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ABSTRACT

Fixation options of the ACL graft are numerous such as screws
used a post, interference fixation, cress-pin ACL and endobutton for soft
tissue femoral graft fixation. Double spike plate, washerLoc and Bone
Dowel, Whipstitch-post and Fastlok device for soft tissue tibial graft

fixation. Interference screw and endobutton for BPTB fixation.

Press fit technique without hardware fixation is recently added to

graft fixation options.
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Fig. (1):

I LIST OF FIGURES l

Because of the anatomical shape of the insertion areas at
the femoral and tibial insertion site, anterior fibers of the
ACL are able to bend around the anterior edge of the
intercondylar notch. Common reconstruction techniques
do not replicate the foot type insertion at the tibia. A
straight graft (dotted lines) such as a bone—patellar
tendon—-bone or hamstring graft may impinge at the notch

in knee positions close to extension

Fig. (2):

(A) Full extension, the medial femoral condyle is cut off
to inspect the femoral attachment of the ACL. (B) 90° of
flexion. Arthroscopic surgery is normally performed with
the knee in 90° of flexion. In clinical literature the notch
roof is considered to be superior (anatomic description:
anterior), the anterior rim is considered as shallow, the
posterior part is considered as deep, and the posterior part

is considered as inferior.

Fig. (3):

Toluidine blue stained histological sections of the femoral
origin. (A) The femoral origin has the structure of a
chondral apophyseal enthesis consisting of 4 layers. (B)
Close up of the enthesis. The 4 layers can be described as
ligament  fibers, nonmineralized cartilage zone,

mineralized cartilage zone, and subchondral bone plate.

Fig. (4):

Blood supply of the ACL. The distribution of the blood
supply is not homogenous. A vascular areas can be found

at the insertion sites and within the area of fibrocartilage-




like cells.

Fig. (5):

Load deformation curve
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Fig. (6):

Stress strain curve
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Fig. (7):

Attachment of the ACL on the femur. (A) Dotted line
shows the attachment of the main fibers of the ACL. AFS:
A parallel line of the axis of the femoral shaft. (8) When
we drew a vertical line (VL) through the contact point (C)
between the femoral condyle and the tibial plateau on a
picture taken at 90° of flexion, this, line and the long axis
of the ACL attachment (AX) was crossed at the point
(PL) on the vertical line 5 to 8 mm anterior to the edge of
the joint cartilage. The center of the attachment of the
anteromedial bundle (the AM point) was located at the
point 5 to 6 mm distal from the back of the femur in

measurement using the onset guide
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Fig. (8):

Navigation for the tibial tunnels in arthroscopic surgery.
(A) The concept of the Wire-navigator, which is
composed or a Navi-tip (a) and a Wire-sleeve (b). The
Navi-tip consisted of tibial indicator (c) and femoral
indicator (d). The axis of the Wire-sleeve passed through
the lip of the tibial indicator. The direction and position of
the Wire-sleeve was automatically decided, independent
of those or the Navi-i ip. (B) The Tibial-indicator of the
Navi-tip is placed at the center or the PL bundle footprint
on the tibia. Then, keeping the tibial indicator at this
point, we aim the Femoral-indicator at the center of the
postrolateral bundle footprint on the femur. (C)

Arthroscopic visual field of the Nan-lip.
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Fig. (9):

Two tibial tunnel outlets are shown. They are created at

19




the center of the normal attachment of the AM and PL

bulndes, respectively

Fig. (10):

How to insert a guide wire for the PL bundle into the
femur using the transtibial tunnel technique. (A) first, a
surgeon taps a Kirschner wire into the center of the PL
bundle auachrneru on the femur, and, then, drills it into
the femur (observation through the medial portal). (B) A
cannulated drill inserted using the wire as a gquide
(observation through the medial portal). (¢) Two tunnel
outlets created on the femur (observation through the
medial portal). (D) The reconstructed 2 bundles
(observation through the lateral portal). The posterolateral
bundle was observed behind the AM bundle. An
absorbable suture marker is attached to each graft to show
the point of nip of the Endobutton. (E) A'schernauc
picture of the 2 bundles. Note the difference in the

direction between the 2 grafts.
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Fig. (11):

The 4.5mm drill bit is drilled through the cortex over the
previously drilled, laser-marked, long guide pin after the

socket has been drilled.
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Fig. (12):

The prepared graft is passed through the fabric loop until

each arm of the graft is the same length
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Fig. (13):

The colored absorbable monofilament suture locks the
graft to prevent sliding and also marks the entry point for

the femoral tunnel
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Fig. (14):

All four sutures —two #5 and two #2 sutures are passed

through the eye of the long passing pin
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Fig. (14b):

A,B, The long guide pin is passed into the knee and out

through the soft tissue with the graft construct attached

29




Fig. (15):

The #2 suture are used to flatten the endobutton, seating it
on the femoral cortex after the graft has been pulled into
the socket with the #5 suture.
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Fig. (16):

Strong retrograde tension fails to dislodge the graft when
the knee is cycled once the endobutton has been properly

seated
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Fig. (17):

The Xtendobutton fits over the endobutton so that it is

large enough to hold outside a 10mm femoral tunnel.
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Fig. (18):

in this revision case, the Xtendobutton was used to anchor

the graft on the outside of a 9 mm femoral tunnel
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Fig. (19):

A and B, Two —thirds threaded femoral cancellous screw
and washer used as fixation post for whipstitches from

four strands
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Fig. (20):

A and B, Sutures through the endobutton eyelets are tied
around the femoral screw post. The graft is looped

through them
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Fig. (21):

The EZLoc is a cortical femoral fixation device consisting
of a gold-colored lever arm (a) connected to a slotted
body (b) by an axle (c). The lever arm provides slippage-
resistant, stiff, and strong fixation similar to a cross-pin
because it seats on cortical bone (circle). The lever arm
prevents proximal and distal micromotion, and the body
prevents anteroposterior and medial lateral micromotion.
The slot in the body accepts both one- and two-strand soft

tissue anterior cruciate ligament grafts
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Fig. (22):

The EZLoc comes in a sterile package with a passing pin
and suture. The dull end of a 16-inch-long, sharp-tip
passing pin is secured in the proximal end of the slotted

body by a suture tied under tension. The passing pin is
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used to orient the lever arm laterally and to pull the
anterior cruciate ligament (ACL) graft into place. In the
special situation when the EZLoc is used in the
posterolateral femoral tunnel in a two-tunnel ACL
reconstruction technique and the posterolateral femoral
tunnel is not in the same axis as the tibial tunnel, the
passing pin is removed from the EZLoc and the suture is

used to pull the graft.

Fig. (23): The length of the lateral wall of the femoral tunnel is| 40
measured with a depth gauge inserted through the tibial
and femoral tunnels. The tip of the depth gauge is hooked
on the lateral cortex of the femur. The length of femoral
tunnel in this subject is 45mm and is measured at the
opening of the femoral tunnel into the notch.
Fig. (24): Stratis ST femoral fixation graft block and transverse| 41
locking pin.
Fig. (25): Stratis ST femoral fixation system with soft tissue graft 42
Fig. (26): Prepared graft placed through lower eyelet of graft block 43
Fig. (27): A, Graft block-graft construct attached to graft inserter| 43
with transverse guide. B, graft block-graft construct
attached
Fig. (28): Switch stick through distal end of graft block 44
Fig. (29): Drill sleeve advanced over switching stick 45
Fig. (30): Fixation pin loaded onto inserter 45
Fig. (31): Fixation pin advanced through upper eyelet of graft block 46
Fig. (32): Close-up view of implant graft block with fixation pin 47
Fig. (33): The Arthrex TransFix implant is made of titanium, and| 48

the Bio-TransFix implant is made of poly-L-lactic acid
(PLLA




Fig. (34):

The absolute neurovascular: safe zone" during cross-pin
guidewire placement is from +20 degrees (0O degrees
equals "parallel to floor" line) to -40 degrees (lowering

the guide more posteriolry
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Fig. (35):

Prepare the tibialis graft with a running or krackow stitch,

and size it to the nearest-millimeter diameter
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Fig. (36):

Complete the tibial tunnel through a small anterior medial
tibial incision wusing a posterior cruciate ligament

referencing guide
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Fig. (37):

Remove the Beath pin. Insert the matched transfix tunnel
hook through the tibial tunnel, and position it in the

femoral socket
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Fig. (38):

Drill the 5-mm broach with a stop collar over the 3-mm

guidewire
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Fig. (39):

Pass and deliver the nitional wire out of the tibial tunnel.

Pass the selected graft in a retrograde fashion
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Fig. (40):

Seat the implant at the appropriate depth (match the
calibration line to the reamer) with gentle taps using a

mallet only after smooth passage of the wire is confirmed.
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Fig. (41):

The transverse drill guide assembly ensures that the cross-
pin will bisect the femoral tunnel; this is confirmed

arthroscopically
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Fig. (42):

The forked femoral guide pin is used to capture the
Flexwire in the femoral tunnel and deliver it at the distal
tibia
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Fig. (43):

The graft is then looped over the Flexwire and advanced
into the joint using the suture tape, which is passed
through the forked femoral guide pin and brought out
through the skin proximally

S7




Fig. (44):

The Stryker Biosteon cross-pin is inserted over the guide

pin
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Fig. (45):

Position the Depuy Mitek Rigidfix femoral guide. Note

that the arm of the guide is positioned lateral to the knee
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Fig. (46):

Introduce the guide, and then drill the two cannulated

sleeves
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Fig. (47):

Arthroscopic inspection of the location of the Rigidfix

holes
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Fig. (48):

Different interference screws. A, Early metallic
interference  screw, sharp threaded; B, Sysorb
biodegradable interference screw, round threaded; C,
round-headed cannulated interference (RCI) screw,
metallic, round threaded; megafix biodegradable
interference screws, sharpthreaded at the tip, D, and round
threaded at the body E.
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Fig. (49):

Dilation of the screw site using a small dilator (4mm),

followed by screw insertion
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Fig. (50):

Notching of the anterior edge of the femoral tunnel entry
to facilitate screw insertion and anterior placement of the

screw. A, Schematic picture. B-G, intraoperative view
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Fig. (51):

Bone wedge technique. At the anterosuperior position of
the tunnel entry site, a thin bone wedge is detached using
a special chisel (A). The screw then is advanced between

the tunnel wall and this bone wedge
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Fig. (52):

Specially designed chisel for the wedge technique

67

Fig. (53):

Crosspin system: graft harness (purple) and cross-pin,

both with their leading sutures
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Fig. (54):

Cross-pin drill bit as it engages the positioning rod
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Fig. (55):

Use of an arthroscope in the transverse tunnel to verify

70




that the implant's lead suture passes through the harness

eyelet

Fig. (56):

A, Tap the implant's driver to insert the cross-pin into the
transverse tunnel. B, insert the implant until it is flush

with the (Courtesy of ConMed-Linvatec).
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Fig. (57):

Final view of the femoral fixation. The cross-pin engages

the graft harness. (Courtesy of ConMed-Linvatec)
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Fig. (58):

The ends of the polyester tape (C) are threaded through
the buckle (A). The buckle is then flipped, followed by
the insertion of the two prongs of the staple (B) attached

at the end of the impactor (D).
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Fig. (59):

The staple is position perpendicular to the tibial surface
with the aid of the impactor (A) while maintaining tension
on the final impaction to demonstrate the relation of the
tape relative to the device: anteroposterior view (B),

lateral view (C).
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Fig. (60):

The bone plug obtained from the tibia during tunnel

preparation (A) is inserted back into the tibial tunnel
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Fig. (61):

Tibial screws for "whipstitch —post” fixation. A, /smith &
Nephew, 4.5 mm, no washer used; B, Linvatec, 6.5mm,

washer mandatory, C: Arthrex 4.5mm, Washer optional
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Fig. (62):

Whipstitches are placed to fold the tendon on itself
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Fig. (63):

With every two throws, the suture is pulled very tightly to

eliminate slack as the tendon tubularizes
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Fig. (64):

The WasherLoc is a low-profile washer with four long
peripheral spikes and multiple short central spikes. The
long peripheral spikes engage cortical bone and contain
the soft-tissue anterior cruciate ligament graft under the

washer. The multiple shorter spikes purchase the soft
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graft

Fig. (65):

An 8-mm diameter bone dowel harvester is driven over a
tibial guidewire to the level of the subchondral bone. The
harvester is rotated several times to break the bone dowel
away from the subchondral bone. The typical length of

the bone dowel is 20 to 30 mm
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Fig. (66):

The counterbore is oriented parallel to the back wall of
the tibial tunnel and is aimed toward the fibula. The
purpose of the counterbore is to recess the WasherLoc
inside the tibial tunnel to avoid irritating the overlying

soft tissues.
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Fig. (67):

The awl (A) is threaded into the drill sleeve (B), which is
threaded into the WasherLoc. Half of the graft is placed
on either side of the awl. The WasherLoc is oriented
parallel to the back wall of the tibialtunnel and is aimed

toward the fibula.
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Fig. (68):

The cone-shaped dilator is inserted anterior to the soft
tissue anterior cruciate ligament graft and is impacted 25
mm into the tibial tunnel. The cone-shaped space prevents
the cylindrical-shaped bone dowel from being driven into

the joint.
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Fig. (69):

The plastic sleeve is placed over the sharp tip of the bone
dowel harvester and inserted into the dilated opening. The
bone dowel is compacted into the tibial tunnel and

anterior to the soft tissue anterior cruciate ligament graft
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Fig. (70):

Double spike plate for graft fixation under an optional
tension. The standard-sized DSP is a 1.5 mm-thick, 18-
mmlong, 11-mm-wide, small plate made of titanium alloy

with three holes and two spikes of 5.5mm length on the
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