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Tips of the Trade

Knotless Arthroscopic Reduction and Internal  
Fixation of a Displaced Anterior Cruciate Ligament 
Tibial Eminence Avulsion Fracture
Jordan A. Bley, BA, Ryan J. Pomajzl, MD, and Patrick A. Smith, MD

Generally occurring in the 8- to 14-year-old 
population, tibial eminence avulsion (TEA) 
fractures are a common variant of anterior 

cruciate ligament (ACL) ruptures and represent 
2% to 5% of all knee injuries in skeletally imma-
ture individuals.1,2 Compared with adults, chil-
dren likely experience this anomaly more often 
because of the weakness of their incompletely 
ossified tibial plateau relative to the strength of 
their native ACL.3

The open repair techniques that have been 
described have multiple disadvantages, includ-
ing open incisions, difficult visualization of the 
fracture owing to the location of the fat pad, and 
increased risk for arthrofibrosis. Arthroscopic 
fixation is considered the treatment of choice for 
TEA fractures because it allows for direct visu-
alization of injury, accurate reduction of fracture 
fragments, removal of loose fragments, and easy 
treatment of associated soft-tissue injuries.4-6

Several fixation techniques for ACL-TEA 
fractures were recently described: arthroscop-
ic reduction and internal fixation (ARIF) with 
Kirschner wires,7 cannulated screws,4 the 
Meniscus Arrow device (Bionx Implants),8 pull-
out sutures,9,10 bioabsorbable nails,11 Herbert 
screws,12 TightRope fixation (Arthrex),13 and var-
ious other rotator cuff and meniscal repair sys-
tems.14,15 These approaches tend to have good 
outcomes for TEA fractures, but there are risks 
associated with ACL tensioning and potential 
tibial growth plate violation or hardware prob-
lems. Likewise, there are no studies with large 
numbers of patients treated with these new 
techniques, so the optimal method of reduction 
and fixation is still unknown.

In this article, we describe a new ARIF 
technique that involves 2 absorbable anchors 

with adjustable suture-tensioning technology. 
This technique optimizes reduction and helps 
surgeons avoid proximal tibial physeal damage, 
procedure-related morbidity, and additional 
surgery.

Case Report
History

The patient, an 8-year-old boy, sustained a 
noncontact twisting injury of the left knee during 
a cutting maneuver in a flag football game. He 
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Take-Home Points
 ◾ Technique provides optimal fixation while simultaneously  
protecting open growth plates.

 ◾ Self tensioning feature insures both optimal ACL tension and  
fracture reduction.

 ◾ No need for future hardware removal.

 ◾ Cross suture configuration optimizes strength of fixation for 
highly consistent results.

 ◾ Use fluoroscopy to avoid violation of tibial physis.
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experienced immediate pain and subsequent 
swelling. Clinical examination revealed a moder-
ate effusion with motion limitations secondary 
to swelling and irritability. The patient’s Lachman 
test result was 2+. Pivot shift testing was not 
possible because of guarding. The knee was 
stable to varus and valgus stress at 0° and 30° of 
flexion. Limited knee flexion prohibited place-
ment of the patient in the position needed for 
anterior and posterior drawer testing. His patella 
was stable on lateral stress testing at 20° of flex-
ion with no apprehension. Neurovascular status 
was intact throughout the lower extremity.

Anteroposterior and lateral radiographs showed 
a minimally displaced Meyers-McKeever type II 
TEA fracture (Figures 1A, 1B). Distal femoral 
and proximal tibial growth plates were wide 
open. Magnetic resonance imaging confirmed 
the displaced type II TEA fracture and showed 
good signal quality in the attached ACL (Figures 
2A, 2B). The remaining ligamentous structures 
appeared without injury or signal change. No 
tear signal was seen in the imaging sequences 
of the medial and lateral meniscus.

After discussing potential treatment options 
with the parents, Dr. Smith proceeded with 
arthroscopic surgery for definitive reduction 
and internal fixation of the patient’s left knee 
displaced ACL-TEA fracture. The new adjustable 
suture-tensioning fixation technique was used. 
The patient’s guardian provided written in-
formed consent for print and electronic publica-
tion of this case report.

Examination Under Anesthesia

Examination with the patient under general 
anesthesia revealed 3+ Lachman, 2+ pivot shift 
with foot in internal and external rotation, and 1+ 
anterior drawer with foot in neutral and inter-
nal rotation. The knee was stable to varus and 
valgus stress testing.

Surgical Technique

Proper patient positioning and padding of 
bony prominences were ensured, and the limb 
was sterilely prepared and draped. A standard 
lateral parapatellar portal was established for 
arthroscope placement; a medial parapatellar 
working portal was established as well. Thor-
ough joint inspection revealed normal articular 
surfaces of patella, femur, and tibial plateau. 
Similarly, both menisci were intact without 
evidence of injury. With use of the probe, the 

Figure 1. (A) Anteroposterior and (B) lateral radiographs of the left knee show  
Meyers-McKeever type II displaced tibial eminence avulsion fracture. Open physes and 
elevated fracture are easily visualized.
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Figure 2. Magnetic resonance imaging of the left knee shows (A) intact fibers of the 
anterior cruciate ligament and (B) tibial eminence avulsion fracture elevated off the 
tibial plateau.
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Figure 3. The probe is used to elevate the fracture 2 cm toward the top of the notch.
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ACL-TEA fracture could be elevated up to 2 cm 
toward the top of the notch (Figure 3). Further 
inspection of the ACL fibers revealed minimal 
hemorrhaging and no frank tearing (Figure 4).

Given the young age of the patient, it was 
imperative to avoid the open proximal tibial 
growth plate. The surgical plan for stabilization 
involved use of two 3.0-mm BioComposite 
Knotless SutureTak anchors (Arthrex). This an-
chor configuration is based on a No. 2 FiberWire 
suture shuttled through itself to create a locking 
splice mechanism that allows for adjustable ten-
sioning. The anchors were placed on each side 
of the tibial bony avulsion site with two No. 2 
FiberWire sutures and were then crossed about 
the avulsion fracture fragment in an “x-type” 
configuration to secure the ACL back down to 
the bony bed. 

First, a curette was used to débride fibrous tis-
sue on the underside of the fracture fragment and 
on the fracture bed. Minimal amounts of cancel-
lous bone were débrided from the tibial fracture 
bed to optimize fracture reduction by slightly 
recessing the fracture fragment to ensure optimal 
ACL tensioning (Figure 5). Next, an 18-gauge nee-
dle was used to establish an accessory superior 
medial percutaneous portal to ensure a satisfac-
tory drilling trajectory just medial to the fracture 
site. Under fluoroscopic guidance, a drill guide 
was placed, and a 2.4-mm bit was used to drill to 
a depth of 16 mm to accommodate the 12.7-mm 
anchor. Avoidance of the proximal tibial physis 
was confirmed with fluoroscopy (Figure 6). One 
of the SutureTak anchors was secured in this drill 
hole along the anteromedial avulsion fracture site. 
From the anteromedial portal, a curved needle tip 
suture passer was placed medially through the 
ACL fibers and bone, with the wire retrieved out 
of the superior medial accessory portal. Then, the 
drill guide was introduced through the lateral por-
tal and positioned just lateral to the tibial avulsion 
site, a hole was drilled 16 mm deep, and fluo-
roscopy was used to confirm the physis was not 
violated. The second SutureTak anchor was placed 
in this anterolateral location. From the anterolat-
eral portal, the curved needle tip suture passer 
was placed laterally through the ACL fibers and 
avulsion fragment, and the wire was passed and 
retrieved out the anteromedial portal and shuttled 
back to the anterolateral portal.

Next, from the accessory superior medial 
portal, the end of the wire that had been passed 
through the medial aspect of the bony avulsion 

Figure 4. The probe is used to reduce the avulsion to the bony bed. The anterior 
cruciate ligament appears intact, hemorrhaging is minimal, and there is no frank fiber 
disruption.

Figure 5. A curette is used to prepare the bony bed for the reduction of the tibial emi-
nence avulsion fracture to allow for slight overreduction.

Figure 6. Fluoroscopy is used to check the drill-bit depth 
to ensure that the tibial physis is not violated during anchor 
placement.
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was retrieved through the lateral portal. This 
wire was used to shuttle the repair suture from 
the laterally positioned SutureTak anchor over 
and through the medial aspect of the bony 
fragment out of the accessory superior medial 
(Figure 7). This suture was passed through 
the shuttling loop of the medially positioned 
SutureTak anchor to create the splice in the 
anchor for the adjustable fixation. This process 
was repeated through the lateral aspect of the 
bony fragment—the medial SutureTak repair 
suture was passed over the bone here. Thus, 
the lateral suture was over and through the 

bony fragment secured to the medial Suture-
Tak anchor, and the medial suture was crossed 
over and through bone to the lateral SutureTak 
anchor. With the knee held in full extension, the 
bony avulsion fracture was easily reduced by al-
ternating tension on the SutureTak limbs, which 
enabled controlled reduction of the TEA fracture 
(Figures 8A, 8B). An arthroscopic knot pusher 
was used for final tightening of the SutureTak 
fixation. An arthroscopic probe was used to 
confirm anatomical reduction of the fracture and 
restoration of ACL fiber tension (Figure 9). The 
knee was ranged from 0° to 120° of flexion with 
visual affirmation of the construct and mainte-
nance of the reduction. Fluoroscopy confirmed 
anatomical reduction of the TEA fracture. The 
patient was immobilized in a long leg brace 
locked in 30° of flexion.

Follow-Up

Two weeks after surgery, the patient returned 
to clinic for suture removal. Four weeks after 
surgery, radiographs confirmed anatomical 
reduction of the TEA fracture, and outpatient 
physical therapy (range-of-motion exercises as 
tolerated) and isometric quadriceps strengthen-
ing were instituted. Twelve weeks after surgery, 
examination revealed full knee motion, negative 
Lachman and pivot shift test results, and resid-
ual quadriceps muscle atrophy, and radiographs 
confirmed complete fracture healing with 
maintenance of a normal proximal tibial growth 
plate (Figures 10A, 10B). Sixteen weeks after 
surgery, ligamentous examination findings were 
normal, and quadriceps muscle mass was good. 

Figure 7. The suture retriever is used to grasp the medial wire (already passed through 
medial aspect of bony avulsion) and the No. 2 FiberWire repair suture (from the 
laterally placed 3.0-mm BioComposite Knotless SutureTak anchor; Arthrex). The wire 
and suture are removed through the anterolateral portal. The suture is passed by wire 
over and through the medial aspect of the bony avulsion and is secured there by the 
medially placed SutureTak anchor.

Figure 8. (A) Elevated fracture, seen with x-type configuration in place, is reduced by alternating tension between the medial and lateral sutures from 
the respective 3.0-mm BioComposite Knotless SutureTak anchors (Arthrex). (B) Reduction is complete.
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In addition, on KT-1000 testing, the surgically 
repaired knee had only 1 more millimeter of laxi-
ty at the 30-pound pull, and equal displacement 
on the manual maximum test. The patient was 
allowed to return to full activities as tolerated.

Discussion
The highlight of this case is the simplicity of 
an excellent reduction of a displaced ACL-TEA 
fracture. Minimally invasive absorbable implants 
did not violate the proximal tibial physis, and the 
unique adjustable suture-tensioning technol-
ogy allowed the degree of reduction and ACL 
tension to be “dialed in.” SutureTak implants 
have strong No. 2 FiberWire suture for excel-
lent stability with an overall small suture load, 
and their small size avoids the risk of violating 
the proximal tibial physis and avoids potential 
growth disturbances.

Despite the obvious risks it poses to the 
open proximal tibial physis, surgical reduction of 
Meyers-McKeever type II and type III fractures 
is the norm for restoring ACL stability. Screws 
and suture fixation are the most common and 
reliable methods of TEA fracture reduction.16,17 
In recent systematic reviews, however, Osti and 
colleagues17 and Gans and colleagues18 noted 
there is not enough evidence to warrant a “gold 
standard” in pediatric tibial avulsion cases.

Other fixation methods for TEA fractures 
must be investigated. Anderson and colleagues19 
described the biomechanics of 4 different 
physeal-sparing avulsion fracture reduction 
techniques: an ultra-high-molecular-weight 
polyethylene (UHMWPE) suture-suture button, 
a suture anchor, a polydioxanone suture-suture 
button, and screw fixation. Using techniques de-
scribed by Kocher and colleagues,4 Berg,20 Mah 
and colleagues,21 Vega and colleagues,22 and 
Lu and colleagues,23 Anderson and colleagues19 
reduced TEA fractures in skeletally immature 
porcine knees. Compared with suture anchors, 
UHMWPE suture-suture buttons provided bio-
mechanically superior cyclic and load-to-failure 
results as well as more consistent fixation.

Screw fixation has shown good results but 
has disadvantages. Incorrect positioning of a 
screw can lead to impingement and articular 
cartilage damage, and screw removal may be 
needed if discomfort at the fixation site per-
sists.24,25 Likewise, screws generally are an 
option only for large fracture fragments, as 
there is an inherent risk of fracturing small TEA 

fractures, which can be common in skeletally 
immature patients.

Brunner and colleagues26 recently found that 
TEA fracture repair with absorbable sutures 
and distal bone bridge fixation yielded 3-month 
radiographic and clinical healing rates similar to 
those obtained with nonabsorbable sutures tied 
around a screw. However, other authors have re-
ported growth disturbances with use of a similar 

Figure 9. The probe is used to check the anterior cruciate ligament tension. At the bot-
tom, the x-type configuration reduces the avulsion fracture to the débrided bony bed, 
providing optimal, low-profile, secure fixation.

Figure 10. Twelve weeks after surgery, (A) anteroposterior and (B) lateral radiographs 
of the left knee confirm the fracture is anatomically reduced and fully healed. There is 
no evidence of open tibial growth plate injury.
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technique, owing to a disturbance of the open 
proximal tibial growth plate.9 In that regard, a 
major advantage of this new knotless suturing 
technique is that distal fixation is not necessary.

The minimally invasive TEA fraction reduction 
technique described in this article has 6 advantag-
es: It provides excellent fixation while avoiding 
proximal tibial growth plate injury; the degree of 
tensioning is easily controlled during reduction; 
it uses strong suture instead of metal screws 
or pins; the reduction construct is low-profile; 
distal fixation is unnecessary; and implant re-
moval is unnecessary, thus limiting subsequent 
surgical intervention. With respect to long-term 
outcomes, however, it is not known how this 
procedure will compare with other commonly 
used ARIF methods in physeal-sparing tech-
niques for TEA fracture fixation.

This case report highlights a novel pediatric 
displaced ACL-TEA fracture reduction tech-
nique that allows for adjustable reduction and 
resultant ACL tensioning with excellent strong 
suture fixation without violating the proximal 
tibial physis, which could make it invaluable in 
the surgical treatment of this injury in skeletally 
immature patients.
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