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Technique for All-Inside Anterior Cruciate Ligament
Reconstruction Using Quadrupled Semitendinosus

and Gracilis Autograft

Natalie A. Lowenstein, B.S., Madison E. Altwies, P.A.-C., Victor Hoang, D.O.,

Taylor Anthony, B.S., and Elizabeth G. Matzkin, M.D.
Abstract: Anterior cruciate ligament (ACL) injuries are common to athletes and non-athletes alike. Whereas the liter-
ature has historically supported boneepatellar tendonebone as the gold standard for active patients who elect to undergo
ACL reconstruction, other studies have suggested that soft-tissue grafts do not increase the risk of rerupture. Because graft
diameter has a direct effect on revision rates, we share a technique for all-inside ACL reconstruction using quadrupled
semitendinosus and gracilis autograft that allows for a predictable, robust graft. Reproducible steps of graft harvesting,
tunnel preparation, graft passage, and fixation are shared to achieve a robust anatomic reconstruction.
ith an incidence of 100,000 to 200,000 cases per
Wyear, anterior cruciate ligament (ACL) injury is
far too common. Most active patients are treated with
ACL reconstruction (ACLR) surgery with plans to re-
turn to preinjury activity levels.1,2 Many studies have
compared surgical techniques to minimize the risk of
retear and to assess return to sport, long-term anterior
knee pain, and increased risk of osteoarthritis.3-7 The
historical gold standard of ACLR graft techniques for
many surgeons has been boneepatellar tendonebone
(BPTB) as the literature has shown that the risk of
retear in young patients and elite, contact sport athletes
is minimized.3,8 However, other studies have shown
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that there are no differences in graft rupture when
comparing BPTB with soft-tissue grafts such as
hamstring tendon graft.4 The aim of this technical note
is to describe a technique for graft preparation and
ACLR to ensure an adequate graft diameter when using
hamstring autograft.9-11 We share various tips and
pearls to achieve successful all-inside ACLR using
quadrupled semitendinosus and gracilis. Details of graft
harvest, tunnel preparation, graft passage, and fixation
are shared to achieve a robust anatomic reconstruction.

Surgical Technique

Patient Positioning and Preparation
At the time of surgery, the patient is placed supine

and a thigh tourniquet is applied. The operative leg is
Fig 1. Intraoperative image of left knee from medial view-
point. After careful dissection at the pes anserine, the sem-
itendinosus tendon is resected from the tibial insertion.
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Fig 2. Intraoperative image of left knee from medial view-
point. After release from its insertion, the semitendinosus
tendon is harvested with a tendon stripper.

Fig 4. Intraoperative image of graft preparation on back table.
The semitendinosus graft is quadrupled by folding twice, and
the tail ends are secured with looped suture.
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prepared and draped in a sterile fashion. A leg holder or
post can be used per the usual ACLR setup.

Graft Harvest and Preparation
A small incision (approximately 2-3 cm) is centered

over the pes anserinus tendons. The incision is carried
down through the skin and the subcutaneous tissue.
Both the semitendinosus and gracilis tendons are
identified. The semitendinosus is released from the
tibial attachment site (Fig 1). A looped suture is placed
in the distal 1 to 2 cm of the tendon (Fig 2). All fascial
bands are released with care taken to ensure that the
band to the gastrocnemius muscle is released. A tendon
stripper is used to harvest the semitendinosus, which is
then passed off to the back table. A similar technique is
used to harvest the gracilis tendon. The tendons are
cleaned and trimmed to a length of 230 to 280 mm
depending on the size of the patient and the desired
quadrupled graft length.
Fig 3. Intraoperative image of graft preparation on back table.
The harvested semitendinosus tendon is passed through a
TightRope loop, and the tail ends are tied together with loo-
ped suture.
Adjustable suspensory buttons (TightRope RT;
Arthrex) are loaded onto the graft preparation board
(Graftmaster; Arthrex). The harvested tendons are
passed through the adjustable suspensory button loop,
and the tail ends from both the semitendinosus and
gracilis are sutured together using a looped suture (Fig
3). The graft is then quadrupled, and the tail ends are
tucked into the graft using the needle of the looped
sutures (Fig 4). Care is taken to make sure the cortical
button fixation suture loop is not pierced.
Next, wrapped whipstitch sutures are passed around

the quadrupled graft construct (Fig 5). This can be
repeated 4 times (2 wrapped sutures on each end,
approximately 1 cm apart) with a buried-knot tech-
nique. At this point, by use of the Graft Sizing Block
(Arthrex), the graft diameter can be checked, which
should be a minimum of 9 mm. The graft is wrapped in
a vancomycin-soaked sponge and placed in 10 to 15 lb
of tension.12
Fig 5. Intraoperative image of graft preparation on back table.
Whipstitch sutures are passed through the quadrupled sem-
itendinosus graft, and the knots are buried. This step can be
performed twice on each side of the graft prior to final
measurement.



Fig 6. (A) Arthroscopic image of left knee
through anteromedial (AM) portal. (B)
Intraoperative image of left knee from
anterolateral (AL) viewpoint. With the
knee flexed to 105� to 110�, an outside-in
femoral guide is placed through the AL
portal onto the anterior cruciate ligament
footprint.

Fig 7. (A) Arthroscopic image of left knee
through anteromedial (AM) portal. (B)
Intraoperative image of left knee from
anterolateral (AL) viewpoint. A retrograde
drill is inserted through the AL portal, and
a 30-mm-long femoral tunnel is made. The
flipped end of the drill has a diameter equal
to that of the graft.

Fig 8. Arthroscopic image of left knee through anterolateral
(AL) portal. In preparation for later graft passage, a suture
loop is passed through the femoral tunnel.
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Diagnostic Arthroscopy
A standard diagnostic knee arthroscopy is performed

using anterolateral (AL) and anteromedial (AM) por-
tals. All intra-articular pathology of the menisci and
cartilage is addressed. The torn ACL fibers are debrided,
and the femoral wall is prepared with an arthroscopic
shaver and radiofrequency probe as indicated.

Anatomic Femoral Tunnel Preparation
The arthroscope is placed into the AM portal with the

outside-in femoral guide (Footprint Femoral Guide;
Arthrex) placed into the AL portal and usually set at
105� to 110� (Fig 6). The guide is placed into the
anatomic ACL footprint. A retrograde drillereamer
(FlipCutter; Arthrex) with a diameter equal to that of
the graft is used to create the femoral tunnel. The
tunnel length is usually 25 to 35 mm depending on the
size of the patient. Care is taken to preserve the cortex
(Fig 7). The arthroscopic shaver is used to ensure all
loose debris is removed from the knee. A looped passing
suture or FiberStick (Arthrex) is passed through the
femoral tunnel for later graft passage (Fig 8). The loo-
ped suture is not pulled out of the AL portal until after
tibial tunnel preparation is complete.



Fig 9. (A) Arthroscopic image of left knee
through anterolateral (AL) portal. (B)
Intraoperative image of left knee from
anterior viewpoint. A retrograde drill is
placed through a separate incision at the
medial aspect of the tibial tubercle for
drilling of the tibial tunnel.

Table 1. Pearls and Pitfalls

Step Pearl Pitfall

Marking of graft 15 mm from femoral and
tibial ends

Marking will ensure a minimum of 15 mm of
graft into the femoral and tibial tunnels.

Failure to mark the graft ends may increase
the risk of having too much graft in one
tunnel and too little graft in the other.

“Triple T lengthening” The tibial cortical looped sutureeTightRope
should be lengthened prior to removing the
graft and looped cortical buttons from the
post to ensure that the suspensory button is
long enough to pass outside the tibial
tunnel.

Failure to lengthen the cortical looped suture
eTightRope may result in the suspensory
button becoming stuck in the tibial tunnel.

“Smooth operator” A ring grasper should be used to pull the
looped sutures through the AM portal
multiple times to ensure no soft-tissue
bridges.

Soft-tissue bridges may cause graft
entanglement during graft delivery.

“Flip or flop” The arthroscope and incision used for the
femoral guide can be used to visualize and
confirm that the femoral button is flipped
outside of the cortex and deep to the
iliotibial band.

Failure to achieve direct visualization may
lead to suspensory button misplacement
and failed fixation.

AM, anteromedial.
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The arthroscope is placed back into the AL portal, and
the tibial guide (Tibial ACL Marking Hook for Retro-
Construction Drill Guide; Arthrex) is placed through
the AM portal and set at 55� to 60�. The same retro-
grade drill is used to create the tibial tunnel to a desired
length of usually 35 to 45 mm (Fig 9). Care is again
taken to preserve the tibial cortex for cortical button
(TightRope RT) fixation. The arthroscopic shaver is
again used to remove loose debris from the knee.
Another looped passing suture or FiberStick is passed
through the tibial tunnel. It is important to note that the
femoral and tibial tunnel lengths plus approximately
25 mm for the ACL should measure at least 10 mm
longer than the graft length to ensure that the graft can
be tensioned completely and not bottom out (Table 1).

Final Graft Preparation
The graft is marked using a marking pen for visuali-

zation of landmarks. These landmarks can be used
during graft placement via the arthroscope. First, by use
of the lateral femoral intraosseous distance, the length
from the femoral condyle to the outer cortex is
measured and marked on the graft loop from the tip of
the suspensory button. In most cases, this is approxi-
mately 30 to 40 mm. This allows an arthroscopic visual
aid to anticipate the correct suspensory button



Fig 10. Intraoperative image of graft preparation on back
table. The quadrupled semitendinosus graft is marked 15 mm
from both ends to aid in sufficient placement during graft
tightening.
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placement outside the cortex. The graft is then marked
15 mm from the femoral and tibial ends (Fig 10). This
allows for a minimum of 15 mm of graft into both the
femoral and tibial tunnels prior to tensioning on both
sides (Table 1). Prior to removal of the graft and looped
cortical buttons (TightRope RT) from the posts, the
tibial looped cortical button (TightRope RT) should be
lengthened to ensure that it is longer than the length of
the tibial tunnel to pass outside. Before shuttling the
graft into place, the surgeon should confirm that there
are no soft-tissue bridges between the looped sutures
and AM portal. The femoral and tibial tunnel looped
sutures are pulled through the AM portal with a ring
grasper several times until smooth passage is achieved;
this step is critical for easy graft passage (Fig 11).
By use of the previously passed looped suture or

FiberStick, the graft is shuttled through the AM portal
and into the femoral tunnel. The femoral-sided
adjustable suspensory fixationeTightRope RT is
deployed on the femoral side. To ensure that the button
is properly deployed on the femoral cortex and is deep
to the iliotibial band, direct visualization can be per-
formed with the arthroscope in the small femoral
incision used for placement of the outside-in femoral
Fig 11. (A) Arthroscopic image of left knee
through anterolateral (AL) portal. (B)
Intraoperative image of left knee from AL
viewpoint. The femoral and tibial tunnel
looped sutures are pulled through the
anteromedial (AM) portal with a ring
grasper. This can be performed several
times until smooth passage is achieved.
guide or with a mini C-arm. By use of the markings
previously placed on the graft, the graft can be slowly
advanced approximately 15 to 20 mm into the femoral
tunnel (Fig 12, Table 1). The graft is then passed
through the tibial tunnel, and the cortical button fixa-
tion is deployed on the tibial side, again with a mini-
mum of 15 to 20 mm in the tibial tunnel (Fig 13).

Suture Buttons and Tensioning
The graft is sequentially tightened on both sides until

it is taut to probing (Video 1). The knee is cycled mul-
tiple times to remove any creep in the system through
range of motion, and the surgeon checks for impinge-
ment on the lateral wall, on the posterior cruciate lig-
ament, or in full extension (Fig 14). This can be
repeated until the graft is at the desired tension and the
Lachman examination shows a grade of 1A.
Discussion
ACLR is one of the most common orthopaedic pro-

cedures performed for athletes and non-athletes.1

Whereas BPTB grafts have historically been the gold
standard of treatment for reconstruction, there is liter-
ature that has shown no difference in rerupture rates
between BPTB and soft-tissue grafts.4 All-inside ACLR
with quadrupled semitendinosus and gracilis tendon
has shown excellent outcomes. We present such a
technique and emphasize the importance of an
adequate graft diameter. This technique can reproduc-
ibly ensure a graft with a robust diameter of a minimum
of 9 mm to help minimize the risk of retear and
maximize return to sport while providing predictable
and consistent outcomes for all patients undergoing
ACLR.9 Graft diameter has been shown in several
studies to have a direct effect on revision rates.8,13

Traditional doubled-over hamstring autograft often
does not provide a graft with an adequate diameter,
which may increase the risk of rerupture. The use of
quadrupled semitendinosus and gracilis allows for a
robust graft (diameter � 9 mm) for all patients, which is



Fig 12. (A) Arthroscopic image of left knee
through anterolateral (AL) portal. (B)
Intraoperative image of left knee from AL
viewpoint. The graft is shuttled through the
anteromedial (AM) portal by using a loo-
ped suture, and the femoral-sided Tight-
Rope is deployed on the femoral side.

Fig 13. (A) Arthroscopic image of left knee
through anterolateral portal. (B) Intra-
operative image of left knee from antero-
lateral (AL) viewpoint. The graft is passed
through the tibial tunnel, and the Tight-
Rope is then deployed on the tibial side.

Fig 14. Arthroscopic image of left knee through anterolateral
(AL) portal. After placement and tensioning, the graft is
inspected with a probe to check for impingement on the
lateral femoral wall or posterior cruciate ligament.
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especially important in young female athletes. A recent
study has shown comparable outcomes at 1 and 2 years
postoperatively between male and female patients
receiving quadrupled semitendinosus autograft with a
minimum diameter of 9 mm.9 Furthermore, there is a
recent report of a 5-strand hamstring graft showing
comparable biomechanical strength to a quadrupled
graft and indicating that this may be an option if the
final graft diameter is insufficient.14

There are several other noteworthy advantages to this
technique. Using an independent femoral guide allows
for precise anatomic placement onto the ACL footprint
and attachment site to increase the likelihood of
restoring normal knee kinematics, which is especially
important for smaller patients. In addition to a guar-
anteed robust graft diameter, this technique avoids the
potential risks of a short tunnel, posterior wall blowout,
and impingement of the lateral wall of the inter-
condylar notch. In comparison to interference screws,
adjustable suture buttons allow for ideal graft
tensioning after range-of-motion testing. Although the
all-inside technique allows for a shorter graft to be used,



Table 2. Advantages and Disadvantages

Advantages
Use of an independent femoral guide allows for anatomic

placement on the ACL footprint to increase the likelihood of
restoring normal knee kinematics, which is especially
important for smaller patients.

Use of an independent femoral guide avoids the potential risks of a
short tunnel and posterior wall blowout.

Quadrupled ST and gracilis provide a reliable and robust graft
diameter.

Adjustable suture buttons, rather than interference screws, allow
for ideal graft tensioning after range-of-motion testing.

Graft length can be shorter when using an all-inside technique
with suspensory button fixation, making it ideal for a
quadrupled hamstring graft.

Disadvantages
Surgeons unfamiliar with the all-inside technique may find the

procedure and graft preparation to be technically demanding.
Operative time and donor-site morbidity are increased owing to

autograft harvesting.

ACL, anterior cruciate ligament; ST, semitendinosus.
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disadvantages to this technique include the technically
demanding nature of the procedure. In addition,
operative time is increased owing to autograft harvest
and preparation (Table 2). Although the choice of graft
and technique performed is at the discretion and
comfort level of the individual surgeon, further studies
should be performed to quantify whether this tech-
nique is superior to other conventional reconstruction
techniques.
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