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Primary repair of the anterior cruciate ligament tear: back to
future?
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Early series of the anterior cruciate ligament (ACL) repair using arthrotomy led to promising short-term results. However,
mid- to long-term follow-up demonstrated disappointing results. In consequence, primary ACL repair was mostly abandoned and ACL reconstruction became a current standard of treatment. However, this treatment does not perfectly restore kinematics of the knee joint and has not been shown to prevent the development of degenerative cartilage changes
of the knee joint. Recently, primary repair of the ACL has received renewed interest recently. This article reviewed current
indications, surgical technique, and clinical outcomes after primary ACL repair.
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INTRODUCTION
Early series of the anterior cruciate ligament (ACL) repair
using arthrotomy led to promising short-term results.
However, mid- to long-term follow-up demonstrated
disappointing results [1,2]. In consequence, primary ACL
repair was mostly abandoned and ACL reconstruction
became a current standard of treatment. Reconstruction
procedures using autograft or allograft tissues have been
used successfully over many decades in treating symptomatic anterior knee instability. However, this treatment
does not perfectly restore kinematics of the knee joint
and has not been shown to prevent the development of
degenerative cartilage changes of the knee joint [3,4].
Moreover, ACL reconstructions are associated with loss of
proprioceptive properties, postoperative tunnel widening, and donor site morbidity associated with autologous
graft harvest [5]. Significant postoperative tunnel widening makes revision surgery difficult. However, there are
minimal damages to bone and soft tissue during the ACL
repair. Considering long-term outcomes after ACL recon-
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struction and complications associated with reconstruction, primary repair of the ACL has received renewed
interest recently. This article reviewed current indications,
surgical technique, and clinical outcomes after primary
ACL repair.

POTENTIAL INDICATIONS
Primary repair is not feasible to every ACL tear. The location of the ACL tear may be most important determinant
to indication to the primary repair. Nguyen et al. [6] reported that the histologic features of the intrinsic healing
response of the proximal third of the ACL and the medial
collateral ligament were similar and a similar healing
response can be expected. Sherman et al. classified the
ACL tear into 4 types according to the location of the tear
(Fig. 1). Type I, an avulsion of the entire ligament off the
femoral insertion, without a major bone fragment, leaving no remnant of proximal tissue; Type II, a tear with a
proximal femoral stump of 20% and a distal tibial stump
of 80%; Type III, a proximal stump of 33% and a distal
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Fig. 1. An illustration showing the level of the tear according to the type.

tibial stump of 67%; and Type IV, a true mid-substance
tear with 50% of the ligament remaining on both ends [7].
Zantop et al. [8] described that approximately 12% of ACL
tears are proximal avulsions with an intact stump. Steadman et al. [9] suggested that proximal lesion of the ACL
have a higher healing potential than mid-substance ligament lesion. Genelin et al. [10] reported mid-term outcomes of open primary repair of proximal ACL tears and
found no deterioration of outcomes at mid-term followup in this selective group. van der List and DiFelice [11]
analyzed a role of tear location on open primary repair
outcomes in a systemic review. They demonstrated that
excellent outcomes were noted following repair of proximal tears. Positive correlation was found between the
percentage proximal tears in the studies and percentage
satisfied patients.
The quality of torn ACL is another determinant to feasibility for primary repair. Sherman et al. [7] classified
the quality of the ligament tissue to 3 types as being fair,
good, or excellent, based on the predominant stump tissue remaining. Fair tissue was defined as a thin ligament
with some shredding and interstitial tearing, through
which suture placement was possible but met with some
difficulty (Fig. 2). Good tissue was defined as a mild degree of interstitial tearing that held sutures without difficulty (Fig. 3). Excellent tissue described as a full broad
stump without interstitial tearing, often with the synovial
sleeve attached to remaining ligament (Fig. 4). They
found that proximal tear with good tissue quality were
more common among skiers and that these tears trended
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Fig. 2. Torn anterior cruciate ligament that showed some shredding and
interstitial tearing in the left knee was regarded as fair.

Fig. 3. Torn anterior cruciate ligament that showed mild degree of interstitial tearing in the right knee was regarded as good.

toward improved outcomes although 22% of patients
showed fair to poor result at mean 5 years after primary
repair of 50 acutely torn ACL [7].
Preoperative magnetic resonance imaging (MRI) evaluation is important whether the location of the ACL tear is
indicated to the ACL repair or not. van der List and DiFelice [12] graded the ACL tear locations with the modified
Sherman classification: Type I (> 90% distal remnant
length), Type II (75%–90%), or Type III (25%–75%). 22% of
patients showed Type I tear, 55% showed Type II tear, and
22% showed Type III tear (Fig. 5). Repair was possible for
the all patients with Type I tear and good tissue quality,
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Fig. 4. Torn anterior cruciate ligament that had a full broad stump with
the synovial sleeve in the right knee was regarded as excellent.

Fig. 5. Magnetic resonance imaging showed a typical Type I anterior
cruciate ligament tear.

and 87.5% patients with Type II tear and good tissue quality. They suggested that tear location and tissue quality on
preoperative MRI can predict eligibility for arthroscopic
primary ACL repair [12].

anteromedial origin while tensioning the ACL remnant
to the wall to prevent gap formation. This procedure is
repeated for the posterolateral bundle with the FiberWire sutures. The FiberTape suture augmentation is fixed
through the anteromedial suture anchor proximally and
needs to be fixed distally. An ACL guide is used to drill a
2.4-mm guide pin from the anteromedial cortex of the
proximal tibia and into the center of the ACL tibial insertion. The FiberTape is passed through the ACL substance
using a flexible looped wire down through the tibia where
it is fixed with a suture anchor perpendicular to the tibial
cortex [13].
Another alternative to the ACL repair is augmentation
using DIS system. This procedure is usually indicated to
acutely torn ACL less than 3 weeks. The device is commercially available under the name of Ligamys (Mathys
AG, Bettlach, Switzerland). The Ligamys implant consists
of a thin polyethylene thread, a metal plate and a metal
sleeve with a spring element. 2 to 5 absorbable monofilament sutures are passed through the ACL using a commercially available suture passer. A 4-cm incision was
made at 2 to 3 cm medial to the tibial tuberosity. The tip
of the ACL guide is placed just behind the center of the
tibial attachment of the ACL. The angle of the ACL guide
is set at 60° and a distance between the tip of the ACL
guide and starting point at the proximal tibia is set at 50
mm. A guide pin is drilled into the knee joint and overdrilling is made until the collar of the cannulated drill
touches the anteromedial cortex of the proximal tibia.

SURGICAL TECHNIQUE
Repair of the acutely torn ACL can be performed using
conventional arthroscopic method or augmentation using dynamic intraligamentary stabilization (DIS).
In conventional arthroscopic technique, No. 2 FiberWire sutures (Arthrex, Naples, FL, USA) are passed
through the ACL using a commercially available suture
passer from the intact distal end in an alternating, interlocking Bunnell-type pattern toward the avulsed
proximal end. Three to four passes can usually be made
before the final pass exits the proximal end toward the
femur. Again, the suturing of the posterolateral bundle is
performed using a No. 2 FiberWire suture. Using an awl
or arthroscopic burr, the femoral footprint is roughened
to enhance healing of the repaired ligament. A 4.5 mm
× 20 mm hole is drilled to the origin of the anteromedial bundle within the femoral footprint. The FiberWire
sutures are then retrieved through the accessory portal
and passed through the eyelet of a 4.75-mm Vented BioComposite SwiveLock suture anchor (Arthrex) that is
preloaded with FiberTape that is a suture augmentation.
With the knee flexed at 90° for optimal visualization, the
first suture anchor is inserted into the femur toward the
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The Ligamys monoblock is inserted along the guide pin
until the Ligamys monoblock touches the cortical bone.
The guide pin is removed and a No. 1 non-absorbable
suture is passed through the monoblock into the joint.
Looped suture is retrieved through the anteromedial
portal. The footprint of the ACL femoral attachment is exposed and several holes are made with the microfracture
awl to enhance the healing of the repaired ACL. A femoral
guide of the ACL is placed to the center of the femoral
footprint. Another guide pin is drilled through the femoral guide and penetrates the skin of the distal thigh. A
small tap is made and the guide pin is advanced. The eye
of the guide pin is placed at anteromedial portal. Looped
portion of the non-absorbable suture and all limbs of
the absorbable sutures are passed through the eye of the
guide pin. The femoral guide pin is retrieved through the
skin of the distal thigh. Absorbable sutures are tensioned
and a part of the Ligamys braid is passed into the loop of
the non-absorbable suture. Leading braid of the Ligamys
is pulled through the Ligamys monoblock and a button
of the Ligamys braid touches the lateral cortex of the distal femur. A tensioner is placed on the monoblock and
approximately 60 to 80 N is maintained. A clamping cone
is introduced through the tensioner and screwed on the
Ligamys monoblock. The Ligamys braid is cut and the
wounds are closed.
Postoperatively, a brace is fitted for a month and tolerated weight bearing is allowed. Range of motion exercise
is started after a week. After 4 to 6 weeks postoperatively,
strengthening exercise is allowed and regular ACL reconstruction rehabilitation protocol is recommended.

CLINICAL OUTCOMES
Several long-term follow-up reports using conventional
open ACL repair were published in the literature. Taylor
et al. [1] reported on 34 of the 64 patients who underwent
primary repair for isolated ACL tear at an average of 32
years’ follow-up. 18 of 34 patients rated their knees as
normal or nearly normal as rated by International Knee
Documentation Committee (IKDC) subjective score. The
Lysholm scores averaged 70.1. The overall Knee injury
and Osteoarthritis Outcome Score (KOOS) rating averaged 68.6. The Tegner activity score was 3.7 [1]. Drogset
et al. [14] compared acute primary repair, acute repair
augmented with a synthetic ligament-augmentation
device, and acute repair augmented with autologous
bone-patellar tendon-bone (BPTB) graft in 150 patients
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who were randomized to the three different procedures
between 1986 and 1988. There were fifty patients in each
group. The rate of revision was 10 times higher in the
group that had primary repair than in the group that had
repair with BPTB graft. In the remaining patients, those
who had repair with a BPTB graft had significantly more
stable knees than those who had repair with a ligament
augmentation device, as measured by the Lachman test.
The mean Lysholm score at sixteen years was 88 points
for the knees that had primary repair, 85 points for those
that had repair with the ligament augmentation device,
and 90 points for those managed with a BPTB graft [14].
Strand et al. [2] reported on 81 patients treated with open
primary repair of the ACL at 15 to 23 years’ follow-up.
Only 33% rated their knees as normal or nearly normal
by the IKDC rating, whereas 64% of knees were rated as
good to excellent based on the Lysholm score. According
to the subjective instability assessment, 56% of patients
had no instability, 23% had instability during sports, and
21% had instability during activities of daily living. KT1000 side-to-side difference measurement was less than
3 mm for 41% of the patients [2].
Compared to many studies using conventional ACL
repair technique, papers using arthroscopic ACL repair
are rarely reported and recently published. Bigoni et al.
[15] retrospectively reviewed five consecutive patients
aged 9.2 years who underwent ACL repair using a suture
anchor. At mean follow-up of 43.4 months, four patients
had negative Lachman test and the remainder had a
grade 1 Lachman test. The mean side-to-side difference
was 3mm. All patients returned to previous level of activity and presented normal and nearly normal IKDC score.
The mean Lysholm score was 93.6 [15]. Jonkergouw et
al. [16] reported 56 consecutive patients that underwent
arthroscopic ACL repair and were examined at mean
follow-up 3.2 years. Twenty-seven patients (48.2%) received additional internal bracing with ACL repair. Six
repairs (10.7%) failed. Objective IKDC scores were normal or near normal in 88% of the patients. Mean Lysholm
score was 94 ± 7.6, modified Cincinnati 94 ± 8.9, Tegner
activity scale 6.2 ± 1.5, and subjective IKDC 90 ± 10.9
[16]. Achtnich et al. [17] compared clinical results of primary ACL suture anchor repair and microfracture with
ACL reconstruction in patients with acute proximal ACL
avulsion tears. At a mean follow-up of 28 months and 20
patients in each group were available. A mean KT-1000
arthrometer result was less than 3 mm in all patients. The
IKDC score results did not differ significantly, but there
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was a significant correlation between poor results and
failure rate in the repair group. The failure rate was 15% in
the ACL repair group and 0% in the reconstruction group.
MRI confirmed homogeneous signal in 100% of patients
in the reconstruction group and 86% in the ACL repair
group [17].
Primary repair of the ACL using a DIS has been reported
mostly from Europe after 2013. Koster et al. [18] reported
1 year follow-up for 26 patients who underwent DIS.
They reported satisfactory Lysholm, Tegner and IKDC
scores. Mean anterior translation difference was 1.7 mm
[18]. Kohl et al. [19] followed 50 patients who underwent
DIS device more than 2 years. They reported anteroposterior translation differed from the normal knee by
a mean of 0.96 mm. Median IKDC, Tegner, Lysholm and
visual analogue scale scores were 98, 6, 100, and 10, respectively. Pre-injury Tegner activity levels were reached
1 year postoperatively. Nine patients (18%) required a
secondary procedure; 5 developed instability and 4 patients underwent ACL reconstruction, and 5 required
arthroscopic removal of scar tissue which caused a fixed
flexion deformity. Thirty patients (60%) required removal
of the tibial screw [19]. Same authors investigated negative factors likely to influence success of this procedure
from 264 patients. They found competitive sport activities with a Tegner pre-injury score > 7 (odds ratio 4.4)

and mid-substance ACL tear location (odds ratio 2.5) as
negative predictors of failure. When neither of those risk
factors found, the failure rate was 3.9% [20]. A recent systemic review demonstrated that the mean anteroposterior translation ranged from 1.4 to 2.1 mm. ACL revision
rate at 2-year follow-up ranged from 7.9% to 11% and one
case series of the first 10 patients undergoing this procedure demonstrated a failure rate of 20% at 5 years [21].

CONCLUSION
From the literature, some patients whose ACL was torn
at proximal location in acute period can be appropriate
indication to the primary ACL repair, especially using arthroscopic technique. However, we do not have enough
evidence in favor of primary repair rather than reconstruction for the ACL tear at this moment in time. Reider
[22] said that given the variability in reported outcomes,
widespread adoption of primary repair in lieu of reconstruction seems inadvisable.
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