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Bone-on-Bone Anatomic Patellar Tendon Graft
Anterior Cruciate Ligament Reconstruction: A

Reproducible Technique Combining Press-Fit and
Extracortical Fixation
Georg Brandl, M.D., Roman Christian Ostermann, M.D., Leo Pauzenberger, M.D.,
Christopher Lobo, M.D., and Xaver Feichtinger, M.D., Ph.D.
Abstract: Scientific interest in optimizing outcomes after anterior cruciate ligament (ACL) reconstruction is ongoing, and
some recent developments have focused on graft shape as one of the most important factors of anatomic graft placement.
The double-bundle or fanlike structure of the native ACL seems to more closely restore normal function and control of
rotational stability of the knee with implant-free or press-fit techniques, creating a favorable situation in terms of direct
graft-tunnel healing. The ACL reconstruction technique presented in this article enables safe, reproducible, and anatomic
fixation of the patellar tendon autograft, providing the biological and biomechanical benefits of direct bony integration of
the ribbonlike boneepatellar tendonebone graft. Because press-fit fixation represents a technically challenging surgical
procedure, the goal of the described technique is to enable direct bone-to-bone healing by using secondary extracortical
femoral and tibial fixation without the need for a true press-fit situation. Safe and anatomic femoral tunnel drilling is
achieved with an outside-in technique (retrograde drilling), hence providing advantages in the routine clinical setting in
terms of applicability and time effort. To reduce donor-site morbidity caused by bone block harvesting, refilling of the
harvest sites with autologous material is performed.
nterior cruciate ligament (ACL) reconstruction is
Aone of the most frequently performed orthopaedic
procedures. A plethora of techniques for performing
ACL reconstruction are available today; most primary
reconstructions are conducted using hamstring tendon,
boneepatellar tendonebone (BPTB), and quadriceps
tendon autografts.1,2 With current trends toward indi-
vidualized ACL reconstruction, the BPTB graft is expe-
riencing a renaissance in primary ACL reconstruction
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because some studies and registry data show a lower
revision rate, especially in younger patients; reduced
graft elongation; and a higher return to the preinjury
level of activity than with hamstring grafts.3

With the idea of improved graft-tunnel healing in
mind, surgical techniques for implant-free ACL recon-
struction have been published previously.4 Theoreti-
cally, optimal bone-to-bone healing is reached when
bone blocks are fixed within tunnels in a press-fit tech-
nique. In addition, this creates a favorable situation for a
potential revision operation.4 However, press-fitfixation
of an ACL graft requires high-level surgical skills, and it
remains technically challenging to achieve the same
level of secure fixation as with screw or button fixation.
Drilling of an anatomic femoral tunnel through the
anteromedial portal in combination with reduced visi-
bility at a high knee flexion angle when impacting the
bone block has an increased risk of posterior-wall
blowout fractures.5 Despite many interesting features,
in combination, this results in a low applicability of press-
fit techniques in clinical routine.
The arthroscopic ACL reconstruction technique pre-

sented in this article was developed to combine optimal
graft-tunnel healing through press-fit bone-to-bone
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contact with the clinical practicability of reproducible
tunnel sizing and secure fixation known from other
contemporary ACL reconstruction techniques. In addi-
tion, safe and anatomic femoral tunnel drilling is ach-
ieved with an outside-in, retrograde drilling technique.
To reduce potential donor-site morbidities created by
bone block harvesting, the harvest sites are refilled with
autologous material.
Technique

Patient Positioning
The patient is placed in the supine position, with the

operative knee fixed in a thigh tourniquet and both legs
hanging. It is important for the positioning to allow
knee flexion to 120�.

Graft Harvest
With the knee at 90� of flexion, a 4-cm longitudinal,

slightly medial skin incision is performed just over the
patellar tendon, starting approximately 2 cm below the
inferior pole of the patella (Video 1). Sharp preparation
is performed to expose the paratenon, which is then
incised and thoroughly separated from the patellar
tendon. As a rough guideline, in larger patients, a
central 10-mm tendon strip is created, whereas in
smaller patients, a 9-mm tendon strip is harvested (Fig
1A).
The insertion of the patellar tendon at the tibial tu-

berosity is identified, and an approximately 20-mmbone
block is harvested. For this purpose, a 1-cm-wide cali-
brated oscillating saw blade is used to create the vertical
bone cuts in a slightly converging fashion, and a smaller,
0.5-cm saw blade is used for the distal horizontal cut so
that the adjacent patellar tendon insertion is not harmed
(Fig 1B). The bone block is then harvested by completing
the proximal bone cut using a small chisel.
Two drill holes are made in the proximal and distal

thirds of the bone block, respectively. A suture is passed
through the distal hole. After dissection of the tendon
Fig 1. Graft harvest in right
knee, with patient in supine po-
sition. The right leg is hanging
with the thigh fixed in a tourni-
quet. (A) A central 9- to 10-mm
strip is created from the patellar
tendon (white arrow). (B) At the
height of the tibial tuberosity, a
1-cm-wide calibrated oscillating
saw blade is used to create the
vertical bone cuts, and a smaller,
0.5-cm saw blade (black arrow)
is used for the distal horizontal
cut about 15 to 20 mm distal to
the tendon insertion to create a
bone block of sufficient length.
(C) A hollow saw (Wolf) with a
9.5-mm diameter for creating the
tibial tunnel is shown on the
right (black star); a 9.4-mm
(two-thirds toothed) hollow saw
used to harvest the patellar bone
block is shown on the left. (D) A
cylindrical bone block, approxi-
mately 15 to 20 mm in length, is
harvested from the patella, after
insertion of the patellar tendon
strip with the tibial bone block
into the 9.4-mm trephine (black
star).
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strip from the Hoffa fat pad, the proximal incisions are
completed to show and mark the insertion of the
patellar tendon to the inferior pole of the patella with a
skin marker. Now, the sutures are passed through a
hollow saw with a guidewire so that the distal bone
block and the central patellar tendon can be inserted
into an oscillating trephine, with two-thirds toothing
(Fig 1C). A cylindrical bone block, approximately 15 to
20 mm in length, is then harvested from the patella (Fig
1D). The surgeon can therefore choose from 2 different
sizes (8.4 or 9.4 mm in diameter; Wolf, Tuttlingen,
Germany) to roughly match the patient’s height,
choosing the 8.4-mm hollow saw in women or smaller
patients. The bone block is separated proximally by
elevating the trephine or using a small chisel.

Graft Preparation
For femoral press-fit fixation, the cylindrical patellar

bone block is shaped with a rongeur and rasp so that
Fig 2. External view of
boneepatellar tendonebone
graft during preparation. (A) The
cylindrical patellar bone block,
15 to 20 mm in length, is shaped
with a rongeur and rasp so that
the tip just fits the entrance of a
9-mm template (black star) (or
an 8-mm template when the 8.4-
mm trephine has been used). (B)
For further femoral backup fixa-
tion, a BTB TightRope is brought
through a 2-mm drill hole at the
center of the proximal bone
block (black star). (C) Narrowing
of the free end of the distal bone
block (from the tibial tuberosity)
is performed with an oscillation
saw (black arrow) so that a
trapezoid bone block is shaped
(Fig 3). (D) The total length of
the graft is determined after
placement of 2 No. 2 FiberWire
threads within the distal liga-
ment and the trapezoid bone
block (black arrow). The cylin-
drical femoral bone block is
shown with the BTB TightRope
(black star) in place.
the tip just fits the entrance of a 9-mm tunnel (9.4-mm
hollow saw) or an 8-mm tunnel (8.4-mm hollow saw)
(Fig 2A). For further femoral backup fixation, a BTB
TightRope device (Arthrex, Naples, FL) is brought
through a 2-mm drill hole at the center of the proximal
bone block (Figs 2B and 3). The insertion of the patellar
tendon is marked for easier orientation when later
impacting the bone block.
Now, the distal (tibial) bone block is prepared. After

narrowing of the free end of the bone block with an
oscillation saw (Fig 2C), a No. 2 FiberWire suture
(Arthrex) is brought through each of two 2-mm drill
holes. A No. 2 FiberLoop (Arthrex) is used to place a
whipstitch through the distal part of the patellar tendon
itself. By use of this technique, 2 independent suture
strands are available for later fixation of the graft (Fig 3).
The total length of the graft and the femoral bone

block is determined (Fig 2D). Then, the graft is placed
into a surgical swab soaked with vancomycin.



Fig 3. To perform graft preparation, a BTB TightRope (red
arrow) is brought through a 2-mm drill hole at the center of
the proximal bone block (black star). A No. 2 FiberWire suture
(light blue) is brought through each of two 2-mm drill holes in
the distal bone block (blue arrow). A No. 2 FiberLoop (dark
blue) is used to place a whipstitch through the distal part of
the patellar tendon itself. One suture end is again brought
through the graft so that tilting of the bone block is avoided
when pulling on the sutures. The bone cylinder harvested
from creating the tibial tunnel is prepared with a small oscil-
lating saw blade to refill the harvest site at the distal patella
(short bone cylinder) and the tibial tunnel in a press-fit
fashion. Therefore, the cylinder is trapezoidal to enable tap-
ping in the bone material in a press-fit manner, ensuring
direct bone-to-bone healing of the graft in the tibial tunnel.
The green arrow indicates the patellar tendon graft.
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Femoral Tunnel
After standard arthroscopic evaluation and removal

of ACL remnants, the footprint is visualized through the
anteromedial portal. At 90� of knee flexion, the femoral
ACL guide is inserted into the anterolateral portal and
placed at the anatomic ACL footprint to ideally cover
the anteromedial- and posterolateral-bundle area (Fig
4A). A 2-cm skin incision is made on the lateral
thigh, the lateral cortex is cleared with a rasp, and the
drill sleeve is placed on the lateral femur. The intra-
osseous tunnel length can be seen on the marking of
the drill sleeve. With a 9-mm FlipCutter (fold-out drill;
Arthrex) (when the 9.4-mm hollow saw has been used)
or 8-mm FlipCutter (when the 8.4-mm hollow saw has
been used), an anatomic femoral socket is placed with
an outside-in, retrograde drilling technique, matching
the length of the bone block (Fig 4B). It is important to
set the angle of the femoral drill guide to 115� to 120�

so that a “killer angle” for later insertion of the bone
block is avoided.
Now, a FiberStick (Arthrex) with a No. 0 FiberWire is

introduced into the joint, and the thread is pulled
through the lateral portal and secured with a clamp.
The femoral tunnel is rechecked arthroscopically; rough
edges are smoothed and bone debris is removed with a
shaver.

Tibial Tunnel
The tibial tunnel is created using a special oscillating

trephine with a 9.5-mm outer diameter (Richard Wolf,
Knittlingen, Germany). A 2.5-mm guidewire is intro-
duced on the center of the tibial ACL footprint, and the
hollow saw is used with a centering device (Fig 4C).
The tibial guide can be used with a fixed 55� targeting
device or a standard aimer with adjustable angulation
(Richard Wolf). Now, a cylindrical bone block is
removed from the tibial tunnel (Fig 4D), which later
can be used for refilling the tibial tunnel and the har-
vesting sites. Furthermore, the tibial tunnel length can
easily be determined by the length of the bone cylinder.
Again, any intra-articular edges are smoothed with a
shaver.

Graft Insertion and Femoral Fixation
With a suture grasper, the shuttling suture is pulled

out through the tibial tunnel. The BTB TightRope
threads are pulled percutaneously through the joint
and the lateral femoral cortex. Then, the graft is intro-
duced into the tibial tunnel with correct angulation of
the bone block so that cancellous bone remains ante-
riorly or the fanlike ACL footprint is best covered (Fig
5A). With further pulling on the TightRope leading
sutures, the femoral bone block enters the joint and the
TightRope button is pulled out of the lateral femoral
cortex. It is important not to flip the button and shorten
the adjustable strands of the BTB TightRope at this
point; rather, the button should be completely shuttled
to leave enough slack in the adjustable loop to angulate
and guide the bone block into the femoral tunnel with a
suture grasper (Kingfisher; Arthrex) or arthroscopic
examination hook (Fig 5B).
At 110� of knee flexion, the bone block is placed on

the entrance of the femoral tunnel, and after the correct
orientation is ensured, the graft can be pulled into the
femur. Because the femoral tunnel has a diameter of
either 9 mm, with a bone block of 9.4 mm, or 8 mm,
with a bone block of 8.4 mm, an arthroscopic impactor
can be used to help tap the graft into the femoral socket,
but pulling strongly on the TightRope is usually suffi-
cient to seat the graft into the femoral socket with
correct alignment.
Now, an arthroscopic slide is placed around the

TightRope strands and down onto the lateral femoral
cortex, and by pulling on the white strands of the BTB
TightRope, the adjustable loop is shortened with the
button slipping back onto the femur. Correct cortical
placement of the button is determined by either
endoscopic or fluoroscopic imaging.

Tibial Fixation
For graft tensioning, the distal sutures are pulled and

the knee is cycled 10 times through its range of motion
to remove any slack. By pulling the strands from the
bone block at maximum manual force at 20� of knee
flexion, the strands placed within the distal ligament
are fixed tibially with a knotless bone anchor (Swive-
Lock, 4.75 mm; Arthrex).6

Bone material harvested from creating the tibial
tunnel is now inversely shaped with an oscillating saw
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blade (Figs 3 and 6A) and tapped in a press-fit manner
over the distal bone block of the graft into the tunnel to
enable bone-to-bone healing (Fig 6B). The strands from
the distal bone block are fixed with another knotless
anchor for backup fixation of the bone block. After
extracortical and press-fit bone-on-bone fixation within
the tibial tunnel, final arthroscopic evaluation is per-
formed and proof of graft tension is confirmed before
the FiberWire threads are cut (Fig 5D).

Closure
Remaining bone material harvested from the tibial

tunnel is used to refill the defect of the distal patella and
the tibial tuberosity by impacting with a tappet (Fig 6C).
An absorbable suture (No. 0 Vicryl; Ethicon, Somerville,
NJ) is used to close the superficial patellar tendon and
the paratenon with a locking configuration and the
Fig 4. Arthroscopic view of femoral tunnel drilling from anterome
portal (C, D). (A) At 90� of knee flexion (a right knee in this case),
into the anterolateral portal and placed at the anatomic ACL fo
anteromedial- and posterolateral-bundle area (black star). (B) W
(black arrow) is placed with an outside-in, retrograde drilling tech
the tibial ACL footprint with a 60� aimer or an adjustable aimer (W
mm outer diameter) is used with a centering device. The cylindrica
cutting of the remnant ACL fibers with electrocautery (blue arrow
knee flexed to 90�. Interrupted, absorbable subcutane-
ous suturing and routine skin closure follow.

Discussion
We have described an anatomic ACL reconstruction

technique using patellar tendon autograft, which facil-
itates both graft-tunnel healing through direct bone-
on-bone contact and clinical practicability through a
secure fixation technique. Pearls and pitfalls are listed
in Table 1.

Graft Choice
Apart fromanongoing discussion about different graft-

harvesting techniques, with advantages and disadvan-
tages regarding donor-site morbidity, the graft structure
(i.e. hamstring grafts with a round and tubular structure
vs the flat and ribbonlike form of quadriceps tendon and
dial portal (A, B) and tibial tunnel creation from anterolateral
the femoral anterior cruciate ligament (ACL) guide is inserted
otprint on the lateral intercondylar wall to ideally cover the
ith a FlipCutter (fold-out drill), an anatomic femoral socket
nique. (C) A 2.5-mm guidewire is introduced at the center of
olf, Tuttlingen, Germany) (red star). (D) The hollow saw (9.5-
l bone block from the tibial tunnel can then be removed, after
). The red arrow indicates the fully toothed 9.5-mm trephine.



Fig 6. Refilling of tibial tunnel
with external view of bone cyl-
inder (stars) on 2-mm guidewire
(A) and tibial tunnel at ante-
romedial tibial surface (B). The
inversely shaped bone cylinder
(harvested from creating the
tibial tunnel with the 9.5-mm
trephine) is placed on a 2-mm
guidewire (A) and is then
placed over the graft in the tibial
tunnel and tapped into the tun-
nel with the use of a centering
device or a tappet (B).

Fig 5. Graft insertion and fixation with arthroscopic view from anterolateral portal (A, (B, D) and external view of distal pole of
patella (C). (A) The graft is introduced into the tibial tunnel with correct angulation of the bone block (black star) and advanced
into the joint by pulling all 4 sutures coming from the BTB TightRope. (B) The bone block (black star) is guided into the femoral
tunnel between the posterior cruciate ligament and lateral intercondylar wall with a suture grasper (Kingfisher). The bone-
tendon transition is marked with a skin marker (black arrow). In this step, correct angulation in line with the femoral tunnel
is crucial. The bone block can usually then be pulled into the socket without the need for an arthroscopic tappet. (C) The harvest
site at the distal pole of the patella is refilled with bone material (Fig 3) using a tappet. An absorbable No. 0 Vicryl suture is then
used to close the defect. (D) Final arthroscopic evaluation is performed, and proof of graft tension (black arrow) is confirmed.
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Table 1. Pearls and Pitfalls

Surgical Step Pearls Pitfalls

Graft harvest
Tibial tuberosity The surgeon should harvest a bone block that is no longer

than 20 mm because it could exceed the total tunnel
length.

If the distal bone block overhangs the tibial tunnel, a
curved chisel can be used to create a socket within the
tibia, allowing the bone block to seat flush with the
tibial cortex.

Patella The surgeon should avoid harvesting a superficial bone
block from the distal patella when using the oscillating
two-thirds toothed hollow saw.

The upper edge of the hollow saw can be pressed down to
the level of the insertion of the patellar tendon during
harvesting.

Femoral tunnel
Drilling The surgeon should set the femoral FlipCutter guide to

115�-120� to avoid a killer angle of the femoral tunnel.
This eases press-fit insertion of the bone block.

A suture grasper can be used to exactly align the bone
block with the entrance of the femoral tunnel before
the TightRope is pulled.

Socket length The length of the socket should exceed the total length of
the bone block by about 2 mm.

Because the femoral socket is oval, the bone block cannot
be fully seated into the tunnel if the length exactly
matches the length of the femoral bone block.

Tibial tunnel The use of a 60� aimer ensures sufficient tibial tunnel
length.

When the tibial tunnel is short, care must be taken so that
the total graft length does not exceed the tunnel length,
with the tibial bone block overhanging the tunnel
entrance.

Graft preparation The surgeon should place the drill hole centrally within
the patellar bone block.

A drill hole placed too proximally might lead to breakage
of the bone block when the BTB TightRope is pulled.

Graft insertion When the 9.4-mm trephine is used for harvesting, dilating
the tibial tunnel entrance to 10 mm (i.e. with a 10-mm
drill tip) facilitates introducing the graft into the tibial
tunnel.

It is essential to fully seat the bone block into the femoral
socket before shortening the loop strands; otherwise,
the bone block might become stuck at the tunnel
entrance.

Graft fixation Using a low medial portal (as in the anteromedial drilling
technique) with a femoral tunnel at 115�-120� provides
the possibility of using an interference screw for femoral
fixation if a small and superficial bone block has been
harvested.
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patellar tendon grafts) is gaining importance.7 In patients
aiming to return to pivoting sports, control of rotational
instability of the knee is the key to a successful return to
preinjury activity levels. Recent clinical and biome-
chanical results have shown that the (functional)
double-bundle or fanlike shape of a graft tends to more
closely restore normal ACL function.8 Owing to a lower
revision rate, reduced graft elongation, and better return
to the preinjury level of activity in earlier studies, the
BPTB graft plays an important role especially in the
young and active patient.3,9-11
Biological Benefits and Press-Fit Technique
We believe that direct bone-to-bone healing of an

intact ligament insertion reduces the weakness of soft-
tissue grafts (without bone blocks) of delayed or
impaired graft-tunnel healing, which may cause graft
insufficiency, elongation, or delayed ligamentization of
the graft. Ideal bone-to-bone healing is achieved when
bone blocks are fixed with press-fit techniques,12

additionally avoiding bony defects or potential tunnel
widening.13 Surgical techniques for and clinical results
of press-fit and implant-free ACL reconstruction have
been previously published, and interest in biologically
more advantageous ACL reconstruction clearly exists.4

Still, press-fit fixation of an ACL graft can be a
challenging and time-consuming procedure, leading to
low clinical acceptance. The described outside-in,
retrograde drilling technique allows straightforward
and reproducible tunnel placement. With secondary
extracortical fixation on the femoral side and tibial side,
this technique provides direct bone-on-bone healing
without the need for a perfect press-fit fixation, which
provides a great advantage in the setting of clinical
routine in terms of applicability and time management.

Bone Defects
One of the disadvantages of traditional BPTB and

quadriceps tendonebone grafts is caused by creating
bony defects during graft harvesting, which might lead
to kneeling pain.1 These donor-site morbidities have
long been the reason for investigations concerning
treatment strategies lacking satisfactory results.14 Our
technique addresses the bony defects by refilling the
removal sites with the bone collected during graft
harvesting using hollow saws.

Limitations
Our technique represents a biologically favorable sit-

uation of direct bone-to-bone healing without the
“interference” of fixation screws within the tunnels.
Although this definitely leads to an unproblematic sit-
uation in possible revision surgery, it is unclear if there



e212 G. BRANDL ET AL.
is clinical benefit to well-established screw fixation,
therefore questioning the additional instrument costs
and surgery time for optimal graft preparation.
Secondarily, BPTB graft harvesting might have higher

donor-site morbidity.15 In our technique, we tried to
accommodate for this problem by refilling the harvest
sites with bone material. Still, all possible causes of
anterior knee pain are not addressed by this, so donor-
site morbidity could still be higher than with ACL
reconstruction with hamstring tendon.
In conclusion, the presented ACL reconstruction

technique enables safe, reproducible, and anatomic
fixation of the BPTB autograft providing the biological
and biomechanical benefits of bone-to-bone healing. In
addition, donor-site morbidities, which constitute a
disadvantage of traditional BPTB graft use, are
addressed by refilling the harvest sites.
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