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Background: It is common to place the posterior cruciate ligament (PCL) tibial tunnel with a transtibial technique using a guide that
attempts to place the center of the tunnel 1 to 1.5 cm distal to the tibiofemoral joint. It is unknown how well this technique will
re-create the native tibial footprint of the PCL.
Purpose: To evaluate the accuracy of tibial tunnel placement using a transtibial technique.
Study Design: Controlled laboratory study.
Methods: Ten cadaveric knees from 10 donors underwent arthroscopic transtibial drilling of the tibial tunnel with use of a posteromedial portal for visualization. The transtibial guide was rested flush against the tibial spines to allow for the guide to be as distal
as possible, which was between 1 and 1.5 cm distal to the tibiofemoral joint line. Using this technique, an attempt was made to
place the tibial tunnels as close to the center of the PCL footprint as possible. All knees underwent computed tomography both
pre- and postoperatively with a previously reported technique optimized for ligament evaluation. This allowed comparison of the
anatomic PCL tibial footprint to the tibial tunnel aperture. The percentage of tunnel aperture contained within the native footprint as
well as the distance from the center of the tunnel aperture to the center of the footprint was measured.
Results: The percentage of tunnel aperture contained within the native footprint was 45.9% ± 23.1%. The distance from the center
of the tibial tunnel aperture to the center of the tibial PCL footprint was 6.4 ± 2.3 mm. The tunnels were almost always (9/10) distal
(or inferior) to the native footprint and either slightly lateral (5/10) or centered (5/10) in a medial to lateral direction.
Conclusion: This study demonstrates that using the transtibial drilling technique in the tibia for PCL reconstruction places
approximately half of the tibial tunnel aperture within the tibial footprint. Generally, the tunnel is distal to the footprint.
Clinical Relevance: Consideration should be given to the fact that, using this transtibial technique, the tibial tunnel aperture is
generally not placed in the center of the footprint. This may not be a negative issue, however, since there are other potential
advantages from distal tunnel placement.
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Reconstruction techniques following posterior cruciate ligament (PCL) rupture have been evolving as indications for
surgery have become better defined.4,29 On the tibial side,
there are many ways of performing the reconstruction,

including a transtibial tunnel, open tibial inlay, and
arthroscopic tibial inlay.17,27 To date, one of the most commonly used techniques is the transtibial approach, and
overall good outcomes using this technique with various
femoral tunnel techniques have been reported.13,20-22 The
goal in any PCL reconstruction is to re-create the normal
anatomy as closely as possible to restore the normal function and mechanics of the PCL.6 It is not known how well
the transtibial technique re-creates the anatomy of the
PCL tibial footprint. The purpose of this study, therefore,
was to compare the tibial tunnel aperture in the transtibial technique with the native PCL tibial footprint in order
to assess how well the new graft is placed in the center of
the native anatomy.
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Ten fresh frozen cadaveric knees from 10 separate donors
(9 males, 1 female) were used for the study, with a mean age
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Figure 1. Sagittal computed tomography (CT) image demonstrating the technique for marking the tibial attachment of the
posterior cruciate ligament (PCL) in a study cadaver. The
high-dose 80-keV soft tissue scan algorithm allows for confident and accurate identification of the PCL footprint. The PCL
(white arrows) is seen discretely. The black line represents the
marking placed on each sagittal CT image where PCL fibers
attach to the tibia. The black arrows represent the anterior
and posterior extent of the PCL footprint.
of 75.8 ± 11.5 years. There was equal representation of right
and left knees, and the sides were randomly selected during
tunnel preparation.

Computed Tomography Technique
and Image Processing
Prior to any intervention, all knees underwent dual energy
computed tomography (CT) scanning in a dual energy scanner (Siemens SOMATOM Definition; Siemens, Erlangen,
Germany) using a technique optimized for ligament evaluation in a cadaver. After each knee had undergone transtibial tunnel drilling, they were rescanned. Commercially
available third-party software (iNtuition; TeraRecon, Foster City, California, USA) was then used for image processing. The software is approved by the Food and Drug
Administration and the tools are considered precise and
accurate as they are based on universal DICOM (Digital
Imaging and Communications in Medicine) clinical image
standards. The software has been used for similar applications in previous orthopaedic publications.23,24 On the
preintervention scans, sagittal reformats created from the
80-keV soft tissue algorithm axial data set were used to
identify the PCL footprint (Figure 1). A line running from
the anterior to the posterior extent of the PCL tibial attachment on the PCL facet was marked on each 0.625-mm sagittal slice through consensus of an orthopaedic surgeon and
a musculoskeletal radiologist, while cross-referencing the
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Figure 2. Fusion image from transtibial drilling demonstrating
the combined data from the preoperative and postoperative
computed tomography scans as well as the consensus manual labeling of the posterior cruciate ligament (PCL) tibial footprint. The red outline represents the tibial footprint, while the
green outline represents the tunnel aperture. The overlap of
these outlines was used to calculate the percentage of tunnel
aperture within each footprint. Straight lines were used to
identify the center of each outline, and center points were
used to measure the distance between the footprint and aperture. In addition, the center points were used to describe the
direction of orientation of the tunnel aperture relative to the
footprint; the aperture is nearly directly distal in this case.
axial and coronal images for guidance when needed. Applying the multiplanar reformatting tool, we created images
oriented in an oblique axial plane parallel to the bony surface at the PCL tibial attachment, thus placing as many
sagittal markings in one image as possible. The software
was then used to fuse the marked preintervention with the
postintervention CT scans, and the native tibial PCL footprint and the tibial tunnel aperture were both labeled circumferentially. This allowed anatomic comparison of the
PCL footprint to the drill tunnel aperture (Figure 2). It
should be noted that these are not conventional CT scan
parameters, and the radiation dose would not be acceptable
in live persons.
The percentage of tunnel aperture contained within the
native footprint was measured. In addition, the distance
from the center of the tunnel aperture to the center of the
footprint was measured. The center points of both the footprint and tunnel aperture were identified by placing 1 horizontal and 1 vertical line within each outlined area. Each
line equally divided the area of either the footprint or aperture; the intersection of the lines therefore represented the
center point (Figure 2). The center points were also used to
identify the direction of the center of the tunnel aperture in
relation to the center of the native footprint (Figure 2).
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Figure 3. View from the lateral parapatellar portal guide through medial parapatellar portal at (A) initial entry and (B) once it is fully
seated distally against the tibial spines. View from the posteromedial portal guide through medial parapatellar portal at (C) initial
entry and (D) once it is fully seated distally against the tibial spines.

Finally, footprint surface area was noted, allowing us to
confirm consistency of the measurements with previously
reported surface areas of the PCL tibial footprint.

Reconstruction Technique
Standard medial and lateral parapatellar arthroscopic portals were created. The proximal portion of the PCL was
debrided using a shaver until it was possible to visually
place a posteromedial portal. The arthroscope and shaver
were interchanged through the anterior portals and the
posteromedial portal until the PCL was debrided to a cuff
of tissue on the tibia. Care was taken to preserve the entire
footprint for visualization of the footprint during drilling. A
Smith & Nephew Endoscopy Acufex external tibial tunnel
drill guide (Andover, Massachusetts, USA) set at 60 was
then advanced into the joint. The guide was set as flush
against the tibial spines as possible to allow the tip of the
guide to reach as distal on the tibia as possible (Figure 3).
In all specimens, this measured 1 to 1.5 cm distal to the

joint line.7,13,21,25,26 Under direct visualization with the
arthroscope in the posteromedial portal, the tip of the guide
was centered in the footprint in a medial to lateral direction. To further enhance the medial to lateral centering, the
mamillary bodies were also used as tactile feedback using
the tip of the guide. The guide pin was then drilled transtibial with a starting point on the anteromedial tibia between
the anterior fibers of the MCL and the tibial tubercle while
avoiding the pes anserinus (Figure 4). A 10-mm tunnel was
drilled over the guide wire using a barrel reamer. This was
all accomplished with the knee in approximately 90 of
flexion.

RESULTS
Results are summarized in Table 1. The percentage of the
tunnel aperture placed within the native footprint was
45.9% ± 23.1%. The distance from the center of the tibial
tunnel aperture to the center of the tibial PCL footprint was
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Figure 4. Lateral radiograph demonstrating placement of the
guide pin using this technique. The pin exits at the posterior
and distal–most aspect of the posterior cruciate ligament
(PCL) tibial facet.
6.4 ± 2.3 mm. The tunnels were almost always (9/10) distal
(or inferior) to the native footprint and either slightly lateral
(5/10) or centered (5/10) in a medial to lateral direction. The
native PCL footprint surface area was 182.8 ± 32.9 mm2.

DISCUSSION
Results from this study indicate that transtibial drilling
places roughly half of the tibial tunnel aperture within the
native tibial PCL footprint. If not centered within the footprint, the tunnel is likely to be distal and sometimes slightly
lateral to the native footprint. The mean surface area for the
PCL footprint was found to be nearly 183.9 mm2.
The anatomic parameters of the tibial PCL attachment
were first described by Girgis et al9 in 1975. Partially based
on their descriptions, many subsequent authors have suggested placing the tibial PCL tunnel 1 to 1.5 cm distal to the
tibiofemoral joint line.7,13,21,25,26 The results from this
study, however, would suggest that this approach does not
place the tunnel aperture in a perfectly anatomic position.
This is also consistent with a more recent anatomic study
suggesting that the center of the PCL tibial attachment is
only a couple millimeters below the tibiofemoral joint
line.12 Given the nonanatomic tunnel placement, one might
see this transtibial technique in a negative light; however,
there are other issues that are important to consider, particularly when the tunnel is distal to the footprint.
Intuitively, it makes sense for the graft to be in an anatomic location, but it is unclear that a nonanatomic location
for the tunnel has a negative effect on the PCL graft or, ultimately, on PCL function. Rather, choosing the location of
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the tibial tunnel may be seen as a set of competing tradeoffs between anatomic and nonanatomic. It is felt that placing the tibial tunnel within the anatomic footprint can
result in the graft being subjected to the ‘‘killer turn’’ first
described by Berg.2 Methods of avoiding the sharp turn in
the tunnel have been described, including smoothing of the
tunnel and remnant preservation, but it is unclear what
impact these may have on the overall healing and function
of the graft.1,28 Other authors have described the tibial
inlay technique to avoid the turn encountered with a tibial
tunnel, but tibial inlay has its own set of drawbacks.3,16
One suggestion for minimizing the turn in transtibial tunnels has been to place the tunnel more distal such that the
graft passes in a more gentle curve around the posterior
aspect of the tibial plateau and onto the PCL facet, which
may be possible using the transtibial technique in this
study.6,7 Unfortunately, transtibial drilling can place the
posterior neurovascular bundle at risk.5,14 This may be
especially true with more distal tunnel drilling since the
guide pin and drill exit the tibia very posteriorly, which will
place them close to the posterior neurovascular bundle.18,30
One other relevant consideration about tunnel placement is
that a distal tunnel that partially overlaps the footprint
may actually result in the graft resting within the footprint
once tension is applied since the graft will drift toward the
anterior portion of the tunnel. Given all these considerations, surgeons must weigh the risks and benefits of anatomic versus nonanatomic locations for the tibial
attachment of a PCL graft.
Two other studies have compared a transtibial tunnel
and the PCL tibial footprint. Gancel et al8 used postoperative CT to evaluate tunnel position in reconstruction
patients; this was then compared with their previous work
using CT to describe the location of the tibial footprint.8,10
Moorman et al19 evaluated lateral radiographs to determine the appropriate location for transtibial drilling using
the posterior tibial cortex and PCL facet as radiographic
references. This is the first study to directly overlay the
tibial tunnel aperture and the native tibial PCL footprint
in the same patient. This study also adds to the literature,
suggesting that the PCL tibial attachment can be identified
with CT.8,10 In addition, the average PCL footprint surface
area of 183.9 mm2 also demonstrates that the CT technique
is accurate since this is in the mid range of footprint surface
area values suggested by previous studies ranging from 155
to 223 mm2.9-11,15 It should be noted, however, that the CT
parameters used in this study may be well used in cadaveric specimens for research purposes but cannot be recommended in living patients due to the potentially excessive
radiation exposure.
Limitations of this study include the fact that only one
transtibial technique was employed in this study. While
we attempted to place the guide in the center of the tibial
PCL footprint with the endpoint placement being dictated
by the guide resting on the tibial spines, a different reamer
size, tibial starting point, or guide angle may change the
relationship between the tunnel aperture and the anatomic
PCL tibial footprint. In other words, this may change the
shape of the aperture and how much aperture sits within
the footprint. Most studies describing transtibial drilling
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TABLE 1
Data per Specimen With Mean and Standard Deviation for Each Variable
Specimen
1
2
3
4
5
6
7
8
9
10
Mean
Standard deviation

Percentage Shared
Footprint

Distance Between Center
Points, mm

35.4
19.5
51.5
29.0
55.2
48.5
57.0
23.2
40.1
100
45.9
23.1

6.5
7.9
7.5
7.9
7.4
6.0
4.8
8.2
7.4
0.5
6.4
2.3

in the PCL are not specific with the guide angle, so we chose
an angle that we are aware of being commonly used by our
colleagues. The reamer size and tibial starting point are
also commonly employed in transtibial reconstructions. A
second limitation is that the radiographic review was not
blinded due to the complex image analysis and necessary
knowledge of the anatomy in each specimen. Finally, this
is a cadaveric study, and as such, the cadaveric specimens
may not perfectly represent the population normally undergoing PCL reconstruction.

CONCLUSION
This study demonstrates that transtibial drilling in the
tibia for PCL reconstruction places approximately half of
the tibial tunnel aperture within the tibial footprint. Generally, the tunnel is distal to the footprint.

ACKNOWLEDGMENT
The authors acknowledge the International Institute for
Advancement of Medicine (Jessup, Pennsylvania) for
providing the cadaveric specimens used for this project.
They wish to thank Winston Evatt, AVL Technologist, for
all of his assistance in helping to create the CT/3D software
protocol as well as significant technical help throughout
data analysis. They wish to thank Carmen Spitzer, Jamie
Weathersbee, and Rick Stewart for their time and
assistance in scanning the cadaveric specimens. They wish
to thank Patrick Norton, MD, for his assistance and
expertise with the 3D software.
REFERENCES
1. Ahn JH, Yang HS, Jeong WK, Koh KH. Arthroscopic transtibial posterior cruciate ligament reconstruction with preservation of posterior
cruciate ligament fibers: clinical results of minimum 2-year followup. Am J Sports Med. 2006;34:194-204.
2. Berg EE. Posterior cruciate ligament tibial inlay reconstruction.
Arthroscopy. 1995;11:69-76.

Orientation of Tunnel
From Footprint
Distal, lateral
Distal, lateral
Distal, lateral
Distal, lateral
Distal
Distal
Distal
Distal, lateral
Distal
Center

Footprint Surface
Area, mm2
128.1
181.1
219.8
138.2
215.5
197.2
149.9
202.3
208.7
187.6
182.8
32.9

3. Bergfeld JA, McAllister DR, Parker RD, Valdevit AD, Kambic HE. A
biomechanical comparison of posterior cruciate ligament reconstruction techniques. Am J Sports Med. 2001;29:129-136.
4. Cosgarea AJ, Jay PR. Posterior cruciate ligament injuries: evaluation
and management. J Am Acad Orthop Surg. 2001;9:297-307.
5. Cosgarea AJ, Kramer DE, Bahk MS, Totty WG, Matava MJ. Proximity
of the popliteal artery to the PCL during simulated knee arthroscopy:
implications for establishing the posterior trans-septal portal. J Knee
Surg. 2006;19:181-185.
6. Fanelli GC, Beck JD, Edson CJ. Arthroscopic double-bundle posterior
cruciate ligament reconstruction surgical technique. J Knee Surg.
2010;23:89-94.
7. Fanelli GC, Beck JD, Edson CJ. Double bundle posterior cruciate ligament reconstruction: surgical technique and results. Sports Med
Arthrosc. 2010;18:242-248.
8. Gancel E, Magnussen RA, Lustig S, Demey G, Neyret P, Servien E.
Tunnel position following posterior cruciate ligament reconstruction:
an in vivo computed tomography analysis. Knee. 2012;19:450-454.
9. Girgis FG, Marshall JL, Monajem A. The cruciate ligaments of the knee
joint. Anatomical, functional and experimental analysis. Clin Orthop
Relat Res. 1975;(106):216-231.
10. Greiner P, Magnussen RA, Lustig S, Demey G, Neyret P, Servien E.
Computed tomography evaluation of the femoral and tibial attachments of the posterior cruciate ligament in vitro. Knee Surg Sports
Traumatol Arthrosc. 2011;19:1876-1883.
11. Inderster A, Benedetto KP, Klestil T, Kunzel KH, Gaber O. Fiber orientation of posterior cruciate ligament: an experimental morphological
and functional study, part 2. Clin Anat. 1995;8:315-322.
12. Johannsen AM, Anderson CJ, Wijdicks CA, Engebretsen L, LaPrade
RF. Radiographic landmarks for tunnel positioning in posterior cruciate ligament reconstructions. Am J Sports Med. 2013;41:35-42.
13. Kim SJ, Shin SJ, Kim HK, Jahng JS, Kim HS. Comparison of 1- and 2incision posterior cruciate ligament reconstructions. Arthroscopy.
2000;16:268-278.
14. Makino A, Costa-Paz M, Aponte-Tinao L, Ayerza MA, Muscolo DL.
Popliteal artery laceration during arthroscopic posterior cruciate ligament reconstruction. Arthroscopy. 2005;21:1396.
15. Makris CA, Georgoulis AD, Papageorgiou CD, Moebius UG, Soucacos PN. Posterior cruciate ligament architecture: evaluation under
microsurgical dissection. Arthroscopy. 2000;16:627-632.
16. Markolf KL, Zemanovic JR, McAllister DR. Cyclic loading of posterior
cruciate ligament replacements fixed with tibial tunnel and tibial inlay
methods. J Bone Joint Surg Am. 2002;84:518-524.
17. Matava MJ, Ellis E, Gruber B. Surgical treatment of posterior cruciate
ligament tears: an evolving technique. J Am Acad Orthop Surg. 2009;
17:435-446.

6

Tompkins et al

18. Matava MJ, Sethi NS, Totty WG. Proximity of the posterior cruciate
ligament insertion to the popliteal artery as a function of the knee flexion angle: implications for posterior cruciate ligament reconstruction.
Arthroscopy. 2000;16:796-804.
19. Moorman CT 3rd, Murphy Zane MS, Bansai S, et al. Tibial insertion
of the posterior cruciate ligament: a sagittal plane analysis using
gross, histologic, and radiographic methods. Arthroscopy. 2008;
24:269-275.
20. Ohkoshi Y, Nagasaki S, Yamamoto K, et al. Description of a new
endoscopic posterior cruciate ligament reconstruction and comparison with a 2-incision technique. Arthroscopy. 2003;19:825-832.
21. Sekiya JK, West RV, Ong BC, Irrgang JJ, Fu FH, Harner CD. Clinical
outcomes after isolated arthroscopic single-bundle posterior cruciate
ligament reconstruction. Arthroscopy. 2005;21:1042-1050.
22. Spiridonov SI, Slinkard NJ, LaPrade RF. Isolated and combined
grade-III posterior cruciate ligament tears treated with doublebundle reconstruction with use of endoscopically placed femoral tunnels and grafts: operative technique and clinical outcomes. J Bone
Joint Surg Am. 2011;93:1773-1780.
23. Tompkins M, Keller TC, Milewski MD, et al. Anatomic femoral tunnels
in posterior cruciate ligament reconstruction: inside-out versus
outside-in drilling. Am J Sports Med. 2013;41:43-50.

The Orthopaedic Journal of Sports Medicine

24. Tompkins M, Milewski MD, Brockmeier SF, Gaskin CM, Hart JM,
Miller MD. Anatomic femoral tunnel drilling in anterior cruciate ligament reconstruction: use of an accessory medial portal versus traditional transtibial drilling. Am J Sports Med. 2012;40:1313-1321.
25. Van Dommelen BA, Fowler PJ. Anatomy of the posterior cruciate ligament. A review. Am J Sports Med. 1989;17:24-29.
26. Van Tongel A, MacDonald PB. Single bundle posterior cruciate ligament reconstruction: surgical technique and results. Sports Med
Arthrosc. 2010;18:238-241.
27. Voos JE, Mauro CS, Wente T, Warren RF, Wickiewicz TL. Posterior
cruciate ligament: anatomy, biomechanics, and outcomes. Am J
Sports Med. 2012;40:222-231.
28. Weimann A, Wolfert A, Zantop T, Eggers AK, Raschke M, Petersen W.
Reducing the ‘‘killer turn’’ in posterior cruciate ligament reconstruction by fixation level and smoothing the tibial aperture. Arthroscopy.
2007;23:1104-1111.
29. Wind WM Jr, Bergfeld JA, Parker RD. Evaluation and treatment of
posterior cruciate ligament injuries: revisited. Am J Sports Med.
2004;32:1765-1775.
30. Zawodny SR, Miller MD. Complications of posterior cruciate ligament
surgery. Sports Med Arthrosc. 2010;18:269-274.

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http://
creativecommons.org/licenses/by-nc-nd/3.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium,
provided the original author and source are credited. You may not alter, transform, or build upon this article without the permission of the Author(s).
For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

