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ABSTRACT 

Introduction and Purpose: Anterior cruciate ligament (ACL) injuries are among the most common and functionally 
limiting conditions in physically active individuals. Although traditional ACL reconstruction techniques are effective in 
restoring knee stability, they are associated with prolonged rehabilitation, potential graft failure, and psychological barriers 
to returning to sport. The Internal Brace Ligament Augmentation (IBLA) technique has emerged as a biomechanically 
enhanced alternative that may overcome some of these limitations. 
Materials and Methods: This narrative review is based on a literature search conducted in PubMed, Web of Science, and 
Google Scholar using the keywords: ACL reconstruction, Internal Brace, rehabilitation, and return to sport. Studies were 
included if they addressed ACL reconstruction using the IBLA technique, with a focus on rehabilitation protocols, functional 
outcomes, and comparisons with standard ACL reconstruction methods. 
Results: Current evidence suggests that the Internal Brace technique provides improved graft stability and reduces 
elongation during early loading phases. These advantages may support faster mobilization and progression through 
rehabilitation. Clinical data indicate the potential for earlier return to sport with functional outcomes comparable or superior 
to traditional techniques. Nonetheless, standardized rehabilitation protocols specific to IBLA remain underdeveloped, and 
long-term outcome data are still limited. 
Conclusions: Internal Brace Ligament Augmentation represents a promising innovation in ACL reconstruction, offering 
mechanical support that may enable accelerated and safer rehabilitation. While preliminary findings are encouraging, further 
high-quality research is needed to confirm long-term efficacy and establish evidence-based rehabilitation guidelines. The 
integration of biomechanical and clinical insights may improve functional recovery and return-to-sport success in active 
populations. 
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Introduction: 

The anterior cruciate ligament (ACL) is one of the primary stabilizing structures of the knee joint, 

responsible for limiting anterior translation of the tibia relative to the femur and for providing rotational 

stability. ACL injuries are among the most frequent sports-related injuries worldwide, particularly prevalent 

in sports involving rapid deceleration, pivoting, and cutting maneuvers, such as soccer, basketball, and skiing. 

In the United States alone, it is estimated that more than 250,000 ACL ruptures occur annually, and the vast 

majority require surgical reconstruction to restore knee function and prevent long-term joint degeneration.[1] 

Surgical reconstruction of the ACL is widely regarded as the gold standard for restoring knee stability 

in active patients who wish to return to high-level sports. The procedure typically involves using an autograft 

or allograft fixed with interference screws or suspensory devices. Despite advances in surgical techniques, 

fixation methods, and structured rehabilitation programs, challenges remain. Graft remodeling - known as the 

ligamentization process -can take up to 12-18 months to reach maturity and is marked by reduced mechanical 

strength and increased risk of graft elongation or failure in the early postoperative phase. [1,8,9] 

Additionally, research shows that only around two-thirds of patients successfully return to their pre-

injury level of sports participation. Fear of reinjury, insufficient quadriceps strength, and psychological barriers 

are common factors limiting full functional recovery. [10] 

To address the shortcomings of traditional ACL reconstruction, novel surgical strategies such as internal 
brace ligament augmentation (IBLA) have emerged. This method utilizes a high-strength polyethylene suture 

tape, incorporated alongside the reconstructed ligament, to offer additional mechanical support during early 

healing. Studies suggest that such reinforcement helps reduce graft elongation under repetitive stress, enhances 

overall stiffness, and improves resistance to failure, without negatively affecting natural healing processes 

[2,3]. The polyethylene suture tape acts as a secondary stabilizer, sharing load with the healing graft during 

early mobilization and potentially enabling a safer and more efficient rehabilitation process. 

In parallel, there has been an increasing focus on optimizing postoperative rehabilitation protocols. 

Recent clinical guidelines stress the need for individualized, criteria-based progression that reflects both 

biomechanical readiness and psychological preparedness for returning to sport [7,9]. Objective testing of 

muscle strength - particularly the quadriceps – assessment of inter-limb symmetry, dynamic movement 

analysis, and psychological instruments like the ACL-RSI scale are now considered integral to safe and 

effective rehabilitation [9,10]. 

This review aims to critically examine the current body of evidence surrounding ACL reconstruction 

with internal bracing, particularly with regard to its influence on rehabilitation outcomes, time to return to 

sport, and long-term functional recovery. By synthesizing biomechanical data, clinical protocols, and 

psychological considerations, the goal is to provide a nuanced understanding of the potential benefits and 

limitations of this emerging surgical approach in the management of ACL injuries. 

 

Discussion 

Biomechanical and Clinical Rationale 

The Internal Brace technique addresses one of the major shortcomings of traditional ACL reconstruction 

- the early phase of graft vulnerability during which ligamentization is incomplete and mechanical strength is 

reduced. Biomechanical data indicate that the incorporation of suture tape augmentation significantly enhances 

the initial construct's stiffness, load-bearing capacity, and resistance to elongation under stress [2,3]. This 

mechanical support is especially crucial during activities involving repetitive load cycles such as walking, stair 

climbing, or early range-of-motion exercises. 

Furthermore, in vitro and preclinical research has shown that Internal Brace constructs more closely 

replicate the viscoelastic behavior of the native ACL under physiological loading conditions, potentially 

limiting micro-movements that could hinder graft healing [4]. Additionally, the load-sharing behavior of the 

Internal Brace decreases peak stresses on healing grafts, which may reduce the risk of tunnel widening and 

graft laxity over time [4,11] 

This mechanical support system is illustrated in Figure 1, showing the placement of suture tape along 

the graft, anchored proximally and distally to share load during early healing phases. 

 

Reevaluation of Treatment Strategies and the Role of Internal Brace Repair 

The choice between early surgical intervention and conservative management for ACL injuries remains 

a subject of ongoing clinical debate. While ACL reconstruction has traditionally been favored, particularly in 

athletes or high-demand individuals, systematic analyses suggest that outcomes may be more nuanced. A 
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systematic Cochrane review highlighted the scarcity of high-quality randomized controlled trials comparing 

surgical and conservative approaches for ACL injuries, with only one study meeting the inclusion criteria 

[5,12]. The findings indicated that early surgical reconstruction did not result in significantly better patient-

reported knee function scores when compared to structured rehabilitation, both at two- and five-year follow-

ups. Interestingly, nearly 40% of patients initially managed non-operatively underwent delayed ACL 

reconstruction within two years due to persistent instability, rising to over 50% by year five. However, there 

was no substantial difference in long-term meniscal surgery rates, and radiographic osteoarthritis appeared 

more frequent in the surgical group [5,12,13]. 

Parallel to these findings, the identification of preoperative predictors of return to physical activity 

(RTPA) has become increasingly important in clinical decision-making. Despite low overall evidence quality, 

four modifiable preoperative variables were found to be positively associated with RTPA: quadriceps strength, 

patient motivation and expectations (psycho vitality profile), self-perceived readiness to return to sport, and 

use of a bone–patellar tendon–bone (BPTB) graft. In contrast, other clinical, psychosocial, and demographic 

factors – such as knee pain, range of motion, BMI, time to surgery, and smoking status – showed no consistent 

association with successful RTPA outcomes [6,14]. 

In parallel, there has been renewed interest in primary ACL repair, particularly in cases of proximal 

tears, driven by advances in surgical techniques and improved patient selection. Historically, primary repair 
fell out of favor due to unacceptably high failure rates, often exceeding 50% at five-year follow-up, and the 

widespread adoption of reconstructive techniques with superior mid- to long-term outcomes [15,16]. However, 

early repair attempts were frequently performed via open procedures with limited arthroscopic control and 

without accounting for tear location or tissue quality – factors now recognized as critical to success. 

Contemporary techniques, such as Internal Brace Ligament Augmentation (IBLA), have contributed to 

the resurgence of interest in primary repair. IBLA involves reinforcing the native ligament with a high-strength 

suture tape, which provides mechanical protection during early healing phases and facilitates biological 

restoration. The contemporary method offers several theoretical benefits, including the preservation of native 

proprioceptive function, avoidance of donor site morbidity, and a more anatomically accurate restoration of 

ligament structure [16]. 

Despite promising early results in select patients, high-quality randomized studies comparing Internal 

Brace repair to traditional reconstruction remain limited. Moreover, long-term outcome data are currently 

insufficient to determine whether these newer approaches will yield durable advantages in broader patient 

populations. Until such evidence emerges, careful patient selection – based on tear location, tissue quality, 

activity level, and expectations – remains central to optimizing treatment outcomes in ACL injury management 

[17,18]. 

 

Impact on Rehabilitation Phases 

The introduction of Internal Brace Ligament Augmentation (IBLA) into anterior cruciate ligament 

reconstruction (ACLR) protocols offers a biomechanical framework that supports earlier initiation of 

functional activities within the rehabilitation process. Clinical findings indicate that IBLA-enhanced repairs 

enable patients to achieve neuromuscular control and limb symmetry significantly earlier – often by 3 to 4 

weeks – compared to those undergoing conventional ACLR [2,9]. This is in line with updated 

recommendations from the 2023 Aspetar Clinical Practice Guidelines, which advocate for early closed-chain 

exercises, proprioceptive training, and load progression based on individual readiness rather than fixed 

timelines [7]. 

A central benefit of IBLA is its ability to support an accelerated yet criteria-based rehabilitation model, 

allowing clinicians to safely progress patients through sport-specific drills without compromising graft 

integrity [2,7,9]. 
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Table 1. Phases of rehabilitation after ACL reconstruction using Internal Brace – goals,  

clinical role, and functional progression [2,3,7] 

 

Rehabilitation Phase 
Approximate 

Timeframe 
Functional Goals Role of Internal Brace 

Phase I: Protection & 

early mobilization 
0–2 weeks 

Pain and swelling reduction, 

graft protection, quadriceps 

activation 

Allows earlier loading and 

confident mobilization due to added 

mechanical stability 

Phase II: 

Neuromuscular re-

education 

2–6 weeks 

Restore full ROM, initiate gait 

training, improve 

neuromuscular control 

Supports safe progression through 

range and load with reduced graft 

elongation risk 

Phase III: 

Strengthening 
6–12 weeks 

Muscle hypertrophy, strength 

gains, limb symmetry 

improvement 

Facilitates early return to strength 

work with lower reinjury risk 

Phase IV: Functional 

training 
3–6 months 

Prepare for dynamic tasks and 

sport-specific movements 

Internal Brace supports during 

complex motion/loading; less 

mechanical strain on healing graft 

Phase V: Return-to-

sport readiness 
6–9 months 

Full functional recovery, 

psychological readiness 

May allow safer and earlier return-

to-sport compared to traditional 

ACLR 

 

Psychological Factors and Return to Sport 

One major reason for delayed return to high-demand sports is not biomechanical but psychological. 

Studies show that fear of re-injury is a leading barrier to full return, sometimes more influential than objective 

strength or knee laxity measures [24]. By providing additional biomechanical security, the Internal Brace may 

help reduce anxiety during advanced drills and return-to-sport tests. However, experts stress that early 

clearance should never compromise graft protection [20,21]. The additional mechanical reinforcement 

provided by IBLA may offer reassurance to patients, thereby reducing anxiety during late-stage agility training 

and RTS testing. Nevertheless, experts emphasize that clearance for RTS should only occur after meeting both 

physical and psychological criteria [7,9,24]. 

 

Comparative Outcomes and Limitations 

Meta-analyses and cohort studies increasingly support the use of IBLA, particularly in younger or 

athletic patients. A 2023 review by Lu et al. indicated reduced graft failure rates (2.4–3.1%) in the IBLA group 

compared to standard ACLR (5.7–7.5%) at 12-month follow-up [3]. Patient-reported outcomes (IKDC, KOOS) 

and RTS percentages were consistently higher in the IBLA cohort [3,10]. 

Still, limitations exist. Long-term data (5–10 years) on osteoarthritis development, graft integration, and 

the biological response to polyethylene suture tapes remain limited [4,16]. Concerns have also been raised 

about the potential for over-constraint if tensioning of the suture tape is excessive, which may interfere with 

normal knee kinematics. Furthermore, histological evidence on how IBLA affects ligamentization and collagen 

remodeling is still emerging [3,4]. 

 

Clinical Implications 

From a rehabilitation perspective, the Internal Brace technique aligns with modern principles of 

individualized, criteria-based progression. It provides mechanical reassurance for both patient and therapist, 

potentially reduces the timeline to functional drills, and may improve patient confidence in demanding pivoting 

movements. [7,9,26]. However, the principles of progressive loading, movement quality, and psychological 

readiness remain unchanged. Accelerating timelines without respecting tissue healing or skipping strength 

milestones may result in re injury – regardless of the surgical technique used [27]. 
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Innovative Strategies and Considerations in Post-ACL Reconstruction Rehabilitation 

In the pursuit of optimizing functional recovery following anterior cruciate ligament reconstruction 

(ACLR), attention has expanded beyond surgical techniques to include the efficacy of various rehabilitation 

modalities and adherence factors. Emerging evidence suggests that aquatic therapy may provide comparable, 

if not superior, outcomes to traditional land-based rehabilitation in early phases, particularly in reducing joint 

stress while maintaining neuromuscular engagement [19]. This can be especially beneficial for patients with 

postoperative pain or early loading limitations. However, complications specific to certain populations – such 

as higher graft rupture rates and technical challenges in pediatric patients – highlight the need for tailored 

rehabilitation strategies across age groups [22]. 

Adherence to rehabilitation protocols remains a crucial determinant of successful outcomes. Studies 

have consistently shown that lower adherence is associated with suboptimal functional performance and 

delayed return to sport [23]. Psychological factors such as motivation, self-efficacy, and patient-clinician 

communication play a significant role in sustaining long-term compliance. Meanwhile, novel approaches such 

as surface electromyography (sEMG)-based assessments are being explored to provide real-time 

neuromuscular feedback and objective performance metrics, particularly in high-level athletes [25]. These 

emerging technologies hold promise for enhancing individualized rehabilitation and refining return-to-sport 

criteria through more precise evaluation of muscular function and symmetry. 
 

Neuromuscular and Functional Recovery After ACL Reconstruction: Role of Early-Stage 

Rehabilitation 

Optimizing early rehabilitation is critical for restoring neuromuscular control, minimizing strength 

asymmetries, and preventing re-injury following anterior cruciate ligament reconstruction (ACLR). Early 

neuromuscular training has been associated with improved outcomes in muscle activation patterns, dynamic 

joint stability, and proprioceptive acuity, particularly in high-risk populations such as female athletes [30]. 

Implementing a neuromuscular protocol within the initial weeks post-surgery resulted in superior functional 

performance at the 12-month follow-up compared to standard rehabilitation [30,31]. 

Proprioceptive training also plays a vital role in enhancing joint position sense and neuromuscular 

coordination, which are crucial for safe return to sport (RTS). Proprioceptive exercises significantly reduce the 

risk of re-injury and improve functional knee stability post-ACLR [28]. 

Furthermore, the implementation of closed kinetic chain exercises in early rehabilitation phases has been 

shown to facilitate quadriceps strength recovery while minimizing anterior tibial translation, thereby protecting 

the graft [29]. Reiman et al. reported favorable six- and twelve-month outcomes in patients following 

structured closed-chain protocols, including improved gait parameters and enhanced muscle balance [29]. 

These findings reinforce the growing consensus that early-stage interventions – particularly those 

targeting neuromuscular re-education – are pivotal for long-term recovery and safe return to high-level activity 

following ACL reconstruction. 

 

Conclusions 

The Internal Brace Ligament Augmentation technique represents a promising evolution in ACL 

reconstruction, offering biomechanical and psychological advantages that may facilitate earlier and safer return 

to function. Studies suggest improvements in early-phase stability, reduced graft elongation, and enhanced 

confidence during rehabilitation. The technique appears especially suitable for active individuals, young 

athletes, and those with high performance demands. However, despite growing evidence of its short- and mid-

term benefits, long-term clinical and histological validation remains necessary. Surgeons must balance 

innovation with evidence, and rehabilitation professionals should integrate IBLA within structured, criteria-

based protocols rather than time-driven frameworks. As research evolves, IBLA may redefine the standard of 

care in ACL injury management – pending robust, longitudinal data confirming its efficacy and safety. 
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