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Abstract: Arthroscopic anterior cruciate ligament (ACL) reconstruction has been the gold standard of care for ACL
injuries for many years. Recently, there has been growing literature and interest in arthroscopic primary ACL repair in
select patients with predominantly proximally based ACL tears. This Technical Note demonstrates a surgical technique that
offers an efficient minimally invasive and physeal-sparing anatomic ACL repair with all-inside internal brace augmen-
tation that in the short term has offered good results for our patients.

nterior cruciate ligament (ACL) repair was the

first procedure ever reported in the history of ACL
surgery; however, the results of these pioneering sur-
geries were never trustworthy. Since the beginning of
modern ACL surgery, dating back to the 1960s, the
results of ACL repair, as reported by several authors
over the years, were overall unsatisfactory, leading
knee surgeons to the conclusion that a torn ACL was
irreparable.’ In the last few years, however, there has
been an increasing number of papers on direct repair of
ACL injuries published in the international literature to
suggest that ACL repair should be reconsidered as an
alternative to reconstruction, with authors consequen-
tially taking advantage of new surgical materials, de-
vices, and techniques.”” Advocates performing primary
ACL repair advise performing the procedure only on
select patients with proximal tears.” Clinically, the
outcomes of ACL repair with advanced arthroscopic
techniques and modern rehabilitation protocols have
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shown improvement and encouraging results with
greater potential for early healing and equivocal func-
tional outcomes as compared with reconstruction sur-
gery.”® Several ACL repair techniques have been
described; however, the primary aim of this article is
to describe the step-by-step technique for a primary
ACL repair using a physeal-sparing construct that
augments the ACL repair with an internal brace.

Patient Evaluation, Imaging, and

Indications

All procedures were performed in compliance with
relevant laws and institutional guidelines. The treat-
ment of all patients undergoing arthroscopic ACL repair
always begins with a thorough patient history, physical
examination, and review of indicated imaging to reach
a correct diagnosis. A comprehensive history addressing
the mechanism of injury, presence of a “pop,” gener-
alized pain, and immediate onset of swelling must be
obtained from the patient. When patients tear their
ACL, they often describe a loud “pop,” and instability of
the knee.” After the injury, hemarthrosis and knee
effusion usually occur rapidly, and patients complain of
their knee giving way. This giving-way sensation can be
explained by the tibia moving forward and rotating
internally because it is not resisted by the torn ACL. In
the acute setting, the physical examination is often
limited by guarding from pain, and ligamentous laxity
often can be hard to assess. If possible, assessment for
ligamentous laxity should still be performed. The
Lachman test and pivot shift will evaluate for increased
anterior tibial translation and rotatory laxity,
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respectively.'’ The Lachman and the pivot shift test
have respective sensitivities of 0.87 and 0.49 and
specificities of 0.97 and 0.98."°

When an injury to the ACL is suspected, imaging
starting with standard radiographs of the knee should
be obtained. On standard radiographs, the presence of a
Segond fracture can help clue you in to the presence of
an ACL injury; nonetheless, magnetic resonance im-
aging is still strongly recommended to be part of the
diagnostic evaluation. The use of magnetic resonance
imaging helps evaluate for additional pathology and
confirmation of ACL tear with a sensitivity and
specificity of 97% and 100%, respectively.'®

Indications for ACL repair revolve around identifying
ACL ligament tear patterns with the potential to heal.
The Sherman classification was established to help
identify proximally based tear patterns that have the
most healing potential.'' The Sherman classification
organizes ACL tears by location to the proximal half of
the ACL. Type 1 tears are true proximal avulsion tears,
type 2 tears have 20% of the ligament on the femoral
wall, type 3 tears have up to 33%, and type 4 tears have
up to 50% of the ligament tissue on the femoral wall."’
Only acute and subacute type 1 tears were traditionally
recommended to be repaired, but more recently, a
modified classification system recommends that ACL
repair indications can be extended to proximal 25%
ACL location tears from distal to proximal length.'” In
summary, indications for ACL repair with this article’s
technique are patients of any age group with proximal
25% avulsion tears of sufficient ACL remnant tissue
quality. Contraindications of using this articles tech-
nique for ACL repair are patients with midsubstance
tears, tears with poor tissue quality, and a re-rupture of
an already repaired ligament.

Patients should be counseled that even if a proximal-
based tear is suspected on the basis of imaging, the
ultimate decision between ACL repair and ACL recon-
struction is decided intraoperatively on the basis of tear
type and tissue quality identified during the diagnostic
arthroscopy, thus possible graft options for reconstruc-
tion are discussed before proceeding with surgery.

Surgical Technique

Surgical Positioning

After induction of anesthesia, the patient is transi-
tioned to a standard operating table and placed in the
supine position. A clinical examination of the patient
under anesthesia is performed of the affected knee. A
thigh tourniquet is placed on the affected extremity and
the thigh is then secured with an arthroscopic leg
holder. The foot of the bed is then dropped to allow free
mobility of the leg. Wide surgical preparation is per-
formed, and the patient is draped in standard fashion to
allow possible ACL graft harvest if needed.

Diagnostic Arthroscopy

Standard anterolateral and anteromedial (AM) por-
tals are made, and the arthroscopic camera is intro-
duced into the knee joint to perform the diagnostic
scope. All 3 compartments should be visualized to
ensure all pathology is being addressed. The ACL tear
location and quality of the remaining tissue is scruti-
nized and if the ACL tear is determined to be in the
proximal 20% to 25% and the tissue is of good quality,
primary ACL repair can be considered (Fig 1). If the tear
does not meet these qualifications, then ACL recon-
struction is performed. Any other intra-articular
pathology is addressed at this time.

ACL Preparation and Lateral Femoral Wall
Preparation

Use a self- retrieving suture-passing device (FastPass
Scorpion Suture Passer; Arthrex, Naples, FL) to place
multiple (between 2 and 3) luggage tag stiches con-
sisting of 1.3-mm width FiberLink suture tape from
Arthrex in the midsubstance of the junction of the ACL
remnant AM and posterolateral bundles traveling from
distal to proximal (Fig 1). For each FiberLink suture
tape, outside the joint, the FiberLink is prepared for
passage by placing the small ring portion of the suture
over the end of the suture passer (to ensure luggage-tag
construct) and loading the single end of the suture into
the bottom jaw of the suture passer, leaving approxi-
mately 3 cm of suture as a “tail.” The FiberLink is passed
through the ACL remnant through the AM portal. Once
the suture passer is removed from the joint, the suture
is release and tension is pulled on the tail of the suture
to synch down the luggage tag. Place enough suture so
that good ligament remnant control is achieved

B

Fig 1. Arthroscopic view of a left knee from an anterolateral
portal identifying an ACL proximal avulsion tear off of the
lateral femoral condyle (blue arrow). The distal ACL remnant
is observed with 2 sutures already placed through its mid-
substance, at the junction of the ACL remnant anteromedial
and posterolateral bundles (red arrow). (ACL, anterior cruci-
ate ligament.)
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Table 1. Pearls and Pitfalls to Consider While Performing Technique

Pearls

Pitfalls

1. Quality of the ACL tissue and ACL tear type should be accurately
evaluated.

2. The sutures should be passed through the midsubstance fibers of
the ACL remnant for adequate purchase.

3. Space the sutures out appropriately for good ACL remnant control
(up to 3 sutures).

4. Make sure adequate tension is kept on the sutures when docking
the sutures into the femur so that the ACL remnant is pulled
against the prepared bone bed.

1. Failure to recognize poor tissue may result in failure of repair.

2. Poor purchase of the sutures in the ACL remnant can occur if they
are not passed through the midsubstance and aren’t spaced well.

3. Poor tension assessment when docking the ACL remnant in the
femur could result in failure of the ACL to heal into the femur.

ACL, anterior cruciate ligament.

(Table 1). The sutures are pulled through the AM portal
for docking. While viewing through the anterolateral
portal, the ACL origin on the medial aspect of the lateral
femoral condyle is freshened up using a combination of
ablator and shaver used in bone cutting mode to gently
decorticate down to bleeding bone (Fig 2). The hope is
to induce a healing response by creating a bed full of
healing factors that should encourage the repaired
proximal ACL stump to heal.

Femoral Side Repair

The accessory anteromedial portal (AAM) is then
made to obtain the ideal angle to drill into the middle of
the origin of the femoral ACL attachment on the lateral
femoral condyle. The drill guide for the 3.9-mm PEEK
SwiveLock (Arthrex) anchor is placed and subsequently
drilled to appropriate depth (Fig 3). The ideal location
for placing this anchor is 2 to 3 mm anterior to the
posterior margin of the medial aspect of the lateral
femoral condyle. The 3 luggage tag sutures are pulled
through the AAM portal using a suture grasper then
loaded into a 3.9-mm PEEK SwiveLock anchor. The

Fig 2. Arthroscopic view of a right knee through the ante-
rolateral portal with the arthroscopic shaver (blue arrow)
being used through the anteromedial portal. This is demon-
strating gently decorticating the lateral femoral condyle ACL
origin (star) down to bleeding bone in hopes of inducing
healing of the ACL repair. (ACL, anterior cruciate ligament.)

anchor with the loaded suture is then placed through
the AAM portal and inserted into the drill tunnel on the
femur and docked (Fig 4). This will bring the proximal
ACL tissue back to its femoral attachment against the
previously prepared bleeding bone bed.

All-Inside Internal Brace

An 18-guage spinal needle is then used to triangulate
the ideal trajectory of the accessory anterior superior
medial (AASM) portal (Fig 5). This portal is just inferior
and medial to the patella and often is just superior to
the AAM portal (Fig 6). The AASM portal is used to drill
and dock the suture into the tibia to establish the
all-inside internal brace construct. The ideal docking
location on the tibia is in the central anterior aspect of
the ACL footprint on the tibia. Take care not to damage
the meniscus. After establishment of the AASM portal,
the 3.9-mm peak SwiveLock drill guide is placed and
drilled in the correct position on the tibia (Fig 7). The

Fig 3. Arthroscopic view of a right knee through the ante-
rolateral portal demonstrating the utilization of the accessory
anteromedial portal. The drill guide for the 3.9-mm PEEK
SwiveLock (Arthrex) anchor is placed and subsequently
drilled to appropriate depth centered on the femoral origin on
the lateral femoral condyle (blue arrow). The ideal location
for placing this anchor is 2 to 3 mm anterior (blue arrow) to
the posterior margin of the medial aspect of the lateral
femoral condyle (red arrow).
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Fig 4. Arthroscopic view of a right knee through the ante-
rolateral portal demonstrating the docking of the suture into
the ACL origin on the lateral femoral condyle. The ACL
remnant is pulled back to its femoral origin (blue arrow). The
SwiveLock anchor is shown by the red arrow. Take care to
ensure good tension is kept on the suture when docking.
(ACL, anterior cruciate ligament.)

suture tails from the proximal docking location are
pulled through the AASM portal using a suture grasper
and then loaded into a second SwiveLock anchor and
are docked home on the tibia with the knee in >90°
flexion through the AASM portal (Fig 8). During
insertion of the anchor, make sure to maintain ideal

Fig 5. Arthroscopic view of a right knee through an antero-
lateral portal, this view demonstrates how to use an 18-gauge
spinal needle (blue arrow) to establish the correct location of
the accessory anterior superior medial portal. ACL (green
arrow), suture tails pulled through the accessory anteromedial
portal (red arrow), medial femoral condyle (blue star).

Fig 6. This demonstrates the general position of the portals
used in our technique on a right knee. The anterolateral (AL),
anteromedial (AM), accessory anteromedial (AAM), and
accessory anterior superior medial (AASM) portals.

tension on the suture tails to ensure a good ACL in-
ternal brace augmentation. The suture tails are then cut
with an arthroscopic suture cutter. The ACL repair
construct is then probed to assess tension and the knee
is taken through the entire range of motion (Fig 9).
Lachman and anterior draw examinations are per-
formed while viewing arthroscopically to ensure no

Fig 7. Arthroscopic view of a right knee through the ante-
rolateral portal demonstrating the drilling of the tibial foot-
print of the ACL (blue arrow). The suture tails from the
proximal docking site (red arrow). Medial femoral condyle
(blue star).
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Fig 8. Arthroscopic view of a right knee from an anterolateral
portal demonstrating docking of the suture tails into the tibia
at >90° flexion to complete the internal brace construct (blue
arrow). The ideal docking location on the tibia is in the central
anterior aspect of the ACL footprint on the tibia. Take care not
to damage the meniscus. ACL (red arrow).

gapping or fraying of the repair occurs, and that the
repair offers a stable knee. If examination determines
the knee to be stable, then the final repair construct is
complete (Fig 10); however, any concern for tissue
viability or construct stability at any point during the
procedure (Video 1) are grounds to convert to ACL
reconstruction.

Postoperative Care/Rehabilitation

In the immediate postoperative period (1-14 days),
the goal is to protect the ACL repair while initiating
early range of motion (ROM), concentrating on getting

Fig 9. Arthroscopic view of a right knee from anterolateral
portal showing arthroscopic assessment of the completed ACL
repair construct (blue arrow) with the knee being taken
through full range of motion.

Fig 10. Arthroscopic view of a right knee through the ante-
rolateral portal demonstrating the final physeal sparing
anatomic ACL repair (blue arrow) with all-inside internal
brace augmentation construct (red arrow).

full knee extension.'” The patient is to be weight-
bearing as tolerated in a postoperative hinged knee
brace locked out in extension when ambulating and
sleeping until good quadricep control is achieved.
Crutches are often needed in this phase. At week 3,
early gentle postoperative strengthening/proprioceptive
training is started. At this stage, if the patient is able to
demonstrate good quadriceps control (able to complete
20 straight leg raises without extension lag), then the
patient can wean out of the postoperative brace and full
weight-bearing with no crutches is allowed. Knee
flexion to within 30° of the unaffected side is the ROM
goal. Closed-chain exercises predominate. By week 5,
the patient should have full ROM and has begun to
increase strength and proprioceptive control, demon-
strated by the ability to single-leg squat equal to 80% of
contralateral limb. By week 8, running program can be
started if patient can pass straight leg hop test. At 12 to
16 weeks, plyometric exercises begin and are advanced
to include sport-specific movements. Return-to-sport
consideration begins around the 6-month mark once
the patient demonstrates full ROM, full strength
compared with the uninvolved limb, can run and jump
without any pain or limp, has completed a sport-
specific ~ functional progression program, and
ACL-return to sport injury scale score is 100%.

Discussion
This article describes a technique for the repair of
proximal-based ACL tears. This procedure can be
performed in patients of all age groups and activity
levels. At our institution, it has been used in patients as
young as 10 years old, given its an all-epiphyseal
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physeal-sparing technique; however, it was first used
on the 35- to 55-year-old population, as they are less at
risk for retear.'”'* The surgical preservation of the
native ACL has traditionally been overshadowed by
concerns about its limited healing potential secondary
to poor vascularity in the native ACL remnant, driving
surgeons toward reconstruction.'” Recent studies reveal
there is indeed healing capacity in the proximal ACL
specifically.'® The proximal ACL can heal well to the
notch supported by good vascularity there, in contrast
to midsubstance tears, which face reduced healing
likelihood as the result of inferior vascularity.'® Patient
selection is therefore crucial for optimal outcomes; only
patients with proximal 25% tears of the ligament with
good-to-excellent tissue quality are good candidates.”'®
In addition, ACL repair is preferentially performed
within 4 to 6 weeks of injury occurrence because of the
possibility of degeneration and shrinkage of the ACL
stump;’ however, assessment of tissue quality can be
performed during arthroscopic evaluation to determine
potential for repair.

ACL repair offers multiple advantages (Table 2).
Sparing of the ACL nerve endings/proprioceptive abil-
ities with repair might help restore native knee kine-
matics after full recovery.” Another advantage is the
less-invasive nature of ACL repair. No drill tunnels or
graft harvesting is needed, so there is no donor-site
morbidity, a known complication of ACL reconstruc-
tion that can often lead to persistent symptoms. In
addition, the less-invasive nature of ACL repair surgery
and preservation of native ACL tissue may decrease the
risk of osteoarthritis.'"” This contrasts ACLR surgery,
which does not reliably restore native kinematics,
potentially increasing osteoarthritis risk, especially in
the young.'” This is especially problematic, as most
patients undergoing reconstructive surgery are young,
and studies have shown an incidence of osteoarthritis
up to 78% at 14-year follow-up.” Furthermore, patients
aged 18 to 25 years have a failure rate with ACL
reconstruction of 15%.'%'? In these high-risk young
patients, ACL reconstruction failure can complicate
revision surgery as the result of multiple factors, leading
to potentially poorer outcomes. ACL repair failure poses

fewer obstacles, facilitating smooth transition to pri-
mary reconstruction if needed.

Multiple different ACL repair surgical techniques are
published.”” Initial surgical techniques focused on
repair of the ACL without suture augmentation, but
recent studies have advocated augmenting the repaired
ligament using suture tape.”’ ?° Augmentation gives
the repair construct a suture bridge that acts as a
protective  primary stabilizer that’s  especially
important throughout early healing, resisting reinjury,
and allowing for better early motion/mobilization.”’
Both animal and human biomechanical studies
demonstrate that adding an internal brace to a repaired
ACL is stronger.'””' Indeed, augmenting the ACL
repair has been shown to have a greater mean load to
failure, and some suggest that ACL repair with suture
augmentation might completely restore the native ACL
function.””** Regarding the technique used in this
article, DeFelice and van der List'®'® first described
using suture anchor for fixation of the repair and
showed that it was a safe and effective treatment option
for proximally based tears with good remnant tissue. A
more recent technique published by Strassman et al.?’
mentions concern with using suture anchors for fixa-
tion of the repair, as they might interfere with ACL
remnant healing by occupying space on the femoral
wall. They now advocate for using a TightRope
(Arthrex) with FiberRing sutures (Arthrex) and an in-
ternal brace for augmentation, citing the benefit to this
technique is a knotless adjustable-loop device that is
retensionable after ranging the knee.?’

Clinically, multiple studies show low overall failure
rates and good-to-excellent functional outcome
scores.'”?” Recently, a study by Douoguih et al.”’
reviewed the efficacy of ACL repair compared with
conventional ACLR. In this study, they compared 30
patients who had suture-augmented ACL repair for
proximal avulsion ACL tears or high-grade partial tears
with 30 patients who underwent conventional ACLR.
With a 2-year follow up, they reported no significant
difference in the retear rate or the percentage of pa-
tients who met or exceeded the minimal clinically
important different in outcomes measures between the

Table 2. Advantages and Disadvantages/Limitations of Technique

Advantages

Disadvantages/Limitations

—

. Minimally Invasive (no drill tunnels)

. Able to be performed on skeletally immature or mature patients
(physeal sparing)

. Preserves proprioception by sparing native ACL

. Short procedure (20-30 min)

.No graft harvesting (avoidance of autograft donor-site morbidity)

. Still allows for “primary” ACL reconstruction if repair fails

. Allows for earlier range of motion

N

N O v oW

1. Only select patients are indicated

2.Long-term outcomes >5 years are still relatively unknown

3. Concern regarding the femur suture anchor inhibiting some ACL
remnant healing back to the bony origin

ACL, anterior cruciate ligament.
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2 groups. Also, the ACL repair group reported signifi-
cantly greater early patient-reported outcomes.”” Wil-
son et al.,'” in a recent systematic review of a total of
347 patients having undergone ACL repair with inter-
nal bracing, revealed a failure rate of 10.4% with
2.7 years of follow-up. Van der List et al.,® in a recent
systematic review, reported failure rates after static
augmentation as compared with nonaugmented repair
and dynamic augmented repair as 7% versus 10% vs
11%, respectively. When reviewing the outcomes be-
tween younger and older patients treated with
augmented ACL repair, younger patients (younger than
18 years) do have a greater rate of failure (17.4% vs
6.3%, respectively).® Even with gold standard ACL
reconstruction, failure rates in young patients are also
high (upwards to 15%).”® Nonetheless, there is still
much controversy regarding ACL repair in young ath-
letes and more studies do need to be performed.

The main advantages of this technique are that it’s
minimally invasive and completely physeal sparing and
thus is able to be performed in all age groups. The main
limitations (Table 2) in this technique include limita-
tions in ACL tear patters that allow repair using this
technique, and the relatively unknown long term
outcome results of patients undergoing this technique.
In the correct patient, our surgical technique offers an
efficient, minimally invasive, and physeal-sparing
anatomic ACL repair with all-inside internal brace
augmentation that, in the short term, has offered good
results for our patients.
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