number of attempts and radiation safety limit. Third, the
PCL, ACL, and synovial tissues were removed in this study
from the intercondylar notch as the same knees were used
to test a similar overlay system designed for ACL recon-
struction, resulting in an empty notch with an unob-
structed view of the lateral wall of the medial condyle.
This could have benefited the surgeons in correctly placing
the PCL tunnels. In other words, without this improved
visibility of the notch, the overlay system might have dem-
onstrated an even more salient positive effect on femoral
tunnel anatomic placement.

In conclusion, a fluoroscopic overlay system based on PCL
insertion morphological data could help surgeons improve
femoral tunnel placement. The overlay assistance adds
a modest manageable amount of time to the operation and
a low, safe amount of radiation exposure but can result in
a more anatomic placement for the femoral PCL tunnel(s).
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