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Background  
Patellar instability is commonly associated with disruption of the medial patellofemoral 
ligament (MPFL). Although MPFL reconstruction (MPFLR) is the current standard of care, 
complication rates remain notable, particularly in young and high-risk patients. 
Reinforced bioinductive implants (RBI) have recently emerged as a biologically 
supportive alternative. Augmented MPFL repair (AMPFLr) using an RBI aims to combine 
anatomic reconstruction principles with biologic repair augmentation. The purpose of 
this study is to retrospectively evaluate patient reported outcomes and re-dislocation 
rates after undergoing AMPFLr using an RBI for patella instability. It is hypothesized that 
patients who underwent this procedure demonstrate clinical improvement over baseline 
in patient reported outcomes metrics (PROMs) and range of motion. A secondary 
hypothesis is AMPFLr would be non-inferior compared to historical data at early time 
points. 

Methods  
A retrospective review was performed for all patients undergoing AMPFLr between May 
2021 and September 2024 at a single institution. Inclusion criteria were primary MPFL 
surgery, age ≥14 years, preoperative MRI confirming MPFL tear, RBI augmentation, and 
≥1-year follow-up. Exclusion criteria included allograft/autograft use, inadequate 
imaging, derotational osteotomies, and concomitant ACL reconstruction. Outcomes 
included range of motion (ROM), visual analog scale (VAS) pain scores, and BANFF 
Patella Instability Instrument (BPII2.0) scores collected preoperatively and at 6 and 12 
months. Complications and reoperations were recorded. Paired t-tests compared 
postoperative values to baseline (α = 0.05). 
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Results  
Forty-seven patients met inclusion criteria (mean age, 23.9 ± 8.5 years; 61.7% female) 
with a mean clinical follow-up of 12.7 ± 2.6 months. Three patients (6.4%) underwent 
reoperation: two for arthrofibrosis requiring manipulation under anesthesia and one for 
tibial tubercle osteotomy hardware failure after trauma. 1 patient suffered complete 
re-dislocation, 3 patients (6%) reported subjective instability during pivoting. Significant 
improvement was observed across all outcome measures. VAS pain decreased from 4.4 ± 
1.4 to 0.5 ± 0.8 at 12 months (p < 0.001). BPII2.0 scores improved from 36.7 ± 7.8 to 73.9 ± 
5.3 at 12 months (p < 0.001). Flexion increased from 106.8° ± 17.2° to 128.6° ± 5.0° (p < 
0.001), and extension normalized by 12 months (p = 0.004). 

Conclusion  
AMPFLr with RBI augmentation resulted in significant improvements in pain, function, 
and knee ROM within 12 months, with no cases of recurrent dislocation and a low 
reoperation rate. PROM improvements were comparable to historically reported MPFL 
reconstruction outcomes, supporting the non-inferiority of AMPFLr at early follow-up. 
These findings suggest that AMPFLr is a safe and effective option for treating patellar 
instability, though longer-term and comparative studies are needed to determine 
durability and optimize indications. 

Level of Evidence    
Level IV, retrospective case series. 

INTRODUCTION 

Patellar dislocation commonly results in injury to the me
dial patellofemoral ligament (MPFL), which serves as the 
primary passive soft-tissue restraint preventing lateral 
translation of the patella. The ligament primarily engages 
between 0° and 30° of knee flexion, when bony constraints 
are minimal (Conlan et al. 1993; Hautamaa et al. 1998). Bio
mechanically, the MPFL contributes approximately 50–60% 
of the total medial soft-tissue restraint across this early 
arc of motion. Disruption of the ligament significantly al
ters patellofemoral joint kinematics and stability. Through 
cadaveric studies, the native MPFL’s tensile strength has 
been identified as relatively low at approximately 200 ± 50 
N, highlighting its function as a checkrein translational or 
rotational forces such as pivoting (Calvo Rodríguez et al. 
2015). 
The MPFL commonly tears at one of 3 sites, the femoral 

origin, the patellar insertion, or mid-substance. The loca
tion of the tear can have important implications for recur
rence risk following a first-time dislocation, with femoral-
sided tears often correlating with higher recurrent 
instability rates (Hautamaa et al. 1998). Additionally, the 
presence of anatomic risk factors such as trochlear dyspla
sia, patella alta, increased tibial tubercle–trochlear groove 
(TT-TG) distance, or rotational malalignment further pre
disposes patients to recurrent instability despite conserva
tive management. 
Recurrent patellar dislocations are frequently treated 

surgically, with procedure selection tailored to each pa
tient’s underlying pathology and risk profile. Although the 
understanding of patellofemoral biomechanics and surgical 
strategy has advanced, each treatment option carries in
herent limitations and potential complications (Mountney 
et al. 2005). Historically, primary MPFL repair (MPFLr) was 
used to restore stability; however, high rates of recurrent 

instability, particularly in patients with high-risk anatomy, 
have shifted clinical practice toward MPFL reconstruction 
(MPFLR) (Kruckeberg et al., n.d.; Puzzitiello et al. 2019). 
Multiple clinical series and biomechanical studies have 
demonstrated that MPFLR provides improved stability, re
stores near-physiologic restraint, and reduces re-disloca
tion rates (Arendt et al. 2011; Buckens and Saris 2010; 
Fisher et al. 2010; Mikashima et al. 2006; Smith et al. 2007). 
Nevertheless, even with precise anatomic tunnel placement 
and improved graft tensioning techniques, complication 
rates remain significant, particularly in pediatric and ado
lescent populations where rates approach 25% (Clark et al. 
2017). 
Recent attention has turned to biologically supportive 

technologies as an adjunct in restoration of patellofemoral 
stability while decreasing the risk of known complications 
associated with historical treatment options. Reinforced 
bioinductive implants (RBI) (BioBrace®, ConMed Corpora
tion; Largo, FL) have been shown to be biomechanically 
non-inferior to the native MPFL in terms of strength and 
stiffness profile, while not as rigid as semitendinosus 
(Semi-T) grafts (McMillan et al. 2024). This RBI is com
posed of highly porous type I collagen integrated with 
bioresorbable poly(L-lactide) microfilaments, creating a 
three-dimensional scaffold optimized for both mechanical 
support and cellular integration. The implant offers a time-
zero tensile strength of approximately 141 N, providing im
mediate strength while functioning as a biologically active 
matrix that recruits host cells, supports neovascularization, 
and promotes organized collagen deposition (Wetzler et al. 
2024; McMillan et al. 2021). RBIs are indicated as an aug
ment and not a stand-alone structure. As such, the concept 
of utilizing a RBI in the setting of MPFL surgery has led to 
the term augmented medial patellofemoral ligament repair 
(AMPFLr) which denotes using the RBI in a traditional re
construction technique combined with imbrication of the 
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implant to the native MPFL at the tear location based upon 
MRI findings. 
The purpose of this study is to retrospectively evaluate 

patient reported outcomes and re-dislocation rates after 
undergoing AMPFLr using an RBI for patella instability. It 
is hypothesized that patients who underwent this proce
dure demonstrate improvement over baseline in patient re
ported outcomes metrics (PROMs) and motion. A secondary 
hypothesis is AMPFLr would be non-inferiority compared 
to historical data at early time points. 

METHODS 

Institutional Review Board (IRB) approval was obtained and 
using CPT codes 27418, 27420, 27422, and 24727, a ret
rospective chart review was undertaken to identify all pa
tients at a single institution who underwent surgery for 
patella instability between May 2021 and September 2024. 
Once identified, patients were screened based upon inclu
sion and exclusion criterion. Inclusion criterion included: 
primary surgery for the MPFL, age greater than 14 years, 
the use of a RBI for AMPFLR, pre-operative MRI confirming 
MPFL tear, follow-up for a minimum of 1-year. Exclusion 
criterion included: revision procedures for MPFL, the use 
of allograft or autograft, lack of pre-operative imaging, pa
tients undergoing de-rotational osteotomies, and combined 
anterior cruciate ligament reconstruction (ACLR). 
Patients were assessed pre-operatively via physical ex

amination and MRI to identify MPFL disruption. Range of 
motion (ROM), visual analog scale (VAS) scores, and BANFF 
Patella Instability Instrument (BPII2.0) scores were ob
tained at pre-op, 6 months, and 12 months postoperatively. 
Medical co-morbidity data was collected including dia
betes, hypertension, smoking, and neuromuscular disor
ders. Additional postoperative data collected included: re-
dislocation, infection, stiffness/arthrofibrosis, and the need 
for further surgical intervention. 

STATISTICAL ANALYSIS 

All patient data was de-identified and analyzed by an in
dependent statistician. Continuous variables, including pa
tient-reported outcome measures (VAS and BANF2 scores) 
and knee range of motion (flexion and extension), were 
summarized using means and standard deviations. Cate
gorical variables, such as gender, comorbidities, and proce
dure type, were summarized using counts and percentages. 
Changes in continuous outcomes over time were assessed 
using paired two-tailed Student’s t-tests comparing each 
postoperative time point (3, 6, and 12 months) to baseline 
values. A p-value of less than 0.05 was considered statis
tically significant. All analyses were performed assuming 
equal variances, and no adjustments were made for multi
ple comparisons. Reoperation rates and complication fre
quencies were reported descriptively. Due to the small 
number of reoperation events, no inferential statistical 
analyses were performed for categorical outcomes. 

RESULTS 

Forty-seven patients met inclusion criteria and were ana
lyzed (Table 1). 46/47 (97.9%) patients underwent primary 
surgery for their instability, while the only revision was 
for a patient who had a previous tibial tubercle osteotomy 
without intervention to the MPFL. All surgeries were per
formed on an outpatient basis. The cohort included 29 fe
males (61.7%) and 18 males (38.3%), with a mean age of 
23.9 ± 8.5 years (range, 14–41). Medical comorbidities were 
uncommon, with no patients reporting diabetes or smok
ing, and only one patient each reporting hypertension 
(2.1%) or involuntary spasms/Asperger’s syndrome (2.1%). 
Mean clinical follow-up was 12.7 ± 2.6 months (range, 
10–25). 
Three patients (6.4%) required reoperation (Table 2). 

Two developed postoperative arthrofibrosis requiring ma
nipulation under anesthesia (MUA) at approximately 3–4 
months, and one experienced tibial tubercle osteotomy 
hardware failure following a traumatic hyperflexion event 
shortly in their post-operative course which was further 
complicated by a subsequent deep vein thrombosis (DVT). 
One patient suffered complete patella dislocation at 13 
months post-procedure while playing kickball. Three pa
tients (6%) reported subjective instability events with piv
oting at least once after returning to sport. 
Pain outcomes improved across all time points from pre

operative evaluation (Table 3). The mean preoperative VAS 
score of 4.4 ± 1.4 decreased to 1.3 ± 1.4 at three months (p 
< 0.001), to 0.7 ± 1.2 at six months (p < 0.001), and to 0.5 ± 
0.8 at twelve months, representing a statistically significant 
reduction of 3.9 points from baseline (p < 0.001). 
PROMs in the form of BPII2.0 scores increased from a 

preoperative mean of 36.7 ± 7.8 to 64.8 ± 7.7 at six months 
(p < 0.001) and to 73.9 ± 5.3 at twelve months, reflecting a 
total improvement of 37.1 points (p < 0.001). 
Similarly, ROM improved in both flexion and extension 

across postoperative time points.(Table 4) Knee extension 
improved from 2.3° ± 5.2° preoperatively to 0.3° ± 1.1° at 
both three and six months, and ultimately to full exten
sion by twelve months (p = 0.004). Knee flexion increased 
from 106.8° ± 17.2° preoperatively to 119.1° ± 11.7° at three 
months, 125.4° ± 7.1° at six months, and 128.6° ± 5.0° at 
twelve months, yielding an overall improvement of 21.8° (p 
< 0.001). 

DISCUSSION 

The primary findings of this study demonstrate that 
AMPFLr a RBI resulted in statistically significant improve
ments in pain, function, and knee ROM within the first 
postoperative year, with a low overall reoperation rate. The 
secondary hypothesis was also confirmed, with the PROM 
from the BPII2.0 score demonstrating non-inferiority com
pared to the historical literature at 1 year postoperative. 
Patients experienced rapid and sustained reductions in VAS 
pain scores, marked functional gains as reflected by BPII2.0 
improvements, and progressive normalization of both knee 
extension and flexion. These outcomes are consistent with 
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Table 1. Patient demographics, comorbidities, and follow-up for those who underwent AMPFLr are reported.             

Summary AMPFLr (N=47) 

Procedure Type, n (%) 

n 47 

Primary 46 (97.9%) 

Reoperation 0 (0%) 

Revision 1 (2.1%) 

Setting, n (%) 

n 47 

Inpatient 0 (0%) 

Outpatient 47 (100%) 

Gender, n (%) 

n 47 

Female 29 (61.7%) 

Male 18 (38.3%) 

Age (Years) 

n 47 

Mean (SD) 23.9 (8.5) 

Median 21.0 

Min, Max 14.0, 41.0 

Comorbidities 

Diabetes, n/N (%) 0/47 (0%) 

Any Smoking, n/N (%) 0/47 (0%) 

High Blood Pressure, n/N (%) 1/47 (2.1%) 

Involuntary Spasms/Aspergers, n/N (%) 1/47 (2.1%) 

Duration of Follow-up (Months) 

n 47 

Mean (SD) 12.7 (2.6) 

Median 12.1 

Min, Max (10.0, 25.0) 

Of note, 46 of the 47 patients underwent a primary procedure. 

Table 2. Reoperation Reasons   

Patient ID Surgery Date Reoperation Date Reoperation Reason 

1 2/16/2024 5/14/2024 Arthrofibrosis, Joint Stiffness 

2 1/16/2024 2/14/2024 Failed TTO Screw Due to Hyperflexion, Deep Vein Thrombosis 

3 8/23/2023 12/6/2023 Arthrofibrosis, Joint Stiffness 

3 of the 47 patients were identified as needing reoperation for intervention status post AMPFLr. None of the reoperations were for recurrent dislocation, however 2 patients did de
velop postoperative arthrofibrosis. 

previously published literature supporting MPFLR as a re
liable procedure for restoring patellar stability and improv
ing PROMs (Hiemstra et al. 2021; 2017). 
The magnitude of pain reduction observed in this cohort 

aligns with prior studies reporting substantial early postop
erative improvements following MPFLR. Earlier investiga
tions have noted VAS decreases ranging from 2 to 4 points 
within the first year, a range comparable to the 3.9-point 
reduction seen in the present study. Similarly, functional 

scores demonstrated large, clinically meaningful gains, 
with BPII2.0 improvements exceeding 35 points at final fol
low-up. This degree of functional recovery is consistent 
with results from other series of both isolated and com
bined MPFL procedures which have reported to improve 
from a baseline approximately 26.1-46.5 points to 66.1 
points at one-year postoperative (Hiemstra et al. 2021; 
2017). 
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Table 3. Patient VAS and BPII2.0 scores at baseline and at regular follow-up intervals             

MPFL Subjects (N=47): VAS Scores 

Pre-Op 3 Months 6 Months 12 Months 

Mean 
(SD) 

n Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

4.4 
(1.4) 

47 1.3 
(1.4) 

46 -3.0 
(<0.001) 

0.7 
(1.2) 

39 -3.7 
(<0.001) 

0.5 
(0.8) 

47 -3.9 
(<0.001) 

MPFL Subjects (N=47): BPII2.0 Scores 

Pre-Op 6 Months 12 Months 

Mean 
(SD) 

n Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

36.7 
(7.8) 

47 64.8 
(7.7) 

32 27.7 
(<0.001) 

73.9 
(5.3) 

47 37.1 
(<0.001) 

Patients were evaluated via PROM’s at baseline and across standard postoperative intervals for pain scores and function. Across all time points there was significant improvement in 
VAS and BPII2.0 scores compared to baseline. 

Table 4. Knee ROM at baseline and at regular follow-up intervals          

MPFL Subjects (N=47): Knee Extension 

Pre-Op 3 Months 6 Months 12 Months 

Mean 
(SD) 

n Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

2.3 
(5.2) 

47 0.3 
(1.1) 

46 -2.0 
(0.019) 

0.3 
(1.1) 

39 -2.0 
(0.034) 

0 (0) 47 -2.3 
(0.004) 

MPFL Subjects (N=47): Knee Flexion 

Pre-Op 3 Months 6 Months 12 Months 

Mean 
(SD) 

n Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

Mean 
(SD) 

n Change 
(p-value) 

106.8 
(17.2) 

47 119.1 
(11.7) 

46 12.5 
(<0.001) 

125.4 
(7.1) 

39 18.3 
(<0.001) 

128.6 
(5.0) 

47 21.8 
(<0.001) 

ROM data for all patients were collected at baseline and across standard postoperative intervals. Across all time points there was significant improvement in both flexion and exten
sion compared to baseline. 

ROM outcomes followed an expected recovery pattern, 
with rapid early improvements in flexion and a more grad
ual return to full extension. The approximate 220 of flexion 
from baseline is an indicator that graft tensioning and tun
nel placement likely avoided over-constraint, an important 
consideration given the risk of postoperative stiffness re
ported in the literature. 
The overall reoperation rate of 6.4% in this cohort com

pares favorably with previously published rates, which of
ten range from 5% to 25% depending on patient age, sur
gical technique, and concomitant procedures (Razick et al. 
2025). Notably, arthrofibrosis requiring manipulation under 
anesthesia remains one of the most frequently cited com
plications following MPFL reconstruction, particularly in 
younger and high-risk populations (Clark et al. 2017; Raz
ick et al. 2025). The two patients requiring MUA in this 
study reflect this trend. The additional case involving TTO 
hardware failure and subsequent deep vein thrombosis un
derscores the known risks associated with combined pro
cedures, though this was not directly attributable to the 
AMPFLr itself. One patient was found to have suffered com
plete patella re-dislocation post-procedure. The patient 
stated their cleat got caught on the turf field and the knee 

twisted traumatically. The patient chose to treat the repeat 
dislocation with physical therapy. The 3 patients who re
ported subjective instability without re-dislocation were 
found to have this sensation with a pivoting movement af
ter returning to sport. Two of these patients report they 
continue to wear a protective patella brace during sports. 
None of these patients report symptoms severe enough to 
warrant re-MRI or consideration of further surgical discus
sion. 
The demographic characteristics of this cohort may also 

have influenced outcomes. The young mean age, low co
morbidity burden, and absence of smokers likely con
tributed to the favorable recoveries observed. Prior litera
ture has demonstrated that older age, elevated BMI, and 
complex anatomic risk factors correlate with higher recur
rence and complication rates (Clark et al. 2017; Razick et 
al. 2025; Huddleston et al. 2025). The uniform use of out
patient surgical settings further suggests that patients were 
appropriately selected and optimized for the procedure. 
Despite the reported findings, this study has several lim

itations that must be acknowledged. First, the follow-up 
period was limited to an average of approximately 12 
months, which may not fully capture longer-term recur
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rence rates, implant durability, or the development of 
patellofemoral cartilage changes. Second, the absence of a 
comparison group matched cohort limits the ability to draw 
comparative effective conclusions outside of historical lit
erature statistics. Third, although PROMs and ROM data 
were thoroughly collected, radiographic and advanced 
imaging (MRI) were not routinely collected, which could 
have provided additional insight into the healing and 
restoration process. Additionally, data on patients with a 
diagnosis of joint hypermobility and documentation of lev
els of trochlear dysplasia were not uniformly collected or 
reported. Finally, the sample size, while consistent with 
many MPFL studies, limits the statistical power to evaluate 
predictors of complications or subgroup differences. 

Despite these limitations, the results of this study rein
force the effectiveness of AMPFLr in improving pain, func
tion, and knee motion in patients with patellar instability. 
The low complication and reoperation rates further support 
the safety of the procedure when performed with appropri
ate technique and postoperative management, albeit with 
the results being at an early timepoint. Future research in
volving longer-term follow-up, larger multicenter cohorts, 
and direct cohort comparisons may help refine surgical in
dications and further optimize patient outcomes. 
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