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Introduction  
Historically, the surgical management of anterior cruciate ligament (ACL) ruptures has 
focused on reconstruction using allografts and autografts. The new bridge-enhanced ACL 
repair (BEAR) employs biological augmentation to repair the ACL using a bovine 
collagen-based implant, by supporting cell migration and proliferation. This case report 
presents an 18-month follow up of a high school athlete who underwent BEAR surgery 
following a high-grade partial ACL tear. 

Case Report and Surgical Technique      
A 15-year-old male high school athlete experienced a non-contact knee injury, and 
examination revealed joint effusion, joint line tenderness, along with positive Lachman’s 
and McMurray’s tests. The MRI showed a high-grade partial ACL tear with an intact tibial 
stump and open physes, satisfying the criteria for BEAR. Femoral tunnels were 
established, and the ACL stump was whipstitched. A BEAR scaffold, prepared with 20 cc 
of whole blood, was then secured between the femoral and tibial footprint, preserving the 
native ligament. 
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Outcome  
Rehabilitation adhered to a BEAR-specific protocol that included five distinct phases for 
recovery. At 6 months, the patient demonstrated full range of motion and symmetric 
quadriceps and hamstring strength. MRI at 7 months confirmed graft integrity and 
biologic healing. At 1 year, the patient had returned to competitive football and began 
preparing for basketball, reporting high satisfaction with the procedure. 

Conclusion  
This case demonstrates a successful BEAR use in a pediatric athlete, resulting in 
complete functional recovery, MRI-confirmed healing, and a return to competitive sport 
after one year. The BEAR may be a feasible alternative to ACLR in selected athletes and 
ideal candidates, though larger studies are needed to confirm long-term outcomes. 

INTRODUCTION 

Anterior cruciate ligament (ACL) injuries are some of the 
most common and devastating injuries among athletes. 
There are estimated to be 250,000 ACL injuries per year 
with most of these injuries being suffered by athletes who 
are in their late teens to early 20s (Sutton and Bullock 
2013). Additionally, ACL injuries are two to eight times 
more common in the female population than in the male 
population (Sutton and Bullock 2013; Kaeding, Léger-St-
Jean, and Magnussen 2017). A substantial proportion of 
these injuries require ACL reconstruction (ACLR) which re
quires additional recovery time and has inherent limita
tions (Grindem et al. 2016). The graft harvest morbidity 
rate after ACLR averages to nearly 47%, which includes dif
ficulty kneeling and anterior knee pain, while long-term 
studies have demonstrated elevated rates of reinjury and 
post-traumatic osteoarthritis decades after reconstruction 
(Selin et al. 2025; Grassi et al. 2022; Kunze et al. 2023). 
Given the complications that arise from traditional 

ACLR, the Bridge-Enhanced ACL Restoration (BEAR) tech
nique is emerging as an alternative surgical method for 
addressing ACL injuries. Unlike ACLR, which removes the 
torn ACL remnant tissue and replaces it with a graft, the 
BEAR technique preserves the ACL remnant tissue and con
nects them via a collagen and extracellular matrix scaffold 
(McMillan et al. 2022; Cleveland Clinic, n.d.). This BEAR 
implant is hydrated with the patient’s blood before implan
tation into the knee to encourage blood clot formation, 
which allows the ACL to heal without interruption from 
synovial fluid (McMillan et al. 2022; “BEAR Implant | 
Healthcare Professionals,” n.d.). While in the knee, the im
plant and native ACL tissue promotes cell proliferation and 
migration, allowing for ACL regeneration and revascular
ization (Grassi et al. 2022). The biologically driven repair 
process is mediated through a series of molecular and cellu
lar mechanisms initiated by the implant’s collagen matrix. 
Bovine type 1 collagen functions as a provisional extra
cellular scaffold that facilitates platelet degranulation and 
the localized release of growth factors, including PDGF and 
TGF-β, which promote fibroblast migration and tenocyte 
proliferation at the repair site (Murray, Spindler, Devin, et 
al. 2006). Over time, the scaffold is gradually resorbed and 
replaced by native ligament tissue, resulting in a biological 
structure that closely resembles the native ACL. 

Indications for BEAR candidacy depend heavily on the 
nature of the ACL tear and include these main criteria: the 
tear is midsubstance or proximal, and a substantial portion 
of the torn ACL is attached to the tibia (Shah et al. 2025). 
A recent change was made for the on-label indication for 
the BEAR procedure. The age indication has now been up
dated to include patients two years and older and is now 
an on label indication for partial tears of the ACL. Evidence 
suggests that individuals with open growth plates often do 
not experience growth disturbances after ACL surgery, en
abling pediatric patients to be considered for BEAR as well 
(Gicquel, Geffroy, Robert, et al. 2018). Given that the BEAR 
avoids graft comorbidities, preserves the native ACL struc
ture and produces similar functional outcomes to ACLR, 
this novel technique can be well-suited for young and active 
patients (Murray, Kalish, Fleming, et al. 2019; Shah et al. 
2025). This case report documents a long-term patient out
come after undergoing the BEAR. 

OVERVIEW AND INJURY MECHANISM 

A 15-year-old male weighing 150 pounds and standing 6 
ft 1 in tall, with no past medical history, presented to the 
clinic with buckling, catching and locking of the medial 
knee. He is a high school athlete who sustained a non-con
tact injury involving knee flexion combined with external 
rotation during a football game. He immediately reported 
a pop in the knee followed by stiffness and swelling. Clini
cal examination revealed joint effusion and medial and lat
eral joint line tenderness, on the inferior pole of the patella 
and tibial tubercle. Passive range of motion was limited, 
and both Lachman and McMurray tests were positive. Ra
diographs confirmed open physes with no evidence of frac
ture or malalignment., MRI demonstrated bony contusions 
and a substantial ligament injury, with a high-grade par
tial ACL tear, along with questions of peripheral posterior 
medial meniscus root tearing (Figures  1,  2). Management 
options were discussed with the patient, and he elected to 
proceed with surgical fixation. An additional consent was 
obtained from parental guidance for the possible publica
tion of the surgical technique. 
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Figure 1. Preoperative sagittal thickened and T2      
hyperintense MRI of the right knee. An arrow denotes          
heightened signal intensity at the femoral connection        
of the proximal anterior cruciate ligament (ACL)        
revealing a partial-thickness tear. The medial and        
lateral menisci appear intact without evidence of tear.         

Figure 2. AP and lateral radiographs of the right knee         
showing open distal femoral and proximal tibial        
physes, consistent with near skeletal immaturity.       

SURGICAL TECHNIQUE 

Surgical intervention was performed 6 weeks after the ini
tial injury. Examination under anesthesia confirmed a pos
itive Lachman test, grade 2+, without a definite endpoint.. 
Portals were created on the knee, and the joint was in
sufflated with fluid for diagnostic arthroscopy. The 
patellofemoral joint was in excellent condition, with no in
dication of medial or lateral meniscus tear or chondroma
lacia. At this point, the ACL stump was recognized and pre
served, and the over-the-top guidance was used to locate 
the ACL’s origin on the femur. A Beath pin was then eas
ily inserted, and a suture was used for later internal brace 
suture passage. The tibial tunnel was then created just an
terior to the tibial stump. A fibrous anteriorly flipped ACL 
tissue remnant was identified at this point, and the stump 
was whipstitched using a suture passing device, and the 

Video 1 (a and b). Summary of the preparation and           
fixing sequence for the BEAR implant. The internal         
brace is initially threaded twice through the implant         
with the dense side facing downward. The tape is          
subsequently threaded through the tibial tube. The        
implant is infused with autologous whole blood upon         
treatment. With the leg fully extended, the internal         
brace is extracted, and the location is readied for          
tapping and insertion. The tape is then loaded, and the           
anchor is fastened for final stabilization.       

cyclops was incorporated into the repair. The button was 
then brought onto the table, and the stumps sutures were 
carried up and through the button before passing through 
the lateral femoral cortex. An open arthrotomy was subse
quently created to facilitate ACL repair and restoration. At 
this point, the sutures from the femoral button were passed 
down and through the BEAR implant, and 20 cubic cen
timeters (cc) of whole blood was splayed over the implant 
(Video 1a-b). Sutures from the implant were then passed 
down the tibial tunnel, and the BEAR implant was digi
tally inserted through a larger open medial arthrotomy in
cision for ACL repair and restoration. After positioning the 
BEAR, the knee was extended fully, and sutures through the 
BEAR implant were inserted into another button through 
the open tibial incision. Sutures were then tied down over 
the tibial button, and 3-0 Monocryl was used to close inci
sions. The sequence steps of the BEAR surgical technique 
are summarized in the flow chart (Figure 5) 

OUTCOME 

Postoperatively, the patient was placed in a postoperative 
hinged brace with a fixed range of motion of 0 to 90 de
grees. Crutch protocol was instituted, and the patient re
mained non-weight bearing for the first 2 weeks. At follow-
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Figure 3. Seven-month postoperative sagittal    
T2-weighted MRI of the right knee. An arrow denotes          
the BEAR construct, which demonstrates continuous       
fibers without discontinuity and a caliber comparable        
to the native ACL.     

up, the patient showed primary healing at all incisions, an 
appropriate range of motion (0-90°), and continued cur
rent brace settings and was advanced to 50% partial weight 
bearing for the following 2 ½ weeks. Strengthening exer
cises with physical therapy began 2 weeks post-operatively 
per the recommended postoperative BEAR physical therapy 
protocol, focusing on pain and swelling. The following four 
phases consisted of closed chain strengthening, low impact 
cardio, plyometrics, and return to sport functional testing 
over a 6-8 month period (Shah et al. 2025). 
At the 6-month-follow-up, the patient reported no pain 

at the surgical sites and had regained full range of motion 
and strength of the hamstring and quadriceps (5/5). He also 
had a full range of motion. At 7-month-post surgery, an 
MRI was obtained to evaluate graft maturation prior to re
turn to sport. The scan demonstrated an intact ACL with a 
robust graft, consisting of biologic healing (Figure 3 ). The 
patient was advised to continue aggressive strengthening 
over the next 4 weeks in anticipation of the upcoming foot
ball season. He was cleared for return to sport at approxi
mately 8 months postoperatively. At the 1-year follow-up, 
the patient has done exceptionally well with no significant 
issues or complaints and was able to complete his foot
ball season, and was preparing for basketball season. He 
then revisited 18 months postoperatively where he demon
strated full knee flexion and extension (Figure 4a-b ) and 
received the Lysholm Knee Score (LKS), which increased 
from 67/100 to 100/100, and a Knee Injury and Osteoarthri
tis Outcome Score (KOOS) with a base of 61/100, which in
creased to 94/100. 

Figure 4 (a and b). 18-months postoperatively, the         
patient demonstrated full restoration of knee range of         
motion in both flexion and extension.       

Figure 5. The stepwise schematic of the BEAR ACL        
repair surgical procedure, including stump assessment,       
tunnel drilling, ACL suturing, implant placement, and        
final fixation.   

DISCUSSION 

This case report highlights the novel application of 
bridged-enhanced ACL restoration (BEAR) to improve out
comes following ACL injuries. Unlike conventional ACL re
construction, which requires tendon grafting, BEAR em
ploys a resorbable implant that facilitates healing of the 
torn ACL by utilizing the body’s natural repair mechanisms 
(Bond et al. 2024; Kantrowitz et al. 2024; Dhammi, null, 
and Kumar 2015). This technique eliminates complications 
associated with graft harvesting, such as donor site morbid
ity and postoperative graft failure (Barnett, Murray, Bad
ger, et al. 2021). Additionally, BEAR circumvents common 
pitfalls of traditional reconstruction, including tunnel-re
lated complications (Chau and Pandya 2025). Meta-analy
ses comparing BEAR to graft-based ACL reconstruction 
have demonstrated superior improvements in hamstring 
strength, faster symptom resolution, and earlier return to 
activities, along with higher ACL Return to Sports after in
jury scores (ACL-RTS) 6 months postoperatively (Mansour 
et al. 2023). 
The BEAR has matured from early feasibility to random

ized and post-market evidence. In a Level-1 RCT of mainly 
young adolescents with closed physes, BEAR demonstrated 
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non-inferiorly to ACLR at 2 years. Contemporary reviews 
aggregating BEAR I-III trials report a combined retear rate 
of 9 of 64 (14%) of patients for BEAR and 2 of 35 (6.0%) 
for ACLR, supporting BEAR as a viable alternative to ACLR 
in select indications as real-world evidence continues to 
grow (Murray, Fleming, Badger, et al. 2020). Consistent 
with these findings, our patient achieved full range of mo
tion and strength of the hamstring and quadriceps at 
6-month follow-up, without surgical site pain. At 1-year, 
the patient successfully returned to competitive football, 
underscoring the technique’s capacity for effective rehabil
itation while avoiding graft-related complications. 
In younger athletic populations undergoing revision ACL 

reconstruction, there is a higher incidence of meniscus and 
cartilage abnormalities, graft failures, and poorer func
tional outcomes.(Ouillette et al. 2019) When treating ado
lescents and pediatric patients, special considerations must 
be given to their immature skeletons and open growth 
plates, which necessitate minimizing the drilling of tunnels 
in the tibia and femur, a step commonly associated with 
traditional ACL reconstruction techniques (Alharby 2010). 
Pediatric ACLR literature indicates that growth-disturbance 
risk is minimized when tunnels are small, central, and fully 
filled (McConkey, Bonasia, and Amendola 2011). The BEAR 
implant’s current instructions for use recommend a modi
fied technique in patients to ensure adequate epiphyseal-
sparing to accommodate a 2.4 mm drill pin with 2-3 mm 
bone margins to preserve the physis. More recently, the use 
of bioinductive anchors has become routine, replacing cor
tical buttons, further minimizing the risk of growth plate 
disturbance. (“BEAR Implant | Healthcare Professionals,” 
n.d.) Because the implant is positioned intra-articularly, it 
offers a growth-plate-sparing alternative that avoids limb-
length discrepancy or angular deformities. By prioritizing 
growth plate preservation and native ligament healing, the 
BEAR procedure can be utilized to better support long-term 
joint integrity, reduce the risk of complications, and im
prove overall functional outcomes in the adolescent ath
letic and general population. 
Our patient’s active lifestyle and age were important fac

tors in selecting an appropriate clinical intervention, mak
ing him a strong candidate for the BEAR procedure. The 
decision was guided by his skeletal immaturity and high 
athletic demand, aligning with current literature that sup
ports BEAR as a favorable option for young athletes aim
ing to minimize physeal disturbance and avoid graft-related 
complications. At 18-month follow-up, the patient demon
strated full recovery of quadriceps and hamstring function
ality, with marked improvements in LKS and KOOS scores, 

corroborated by postoperative physical exam findings and 
MRI imaging. We will continue to structure surveillance 
through the skeletal maturity of the patient, including clin
ical exams (stability, ROM), growth assessment (leg-length) 
and imaging only if indicated. There will be surveillance 
MRI reserved for any recurrence of symptoms or for peri
odic evaluation of graft integrity as the patient continues to 
mature. 
While this case highlights the successful recovery of an 

adolescent athlete following the BEAR procedure, it repre
sents a single patient experience and therefore limits its 
generalizability. Additionally, due to the relative novelty of 
the technique and its limited use in clinical practice, long-
term comparative data beyond two years remain sparse, 
particularly in younger populations. Careful patient selec
tion remains an important consideration, as the procedure 
may be less suited for patients with poor tissue quality 
or experience chronic tears. Despite these limitations, this 
case contributes to the growing body of literature support
ing BEAR as a viable biologic alternative to traditional ACL 
reconstruction, especially in adolescents. Future studies 
with longer follow-up periods and larger cohort sizes are 
essential to better assess the effectiveness, durability, and 
safety of BEAR across broader clinical scenarios. 

CONCLUSION 

This study demonstrates the successful long-term out
comes of a patient undergoing the bridged-enhanced ACL 
restoration (BEAR) procedure. This case highlights the 
trends towards repairs instead of reconstructions in ACL 
injuries for candidates that meet the requirements, par
ticularly young athletes and individuals with occupational 
or recreational demands, and those with an intact tibial 
stump. The positive outcomes in this case support the ad
vantages of biologic augmentation over traditional recon
struction methods. However, long-term follow-up studies 
are needed to fully assess and validate the efficacy, 
longevity, and benefits of this novel technique. 
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