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Hamstring Braid Graft Technique for Anterior
Cruciate Ligament Reconstruction
Gonzalo Samitier, M.D., Ph.D., and Gustavo Vinagre, M.D., Ph.D.
Abstract: Hamstring autograft is one of the most used grafts for anterior cruciate ligament (ACL) reconstruction,
although there are several graft preparation techniques. It is extremely difficult to mimic the biomechanical properties of
the native ACL; thus, it is important to achieve a proper graft configuration, diameter, and length. To avoid reruptures, an
optimal and reproducible hamstring autograft is desired. Hamstring autograft has been traditionally devalued when
compared with other options such as boneepatellar tendonebone autograft. The purpose of this Technical Note is to
describe in detail a hamstring braid graft configuration that could potentially overcome the past disadvantages of ACL
reconstruction.

1,3,5,6,7
he anterior cruciate ligament (ACL) lesion is one of
Tthe most common intra-articular injuries of the
knee. Surgical reconstruction is the current standard of
care for treatment of ACL tears, and it is one of the most
challenging procedures in orthopaedic surgery.
Several factors play a crucial role in performing an

adequate ACL reconstruction: tunnel positioning, graft
selection, fixation, diameter, length, and configura-
tion.1-8

Graft selection continues to remain very controversial
in ACL reconstruction.9 It is an extremely important
decision and should take into consideration different
factors, such as surgeons’ preference, patient needs/
expectations, type and level of sports, and graft speci-
fications.3,10-12

The hamstring autograft is a commonly used graft due
to some positive benefits, such as accessibility and ease
of harvest, soft tissue tunnel passage, comparable
strength to native ACL, and a custom individualized
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graft length and diameter. Most of the
advantages of using hamstring autograft are the
disadvantages of using boneepatellar tendonebone
(BPTB) autograft, such as anterior knee pain, risk of
patellar fracture, patellar tendinitis/tendon avulsion or
rupture/condropathy, patella baja, tibial fracture, loss of
extension, or pediatric ACL reconstruction (contra-
indicated to use bone plugs in open physis).3,13-18

BPTB autograft remains the gold standard for ACL
reconstruction in young, active, and high-demand
athletes. Recent studies have shown that BPTB auto-
graft has a lower rerupture rate and is more objectively
stable when compared with hamstring autograft.19,20

Nevertheless, different studies have shown clinical
results to be equivalent between semitendinosus-
gracilis tendons autograft and BPTB autograft in ACL
reconstruction.4,20-23

There are several graft preparation techniques for
hamstring autograft with different final diameters,
lengths, and configurations.3-5,7,8 To obtain an optimal
ACL graft it must have a strength that is similar to or
exceeds the native ACL.
The purpose of this Technical Note is to describe in

detail the hamstring braid graft (Table 1), which is an
easy-to-prepare and reproducible graft with theoreti-
cally similar biomechanical properties to the native ACL
tissue for ACL reconstruction.

Surgical Technique

Graft Harvest
For hamstring braid graft, both semitendinosus (ST)

and gracilis (GC) tendons should be harvested. An
oblique incision is made medial to the tibial tubercle to
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Table 1. Advantages and Disadvantages of the Hamstring Braid Graft Configuration for Anterior Cruciate Ligament (ACL)
Reconstruction of the Knee

Advantages Disadvantages

� Thicker graft (approximately 1 mm diameter increase).
� Ribbon-like and braided shape, mimicking the ACL native shape and theoretically

increasing biomechanical strength.
� Does not require the mastering of different hamstring preparation techniques to

increase graft diameter.
� Stronger tibial fixation (4 strands in contact with tibial tunnel and interference

screw), potentially decreasing graft rupture during screw insertion or over time.
� Can be used with fixed or adjustable cortical loop suspensory devices.
� The braid can be made with 3 ends (instead of 4), in case there is rupture of one end

during tendon harvesting.
� Autograft or allograft of other tendon types can be used to configure the braid.
� This technique can be used for ACL or posterior cruciate ligament reconstruction.
� Reproducible final graft.

� Shortening of approximately 5-10 mm in length.
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reach the sartorius fascia and pes anserine bursa and is
approximately 2.5 cm in length. An oblique incision in
the sartorius fascia is then made to expose the
hamstring tendons. Once the tendons are identified and
released from the surrounding attachments, an open
tendon stripper is used to release each tendon from its
proximal muscular attachment while flexing the knee
in a slight varus motion. Each tendon is then released
distally in the tibial tubercle.
Figure 1. Initial hamstring graft preparation using semite-
ndinosus and gracilis autologous tendons. First, each of the 4
free ends are stitched with a nonabsorbable suture (white
arrow). Then the 2 hamstring tendons are folded in half,
passing both of them through the cortical suspensory
adjustable-length device loop; then the 4 ends of the graft are
stitched together 1 cm distally (yellow arrow) from the
cortical suspensory adjustable-length device loop (blue arrow)
to keep the same length of each strand of the graft when
preparing the braid configuration (the same length of sem-
itendinosus free ends and same length of gracilis free ends
must be kept).
Graft Preparation

This technique was developed by the senior author
(G.S.); the graft preparation and configuration are done
in a graft preparation station (Smith&Nephew,Andover,
MA; Video 1). The removal of themuscular tissue of each
tendon is then performed using scissors or scalpel. Un-
stable portions of each tendon are also removed. Both
tendons are then loaded in a cortical suspensory
adjustable-length device (Ultrabutton, Smith &Nephew)
to create a 4-strand graftwith 2 tendons (GC and ST). The
4 free ends are stitchedwith a nonabsorbable suture (e.g.,
Ethibond Excel No. 2, Ethicon), and the 4-strand graft is
stitched together 1 cm distally from the cortical suspen-
sory adjustable-length device to reinforce and keep the
same length to each free endof each tendon (same length
to ST free ends and same length to GC free ends; Fig 1).
Each end of the graft should be grabbedwith a handwith
some tension and divergence with the help of 1 or 2 as-
sistants (ideally). Proper measurements (diameter and
length) are made before and after preparing the
hamstring braid graft configuration.

Graft Configuration

Hamstring Braid Graft Preparation

Starting right to left, the distal end of the graft that is
more on the right should be passed above the distal end
on its left (Fig 2, panel 1), then below the next end on the
left (Fig 2, panel 2), and finally above to the last of the 4
ends (Fig 2, panel 3), which initially was located on the
left corner (Fig 2; Video 1). This sequence must be
repeated until no more distally remaining tendon is
available. At the end of the hamstring braid graft
configuration, each suture pair (same tendon) should be
hand stitched together; then unstable portions of the
graft are removed and final measurements can be made.
Other pearls and pitfalls should be taken into account

in the surgical graft preparation technique for obtaining
an optimal hamstring braid graft (Table 2).



Fig 2. The 4-step sequence
to recreate the braided
configuration of a
hamstring graft used for
anterior cruciate ligament
reconstruction. Starting
right to left, the distal end of
the graft more on the right
(A, yellow) should be
passed above the distal end
on its left (B), then below
the next end on the left (C),
and finally above to last end
(D), which initially was
located on the left corner.
This sequence must be
repeated until no more
distally remaining tendon is
available. At the end of the
hamstring braid graft
configuration, each suture
pair (same tendon) should
be hand stitched together.
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Graft Passage and Fixation

The final graft should have a “ribbon-like” appearance
as described by �Smigielski et al.,24 with a braid appear-
ance as well (Fig 3). Care should be taken to push the
final graft into both tunnels and keep it tensioned (Fig 4).
Interference screw should be placedmedial to the graft in
the tibia, with the end tip close to the articular entry level
to avoid extra-articular migration of the synovial fluid
and to minimize osteolysis related to the windshield
wiper effect. With this ribbon-like flattened braid graft
configuration, the 4 strands of the graft are uniformly
compressed by the interference screw.



Table 2. Pearls and Pitfalls of the Hamstring Braid Graft Preparation Technique for Anterior Cruciate Ligament Reconstruction

Pearls Pitfalls

� The 4 free ends should be stitched with a nonabsorbable suture,
and the 4-strand graft should be stitched together 1 cm distally
from the cortical suspensory device.

� After finishing the braid, the free ends should be sutured to each
other to keep the braid configuration stable.

� Use a graft station with measurements and a proper tension
mechanism for graft pretensioning.

� Place the cortical suspensory device before starting the braid
configuration.

� Improper continuous tension and angles during braid preparation
can lead to nonuniform final graft configuration.

� A minimum of 8-9 cm in length is desirable for final graft safe
fixation.

� Be careful when cutting the suspensory device sutures after
femoral and tibial fixation to avoid flipping the device.
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Discussion
Numerous different hamstring autograft preparation

techniques have been described in the literature
regarding different configurations.3,4,5,7,8

Different studies have compared BTPB versus
hamstring autograft.4,9,20-23 Some studies have shown
equivalence between BTPB and ST-GC autografts in
ACL reconstruction.4,20-23 Xie et al.20 have shown the
superiority of BTPB autograft in rotation stability when
compared with 4-strand hamstring tendon autografts.
Fig 3. Photograph from the outside during anterior cruciate
ligament reconstruction when the graft is about to enter
through the tibial tunnel in the anteromedial aspect of the
proximal leg, medial to the tibial tuberosity (white arrow); the
patient is supine, and the right leg is hanging with 90� of
flexion; the braided ribbon-like appearance of the final graft is
apparent (yellow arrow), held with the cortical suspensory
adjustable-length device loop (blue arrow).
Samuelsen et al.’s9 meta-analysis of 47,613 patients
comparing hamstring autograft versus BPTB reported
that hamstring autografts failed at a higher rate than
BPTB autograft. However, Dai et al.4 have shown
superior anteroposterior and stability of 6-strand
hamstring allograft versus BPTB allograft. This finding
reinforces our hypothesis that a stronger and more
robust hamstring graft configuration will lead to a bet-
ter stability and potentially better functional results.
The comparison of BPTB autograft, a much more

standardized and reproducible final graft after its
preparation, to different types of hamstring autografts
(with different diameters, lengths, and configurations)
makes this comparison unfair and unequal.
According to Conte et al.,1 the size of hamstring auto-

graft matters. A graft <8 mm in diameter is a risk factor
for poor outcomeswith an increase in failure rates. Thus,
it is essential to master different hamstring graft prepa-
ration techniques to obtain an individualized graft with
the appropriate diameter and length that matches the
patient’s anatomy, height, and physical demand.
The presumed advantages of performing the hamstring

braid graft technique (Table1) areobtaininga thicker graft
(approximately 1mmhigher, despite having a shortening
of approximately 5-10 mm in length); having an even
ribbon-like graft, which seems to reproduce the native
Fig 4. Arthroscopic intra-articular view (right knee, 90�

flexion) of the final anterior cruciate ligament graft once it is
stabilized; the view is from the anterolateral portal, and the
probe is handled from the anteromedial accessory portal; the
hamstring braid configuration can be observed inside the
trochlear notch placed anatomically (white arrow).
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ACL shape24; and having a braid-shaped graft, which
could mimic the mechanical behavior of the native ACL
(invivo studies shouldbeperformed toprove its strength).
Folding the tendons more than once is not required, nor
mastering different hamstring configuration techniques
that fold the graft in different strands to obtain a much
more reproducible final graft. This configuration allows a
uniform fixation of the 4 strands of the graft with the
interference screw, which leads to a stronger tibial fixa-
tion, minimizing the incidence of “cutting through” and
reducing the potential need for double tibial fixation. This
configuration can be used for posterior cruciate ligament
(PCL) reconstruction. In addition, this braided configu-
ration can theoretically compensate for the intrinsic
viscoelasticity related to soft tissue grafts, minimizing the
stretching after the reconstruction that eventually ends in
laxity and reruptures.
We also considered the potential additional risks and/

or limitations of this technique for our patients before
applying it. One of the main potential limitations is that
the graft after the creation of the braid will be shortened
by approximately 5 to 10mm; although this is a problem
particularly in hamstring ACL reconstruction, it can also
be a problem in the case of very short tendons, large-size
patients, or when performing a PCL reconstruction
where a minimum 9mm graft is desirable. In these cases
we simply recommend not making the braid configura-
tion to maintain the longest graft possible.
Another potential limitation of our work is the lack of

biomechanical results to corroborate our clinical
observations; the presumed increased strength and
resistance of our braided thicker graft could have an
opposite effect to the onedesired and turn it too rigid, and
therefore cause an augmented risk of rerupture in the
mid-long term; althoughwehavenot observed this effect
in our patients, long-term prospective clinical evaluation
is necessary to elucidate whether clinical results in terms
of stability and graft duration are effectively improved or
not using this graft configuration.
Finally, it is necessary to take into account that a

minimum of training is needed to prepare the graft,
which also will take a few extra minutes if the surgeon
has to prepare it him- or herself; this must be taken into
account for the total duration of the intervention.
In conclusion, the hamstring braid graft is a reliable,

easy-to-prepare, and reproducible graft configuration
that provides a stronger and more uniform hamstring
graft than can be used in primary and revision ACL/PCL
reconstruction and should be in the armamentarium of
every ACL orthopaedic sports knee surgeon.
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