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Abstract
» Anterior cruciate ligament (ACL) injuries are becoming increasingly
common. They often result in functional instability, which negatively af-
fects the patient’s quality of life. After diagnosis, ACL injuries are typically
treated with ACL reconstruction surgery in active patients. There are 3
commonly used grafts for ACL reconstruction surgery: patellar tendon
autografts, hamstring autografts, and Achilles allografts. This article ex-
plores the critical role of the PA during ACL reconstruction surgery, par-
ticularly in efficient and precise graft preparation. By acquiring the
necessary skills, PAs can be invaluable to the surgical team and to
achieving positive patient outcomes.

Itisestimated that there are 250,000
anterior cruciate ligament (ACL)
injuries per year in the United
States1. The ACL provides re-

straint to anterior tibial translation while
also resisting internal rotation of the
tibia. An ACL-deficient knee often re-
sults in functional instability that limits
the ability of the patient to participate in
activities that involve cutting and pivot-
ing. ACL insufficiency also may affect
simple daily activities such as quickly
changing direction or going down stairs.
In addition to negatively affecting a
patient’s quality of life, an unstable knee
that results in repetitive translational
events puts the menisci and articular
cartilage at greater risk for injury; in the
chronic setting, this could possibly pre-
dispose patients to early arthritis. For
these reasons, ACL reconstruction sur-
gery is often indicated to restore stability
andgetpatients back to theirdesired level
of function.

ACL Injury History and Presentation
The classic presentationof anACL injury
is a noncontact mechanism that involves
cutting, pivoting, or acute deceleration1.
An ACL injury also can occur with a
contact injury involving hyperextension

or a valgus force. The patient often re-
ports a “popping” sensation and the knee
“giving way” or buckling. This is usually
followed by the inability to continue
playing and difficulty with weight-
bearing. A large hemarthrosis is usually
present, which may or may not be no-
ticed until the next day. While the ma-
jority of these injuries present acutely,
some patients recover and will not pre-
sent until they experience functional in-
stability or pain from an associated
injury.

Physical examination tests that are
used to diagnose ACL insufficiency in-
clude the Lachman, pivot shift, and an-
terior drawer tests2. It is important to
note that a physical examination in the
acute setting can be unreliable because of
the large effusion and guarding. If the
patient does not have full flexion and
extension, it is critical to encourage him
or her to work aggressively on range of
motion if nonoperative treatment is
chosen, or preoperatively to decrease the
risk of postoperative stiffness.

In addition to physical examina-
tion, magnetic resonance imaging (MRI)
is useful to confirm the diagnosis and to
evaluate for associated injury, including
other ligamentous disruptions and/or
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meniscal damage. A transchondral
injury pattern from a recent transla-
tional event associated with an ACL
injury is often seen on the fat-
saturation pulse sequence. This in-
cludes bone edema in the anterior
lateral femoral condyle (above the
anterior horn of the lateral meniscus)
and in the posterior aspect of the lat-
eral tibial plateau, most easily seen on
the sagittal cuts.

ACL Injury Treatment
Indications for Reconstruction
After anACL injuryhasbeendiagnosed,
it is often treated with ACL reconstruc-
tion surgery in young active patients
who desire to return to their previous
activity level. Although use of platelet-
rich plasma or stem cells has been
mentioned in the literature as a nonop-
erative treatment option, there is little
evidencesupportingtheiruse3.Thereare
indications for nonoperative treatment
in patients with an acute ACL injury.
Relative contraindications for early sur-
gery include a sedentary lifestyle, ar-
thritis, and advanced age. Patients may
elect to try nonoperative treatment and
have surgery later if they experience in-
stability. For the majority of patients
without these features, however, opera-
tive treatment is generally preferred.

Indications for surgery and sur-
gical techniques have evolved over the
past few decades. Recent literature
suggests that translational and rota-
tional stability are better controlled
with a more anatomic reconstruction.
Use of an anteromedial portal gener-
ally allows for more anatomic place-
ment of the center of the femoral
tunnel, which allows for a more hori-
zontal graft placement4. The trans-
tibial approach for femoral tunnel
creation often results in amore vertical
tunnel. One Multicenter Orthopaedic
Outcomes Network (MOON) study
compared outcomes following ACL
reconstruction with transtibial and
anteromedial portal techniques5. They
found that patients who underwent
reconstruction with a transtibial tech-
nique had substantially higher odds of
a repeat ipsilateral knee surgery, al-
though the different surgical tech-
niques were not predictors of the Knee
Injury and Osteoarthritis Outcome
Score (KOOS)Quality of Life subscore
or the KOOS Function, Sports, and
Recreational Activities subscore5.

Graft Choice
Graft selection has been a topic of
controversy and continues to be highly
debated. Many factors are considered

when choosing the optimal graft for an
individual. This article will cover 3
commonly used grafts: the patellar
tendon autograft, the hamstring au-
tograft, and theAchilles allograft. Each
option has advantages and disadvan-
tages (Table I). (A quadriceps auto-
graft is also an acceptable autograft
option that we use, mainly in the re-
vision setting; however, it will not be
discussed in this paper.)

The patellar tendon autograft has
been described as the gold standard, in
part because it provides the advantage
of bone-to-bone healing and has been
shown to have the lowest retear rate,
which makes it ideal for younger pa-
tients who tend to have higher activity
levels6. However, there is a risk of
donor-site morbidity, including pain
in the anterior aspect of the knee, pa-
tellar fracture, and patellar tendon
rupture7.

A hamstring autograft (semiten-
dinosus and gracilis) is a good option
for skeletally immature patients since
it is a soft-tissue graft and therefore less
likely to cause growth arrest. We also
use this graft for less-muscular female
patients with moderate activity levels
since it has less impact on postopera-
tive quadriceps strength, despite a
higher retear rate than a patellar

TABLE I Three Different Graft Types Utilized in ACL Reconstruction

Graft
Type Ideal Patient Advantages Disadvantages

Patellar
tendon
autograft

,30 years old;
high activity level;
skeletally mature

Bone-to-bone healing;
patellar tendon autograft has been shown
to have lowest retear rate

Donor site morbidity15;
anterior knee pain;
risk of patellar fracture;
risk of patellar tendon rupture;
higher rate of kneeling pain;
anterior knee numbness;
increased quadriceps weakness during
rehabilitation

Hamstring
autograft

Moderate activity level;
female (less baseline
quadriceps strength);
useful with skeletally
immature

Less donor-site morbidity than bone-to-
bone healing and less loss of quadriceps
strength postoperatively

Knee flexion weakness10 (clinically
insignificant, only in deep flexion);
tunnel widening9;
slower soft-tissue graft-tunnel healing

Achilles
allograft

.40 years old;
low activity level;
multiligament surgery

Eliminates donor-site morbidity related to
graft
harvest

Sterilization technique to decrease viral
disease transmission weakens tissue11;
higher failure rate16;
increased cost for graft12;
slower incorporation time17
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tendon autograft8. ACL reconstruc-
tion performed with this graft has
slower soft-tissue graft-tunnel healing
and an increased risk of tunnel wid-
ening and knee flexion weakness9,10.

Finally, while there are many
allograft options, the Achilles allo-
graft is the senior author’s preference
because of its size and availability. It is
used with patients who are older with
low activity levels or with patients
undergoing multiligament recon-
struction. Allografts eliminate the
risk of donor-site morbidity, but they
also have higher retear rates, partly
because of graft sterilization pro-
cesses6,11 and slower incorporation
time. Additionally, the cost of an al-
lograft is higher12-14.

PA Responsibilities During
ACL Surgery
The PA has several important re-
sponsibilities before, during, and after
ACL reconstruction. Prior to the sur-
gery, the PA should display relevant
MRI scans in the operating room. The
PA should also prepare the patient for
surgery by placing the tourniquet high
enough around the patient’s thigh to
avoid the sterile field. Although there
are various techniques, we lower the
foot of the table for notch preparation,
tunnel creation, and graft passage, and
it is important to have the patient po-
sitioned far enough down the table so
that the knee is beyond the break in the
table. This also ensures that adequate
knee hyperflexion is possible during
femoral tunnel reaming.

During the operation, the PA
should provide adequate valgus or
varus force to allow for exposure of the
medial and lateral compartments, re-
spectively. It is the PA’s role to prepare
the graft after the tendon has been
harvested or when the allograft is
available. This is one of the PA’s major
responsibilities and will be covered in
more detail in the next section. It is
critical to maintain hypervigilance re-
lated to protecting the graft from fall-
ing on the floor and becoming
contaminated. This is done by verbal-
izing who has possession and/or

control of the graft at all times, and by
securing the graft to the table with
sutures and snaps whenever possible;
additionally, we keep the prepared
graft enclosed in a sterile sealable
plastic bag or other sterile container on
the back table until it is needed. We
emphasize constant communication
and clear delineation of responsibili-
ties with respect to graft-handling. It is
helpful for the PA who prepares the
graft to pass it through the knee so that
the PA learns how it feels and can
troubleshoot if there is ever difficulty
with the passage. The PA should al-
ways double-check the size of the graft
and ensure that it passes smoothly
through a sizer prior to passing the
graft in the patient. Additionally, the
PA often is responsible for wound
closure after the procedure. If there is
an osseous defect, as is the case with
bone-to-bone graft harvest or quadri-
ceps tendon harvest, it is important to
fill in the patellar defect with the excess
bone-graft chips remaining after graft
preparation, or with morselized allo-
graft bone if needed. There are many
benefits to closing the thin paratenon
layer that covers the patellar tendon
postharvest: it keeps the packed bone
graft in place, approximates the pa-
tellar tendon, and also helps with
healing since tendons have limited
blood supply. To aid with visibility
during this closure, it is ideal to drop
the tourniquet following the para-
tenon closure. Meticulous dissection
of the paratenon during the approach
also facilitates closure.

Graft Preparation
With a patellar tendon autograft
(Fig. 1), the tibial bone plug (at the top
of the graft) will be passed into the
femoral tunnel socket. Generally, it is
trimmed with a rongeur or saw to a
width of 10mmanda length of 20mm.
The length can be shortened by 2 mm
(to a length of 18 mm) if the patient is
under 5 ft 3 in (160 cm) tall or it has a
small notch that may inhibit smooth
passage of the graft. Smaller patients
have less room for the plug to pass
through the knee and into the femoral

socket, especially if the tunnels are
created independently (i.e., not trans-
tibial) because they are not colinear.
We make the tip bullet-shaped for
easier graft passage. Threeholes (1mm
in size) should be drilled, and number-
5 nonabsorbable suture should be
passed through each hole using Keith
needles in both bone plugs. The area
where the sutures are should be
marked with a surgical marker for
easier orientation in the notch during
graft passage and to avoid suture lac-
eration at the time of screw insertion.
The step-off area of the tendon at-
tachment to the tibial boneplug,which
is the area for the femoral fixation
screw, should also be marked. This
step-off allows room for femoral screw
insertion adjacent to the tibial bone
plugbut safely away fromthe tendonat
the level of the femoral socket. A Beath
pin should be used for graft suture
passage through the femoral socket
because a slotted guidewire will not
create a hole in the far femoral cortex
that is large enough to allow both ends
of the 3 nonabsorbable sutures to pass.
The patellar bone block goes into the
tibial tunnel. We do not trim this bone
length since any excess will be trim-
med at the end of the procedure if it
sticks out of the tibial tunnel. The
bottom of the plug should be marked
with surgical marker for easier visual-
ization of where to put the fixation

Fig. 1
A patellar tendon autograft.
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screw in case thegraft is short andup in
the tunnel.

With a hamstring autograft
(Fig. 2), we use a closed-loop Endo-
Button (Smith & Nephew; 15 mm in
size) for suspensory fixation on the
femur. We replace the sutures with
stronger and different-colored
number-5 nonabsorbable sutures and
number-2 synthetic nonabsorbable
suture. The remaining hamstring
muscle should be gently scraped off of
the tendons with a sterile metal surgi-
cal ruler, and the small tendon bands
that may interfere with smooth pas-
sage should be trimmed. Each of the
tendons should be doubled over to
make a quadrupled graft of at least
100 mm in length. The graft should be
threaded through the EndoButton
loop and secured in position with 2.0
absorbable suture about 3 mm below
the EndoButton loop. We start sewing
with number-2 synthetic nonabsorb-
able suture at 70 mm from the Endo-
Button loop and sew until the end of
the tendon is reached. We use fiber
loops (or Krackow stiches) on each of
the 2 tails, which are composed of an
end of the gracilis and semitendinosus
tendons on both sides. The tunnel
width should be tested to ensure that
the entire graft passes through rela-
tively easily; the surgeon should be
informedof the graftwidthbecause the
tunnel width is based on the graft

width. Generally, the width is 7 to
8 mm (range, 6 to 9 mm).

With an Achilles allograft
(Fig. 3), the bone block inserts into the
femoral socket. First, we use a double-
cutting 10-mm blade for guidance
before making cuts with the saw. We
cut the block to measure 103 20 mm,
and we make the tip bullet-shaped
with the saw for easy passage. It is
important to be mindful of a banana-
shaped bone block since these can be
difficult to fit into a cylinder shape.We
trim only a small amount at a time so
that we do not inadvertently make it
too thin. We drill 3 holes (1 mm in
size), and then pass number-5

nonabsorbable sutures through on
Keith needles. We trim the soft-tissue
tail with scissors to a width of 10 mm,
with sutures placed from 55 to 75 mm
(20mmof sutures).We use fiber loops
on a straight needle or Krackow
stitches with synthetic nonabsorbable
suture. Lastly, we check that the entire
graft passes through a 10-mm tunnel.
A Beath pin should be used for graft
suture passage through the femoral
socket because a slotted guidewire will
not create a hole in the far femoral
cortex that is large enough to allow
both ends of the 3 nonabsorbable su-
tures to pass.

Postoperative Care
and Rehabilitation
After surgery, the patient can bear
weight as tolerated and can also start
flexion exercises to regain range of
motion. In total, rehabilitation after
surgery typically lasts between 6 and
12 months.

Conclusions
ACL injuries are common, and surgi-
cal treatment is often indicated. Pa-
tients with ACL tears vary in sex, age,
and activity levels, and careful con-
sideration should be given to each
patient’s needs to determine graft se-
lection. Patellar tendon autografts,
hamstring autografts, and Achilles al-
lografts are 3 commonly utilized grafts

Fig. 2
A hamstring
autograft.

Fig. 3
An Achilles allograft.
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in ACL reconstruction. Each graft has
its ownpros and cons, which should be
considered with each patient. PAs
have a crucial role during ACL recon-
struction surgery, and they have the
ability to make extremely valuable
contributions. By acquiring the nec-
essary skills, PAs can be invaluable to
the surgical team and to achieving
positive patient outcomes.
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