
  

 

Patellar Dislocations: A Literature Review of Adolescent and 

Pediatric Management Strategies. 

Catlin Semple PA-S, MSc, BSc. 

umsempl1@myumanitoba.ca 

 

 

Mentor: Marc Morissette CAT(C), MSc, PhD (AHS) 

Program Director: Ian Jones, MPAS, CCPA, PA-C 

Advisor: Rebecca Mueller, MPAS, MSc, PA-C 

 

A capstone project submitted to the Faculty of Graduate Studies of  

The University of Manitoba in partial fulfillment of the requirements  

for the degree of 

 

MASTER OF PHYSICIAN ASSISTANT STUDIES 

 

 

Department of Physician Assistant Studies 

Max Rady College of Medicine and Faculty of Graduate Studies 

University of Manitoba 

Winnipeg, Canada 

 

Date of submission: May 11, 2022  



 2 

Abstract 

Background: Acute patellar dislocations account for approximately 3% of all knee injuries and 

have high rate of recurrence, with up to 70% of patients who receive non-operative management 

experiencing a redislocation. While management options are varied, skeletal maturity must be 

considered when selecting between Medical Patellar Femoral Ligament (MPFL) repair or 

reconstruction, as issued related to growth arrest or leg length discrepancies in young patients 

may arise. To date, there remains a lack of consensus on preferred management strategy. 

Objective: To identify which method of patellar dislocation intervention (non-surgical, MPFL 

repair, or MPFL reconstruction) demonstrates the best clinical outcomes in skeletally immature 

adolescent and pediatric patients. 

Methods: A review was conducted spanning 2011-2021 using the following databases: 

SportDiscus, CINAHL, Pubmed, and Scopus Open Access. Key search terms included “patellar 

dislocation”, “mpfl”, and “adolescent”. All abstracts were screened against inclusion criteria. 

Abstracts and full text were then reviewed. 

Results: Five papers were analyzed and reviewed. One study advocated for an individualized 

approach, one proposed conservative management, one suggested MPFL repair, and two 

endorsed MPFL reconstruction. MPFL reconstruction demonstrated the lowest rate of 

redislocation and additional procedures, however inconsistency in reporting between studies 

relating to redislocation rates and subjective outcomes limits the ability to identify one optimal 

management style for this population. 

Conclusion: There remains no optimal management plan for skeletally immature adolescent and 

paediatric patients with patellar dislocation. Based on the heterogeneity of the results, it is 
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evident that more research is required to determine the optimal approach for managing MPFL-

related injuries in skeletally immature patients. 
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Introduction 

Epidemiology of patellar dislocation 

The patella is the largest sesamoid bone in the body, is located anterior to the knee joint, 

and serves as a central attachment point for the quadriceps tendon and patellar ligament (1–3). 

The underside of the patella is shaped like a “V” and glides along the trochlear groove of the 

femur. The function of the patella is to protect the knee joint, increase the area of contact 

between the femur and patellar ligament, and increase the length of the lever arm of the 

quadriceps femoris. During normal knee flexion, the trochlear surface of the femur moves up the 

patella while the patella remains in a fixed location (2). The trochlear groove is vital for 

maintaining patellar stability and the depth of this groove dictates the force required to dislocate 

the patella out of this groove (3). The medial patellofemoral ligament (MPFL) originates 

posterior to the medial epicondyle and inserts on the superomedial patella while laying 

superficial to the knee capsule (4). As a passive restraint, the MPFL is considered the most 

important primary soft tissue, providing approximately 60% of the total resistant force in 

prevention of lateral patellar dislocation (5–8).When the patella dislocates, the sesamoid bone 

comes out of the trochlear groove of the femur, stretching or tearing supporting tissues, and 

possibly fracturing the lateral aspect of the trochlear groove. 

Patellar dislocation is likely to happen in one of two ways; either a direct blow to the 

medial aspect of the knee or more commonly via non-contact twisting injury with the foot fixed 

to the ground while externally rotating the tibia (9). The mechanism of injury involving external 

rotation is most often seen in sports were planting the foot to make a hard cutting motion or 

change of direction is performed, such as in basketball, American football, and soccer. During 

the injury, the patella is removed from its normal physiological groove when the quadriceps 
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muscle contracts (3) and can result in damage to surrounding tissues. Indeed, the tissue that 

guides the patella, the MPFL, is damaged in 94-100% of complete lateral patellar dislocations 

(2,3,5,6).   

Accounting for approximately 3% of all knee injuries, acute patellar dislocations are a 

painful trauma with a high rate of recurrence. These injuries have an incidence rate between 5.8 

to 29 per 100,000 in the general population (7,9–15). Rates in adolescents and children occur 

more often; between 29 to 43 per 100,000 with adolescent female athletes at highest risk 

(10,12,16,17). 15-70% of patients who receive conservative, non-operative management will 

experience a redislocation, which is commonly associated with pain, increased recovery time, 

and potential patellofemoral fracture or osteoarthritis (4,7,9–11,14,15,17–20).  

 

First time dislocation and redislocation in adolescents 

First time patellar dislocations have been traditionally managed non-surgically, provided 

there was no observed osteochondral injury (15,17). While there is no consensus on the preferred 

management strategy following first time patellar dislocation in adolescents and children, the 

presence of loose bodies is found in approximately half of the first time dislocations of pediatric 

patients, with evidence suggesting surgical intervention (15). Surgery for patellar dislocation 

does carry inherent risks, including overconstraint of the patellofemoral join and postliminary 

risk of arthrosis (15), further complicating the decision-making process. More recent research 

that focuses on maximizing patient quality of life and sporting function favours surgery over 

conservative management for first time dislocations in children and adolescents (17), however 

further research is warranted.  
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While management strategies for acute patellar dislocations in mature or pediatric 

population have yet to be well defined, treatment protocols for redislocations in skeletally mature 

patients have more rigorous guidelines. Indeed, MPFL reconstruction following two or more 

patellar dislocations has been shown to be safe and effective in both adult and skeletally mature 

adolescents populations when compared to other management strategies, including MPFL repair, 

conservative management, and proximal alignment surgeries (15). Treatment of recurrent 

patellar dislocations in children and adolescents with open growth plates is less well established, 

however, and patients below the age of 14 have a higher risk of redislocation following 

conservative management compared to older populations (21). Moreover, risks involved with 

MPFL reconstruction in skeletally immature patients include knee motion stiffness with flexion, 

patellar fractures, pain, deep vein thrombosis, and over constraint of the patellofemoral joint 

leading to an increased risk of arthrosis (15,22).  

 

Conservative, Repair, or Reconstruction Management 

There are a number of methods to address patellar dislocation, the most popular of which 

include MPFL repair, reconstruction, and non-operative treatment (13). Management strategies 

are well defined for adults, with the majority of acute first-time dislocations without 

osteochondral fractures being managed conservatively and subsequent dislocations being 

managed with surgery (23). However, there remains a lack of consensus regarding ideal 

treatment for adolescents, pediatric patients, and more complex first time injuries 

(5,6,11,15,23,24). 

Non-operative treatment has historically been the traditional treatment method for first 

time dislocations. This method of care typically involves three to four weeks 3-4 weeks of 
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splinting or casting to prevent mobilization, stabilization via crutches, and quadriceps complex 

physiotherapy; however variations in protocols do exist (9,11,13). Non-operative treatment 

strategies are associated with a 15-70% chance of redislocation, necessitating further 

physiotherapy or surgical intervention (9–11). Moreover, only 33% of those who receive 

conservative management without subsequent redislocation return to prior levels of activity 

without symptoms, while another third experience persistent symptoms of apprehension, 

inability to return to preinjury levels of activity, pain, and “giving away” episodes (24).  

Surgical intervention is normally reserved for individuals that experience subsequent 

dislocations and for cases that present with osteochondral fractures with loose intraarticular 

bodies or other specific orthopedic criteria (4,9,12). A number of different operative procedures 

exist to correct patellar dislocation, with MPFL repair and reconstruction presenting as the two 

primary surgical treatment options in recent years (4).   

MPFL repair may be performed both acutely and sub-acutely, with the site of repair and 

outcomes dependent on identifying the locations of MPFL disruption. These locations are often 

identified at the origin of the adductor tubercle and at the patellar insertion (25). Failure to 

pinpoint the location of MPFL disruptions can lead to insufficient or excessive medial tightening 

of the MPFL causing abrupt or gradual deflections of the patella while tracking in the trochlear 

groove, leading to redislocations and subluxations (25). 

In contrast to the MPFL repair operation, MPFL reconstruction requires a small tunnel to 

be drilled into the patella and the femoral epicondyle, with both structures connected either via 

auto or allograft (25). Synthetic fibers are no longer used due to complications of high failure 

rate and fiber-induced synovial reactions (25). While not as strong as the traditionally used 

semitendinosus tendon (8), the gracilis tendon has recently been the autograft material of choice 
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because its stiffness is closer to the native MPFL ligament and it is still considered adequately 

durable for the purposes of MPFL reconstruction (8). MPFL reconstruction has shown positive 

outcomes, including a low risk of recurrent instability, and has therefore become a popular 

surgical technique (5,6,20).  Moreover, surgery has also been shown to reduce the rate of 

redisloaction post-operatively, as compared to non-surgical interventions, however these findings 

have mostly been identified in skeletally mature populations (9,13). Of note, no information was 

found to indicate whether MPFL reconstruction could be performed either acutely or sub-

acutely. 

MPFL reconstruction is not without its drawbacks, with complications being reported in 

up to 26% of adult patients and up to 16.2% in patients <21 years of age (5,22). In order to 

minimize the rate of complications, surgeons must remain conscientious of graft tension in order 

to avoid overtightening the MPFL and increasing the risk of pain and degeneration of the patellar 

cartilage (8). Other complications associated with MPFL reconstruction include loss of motion 

(5), clinical instability (5), patellar fracture (5), and overcorrection, which could lead to medial 

subluxation, medial patellofemoral pressure syndrome, and graft failure (8). 

Regardless of which surgical intervention is used, recovery time for both MPFL repair 

and reconstruction is typically between twelve to sixteen weeks for returning to prior Activities 

of Daily Living (ADLs) and from four to twelve months for return-to-sports (19,26,27). This is 

in contrast to non-operative rehabilitation guidelines which aims to have patients back to regular 

ADLs between four to nine weeks and a full return-to-sports by four to sixteen weeks (28,29). A 

number of clinics suggest pre-operative rehabilitation to assist with recovery, but no scholarly 

articles were identified to suggest efficacy in pre-surgical rehabilitation specific to MPFL 

surgeries (30,31). 



 11 

Surgical Complications and Return-to-Sport 

General surgical complications which can occur during MPFL repair or reconstruction 

include posterior femoral tunnel “blowout” which can cause loss of graft fixation, graft 

truncation during autologous hamstring harvest, and failure to appropriately tension the graft 

(32,33). MPFL specific complications include patellar fracture during autologous patellar tendon 

or quadriceps tendon harvest, damage to the infrapatellar branch of the saphenous nerve, 

malalignment, and the possibility of overtightening the patellofemoral joint in extension 

(18,22,33).  

In addition to the inherent drawbacks to surgery, there are complications that may arise 

that are seemingly more specific to adolescent and paediatric patients. Lack of skeletal maturity 

is of significant importance as transphyseal tunnels, which are a part of the MPFL ligament 

anchoring mechanism, may cause growth arrest, leg length discrepancies, and angular 

deformities in these young patients (34–37). One of the possible options to circumvent this 

obstacle is attempting to use soft tissue fixation instead of bony grafts for MPFL reconstruction 

(21). 

  MPFL post-operative complications experienced by adolescent and paediatric patients 

include restricted knee flexion, progressive patellofemoral arthrosis and pain which is resistant to 

treatment and anti-inflammatory medications, patellar fracture, and redislocations (18,22,38). 

Ashraf et al. (2013) demonstrated that 1.4% of pediatric patients experienced major 

complications and 12.4% experienced minor complications following arthroscopic knee surgery 

(39). Major complications included septic arthritis, repeated wound closures, unplanned 

subsequent surgical procedures, infection, and arthrofibrosis, while minor complications 

included superficial wound infections, persistent hemarthrosis/effusions, sensory nerve 
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paresthesia’s, and postoperative pain pumps which required early discontinuation. The results are 

generalized from numerous arthroscopic knee surgeries, however 5% of this study population did 

undergo MPFL reconstruction.  

Following initial treatment, focus is shifted to a safe and effective return-to-sport and the 

evidence in this area has been evolving. Time to return-to-play without surgical intervention 

typically falls between four to sixteen weeks with appropriate physiotherapy and knee bracing, 

however the risk of redislocation remains (28,29). It has been suggested that 1/3 of athletes 

would not return to pre-injury levels of sport regardless of management strategy used (40), 

however more recent evidence indicates that MPFL reconstruction allows for a return-to-sport at 

the same or higher levels prior to injury in 71.3% of eligible participants (mean age 21.1 years, 

range 9.5-60.0 years) (41). For those that did not return to the same level, reasons ranged from 

fear of reinjury, objective or subjective loss of function, and loss of interest in the activity (41). 

Both articles did not specifically review pediatric and adolescent populations, and this may or 

may not allow for direct comparison with this population. 

 

Objective 

Patellar dislocations can result in lost time from ADLs and activities, such as sport and 

athletic participation, with the possibility of injury reoccurrence resulting in emotional distress. 

As such, treatment and rehabilitation strategies should prioritize an individual’s return-to-sport 

/activity at their pre-injury levels of competition, while minimizing the effect these injuries may 

have on an individual’s mental and physical conditioning. 

Therefore, the purpose of this review was to identify which method of patellar dislocation 

intervention demonstrates the best clinical outcomes as determined by improvements of 
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subjective and objective assessments, such as redislocation rates, Kujala scores, and percentage 

of additional procedures required. Those most highly effected by this type of injury, adolescent 

and pediatric patients, will be the primary population considered in this review. 

 

Methods 

Search Strategy  

A literature review inquiring into the outcomes of MPFL repair, reconstruction, and non-

operative treatment was conducted using the SportDiscus, CINAHL, Pubmed, and Scopus Open 

Access databases in December 2021. Search terms included “patellar dislocation” AND “mpfl” 

AND “adolescent”. A total of 272 articles were identified.  

Search criteria consisted of primary research articles, articles written in English, and 

publication dates ranging from 2011 to 2021. Abstracts were screened based on the inclusion 

criteria of: 1) comparisons of conservative, mpfl repair, and/or mpfl reconstruction; 2) studies 

involving patients aged 18 and under; 3) both objective and subjective measures reported; 4) 

subsequent injury rates were reported in follow-up of one-year or greater. If a study had passed 

initial screening but the abstract provided insufficient information to establish eligibility, then 

full-text studies were retrieved and reviewed. 

Results 

Part 1: Overview of included studies 

A total of 35 duplications from the four search engines were eliminated. Titles were 

reviewed for relevance, after which a total of 201 articles were removed. Ten articles were 

available for full review to assess acceptability, concluding with five studies for full 
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comprehensive analysis and inclusion in the literature review. The selection process is detailed in 

Figure 1 (Appendix). 

There was no overlap in study design of the five studies included in this review. The 

review included a prospective non-randomized study, a randomized controlled trial, a mixed 

method, a case series, and a case–control study. All studies were published between 2011-2021, 

with four of the five published in 2016 or later. Three studies reported patient age ranges and 

median age, one study only reported median age, and the last study only reported age ranges. 

Three of the studies had a follow-up time of ≤ two-years, while the other two studies had a 

follow-up time ≥ 39-months. Tables 1-4 includes a summary of the study, design, objective, 

study population and sample size, outcomes, conclusions, limitations of each study, redislocation 

and complication rates (Appendix).  

There was heterogeneity among study methodologies, making comparisons between 

studies difficult. Three studies focused on primary dislocation injuries, while the other two 

studies focused on recurrent dislocations. Redislocation rates following treatment were reported 

in every study, with the highest rate of redislocation (59%) belonging to those receiving MPFL 

repair and conservative management in the Gurusamy et al (2021) study (15). The average rates 

of redislocation from all studies included in this review are 38.1% for conservative management, 

32.7% for  repair, and 17.3% for reconstruction. Sample sizes varied between studies; Apostolic 

et al. (2011) n = 37, Lind et al. (2016) n = 20, Askenberger et al. (2018) n = 74, Bryant and 

Pandya (2018) n = 16, and Gurusamy et al. (2021) n = 76. Three studies reported on additional 

corrective procedures if the primary treatment option failed, such as a second MPRL repair or 

first or multiple MPFL reconstruction surgeries. Four studies reported on the number of 

complications, with complication rates of >40% for conservative treatment and surgical repair 
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and a rate of 15.3% for MPFL reconstruction. Three studies indicated subjective Kujala scores, 

while all other measurements reported were paper specific. 

The studies included for review provided no consensus on preferred management for 

adolescent or childhood lateral patellar dislocations. One study favoured conservative 

management, one favoured MPFL repair, two favoured reconstruction, and one preferred and 

individualized approach. 

 

Part 2: Article Review 

1. Acute patellar dislocation in adolescents: operative versus nonoperative treatment (7). 

 Apostolovic et al. (2011) compared efficacy of operative versus conservative 

management of primary acute lateral patellar dislocations in adolescents aged 12-16. They 

believed if the appropriate management strategy was chosen then performance of both measures 

would theoretically be equal. 

Methods: The study followed 28 females and 9 male (mean age 13.8 years) for five-to-eight 

years post management between 1995-2004. Inclusion criteria were: positive signs on magnetic 

resonance imaging (MRI), adolescent age at time of injury, and acute injury. Both groups were 

evaluated using the Cincinnati Knee Rating System (CKRS) and rate of residual patellofemoral 

disorders (redislocations, pain, subluxations). 

Outcomes: Both the functional measure of the CKRS (p = 0.091) and the patellofemoral 

disorders (major instability p = 0.856, mild instability p = 0.648) demonstrated no difference 

between management styles.  

Of the 37 patients enrolled, 23 were treated conservatively and 14 treated with MPFL 

repair. A total of 29 patients (20 conservative; nine MPFL repair) met or surpassed the 80% cut-
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off for CKRS scores, which the authors considered successful for participation in sport and 

engaging in the highly demanding everyday activities of an adolescent population. 

Mild symptoms of patellofemoral malalignment were found in three of the conservative 

management patients and in one of the repair patients, however these findings were not 

significant (p = 0.648). Similar to the mild symptom findings, major symptoms of patellofemoral 

malalignment were identified in three conservative cases and in two repair patients, with results 

once again not reaching significance (p = 0.856).  

Redislocation rates were not different between the two groups (p value not reported), 

with redislocation occurring in one of the conservative patients and in two of the repair patients. 

Strengths: A mean follow-up time of 6.1-years gave the authors ample time to discern how well 

the management plans were affecting the patients functionally and the extent of patellofemoral 

malalignment occurring as the adolescents progressed towards adulthood. 

Limitations: The CKRS is an older assessment method and newer evaluation methods have built 

upon the CKRS and co-opted many aspects of different approaches becoming more widely used 

for the evaluation of knee performance, namely the Knee Outcome Survey (KOS) (42). 

 

2. Clinical outcome after reconstruction of the medial patellofemoral ligament in paediatric 

patients with recurrent patella instability (43). 

 Functioning under the principle that osseous fixation in the femur should not be 

completed in patients with open growth plates, Lind et al. (2016) compared MPFL reconstruction 

using soft tissue femoral fixation in skeletally immature patients to osseous fixation MPFL 

reconstruction in an adult population, as reported in a prior study (44). The goal was to discern if 
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MPFL reconstruction using soft tissue fixation is a viable management method for paediatric 

populations. 

Methods: Eleven girls and nine boys (mean age 12.5 years) who were skeletally immature and 

had a minimum of two prior lateral patellar dislocations (LPD) received an MPFL reconstruction 

procedure of gracilis tendon autograft with soft tissue fixation. These paediatric patients were 

compared to an adult population (121 females/58 males; median age 23 years), who received 

MPFL reconstruction involving osseous fixation. Follow-up for both groups were at one-year 

and again at either 17-72 months (median 39-months; standard deviation not available) for 

paediatric patient or 12-63 months (median 41-months; standard deviation not available) for 

adults.  

Outcomes: Patients were assessed using Kujala scores and Numeric Rank Scale (NRS) pain 

score pre- and post-operatively. Additional outcomes of interest included redislocation, 

reoperation rates, and patellar instability.  

 Paediatric patients saw improvement in Kujala and NRS pain scores at one-year follow-

up, both with walking and at rest, however improvements did not persist beyond the one-year 

follow-up time point. Adult scores mirrored paediatric results, with the exception of 

improvements in Kujala scores persisting beyond the one-year follow-up time point. 

 Redislocation (20%) and subluxation (25%) rates appear to be different from earlier 

reports (44), however direct comparisons were not made between paediatric and adults subjects. 

Similarly, revision rates appear to be higher in paediatric patients (21%) versus adult subjects 

(2.8%), however comparisons were not made by the authors. 

Strengths: Lind et al. (2016) ensured skeletally immaturity in all paediatric patients with the use 

of MRI. The article did an excellent job in illustrating the paediatric surgical procedure with a 
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clear diagram. Lastly, the follow-up period is one of the longest of the studies included in this 

review. 

Limitations: Lind et al. (2016) exhibits a lack of clarity in presenting the information in their 

abstract. They demonstrate improvement in knee function and pain scores for paediatric MPFL 

reconstruction using soft tissue fixation within the first-year follow-up, however the abstract 

neglects to mention that improvements do not persists to the second follow-up time point. The 

article could more clearly explain that improvements do not persist past the initial one-year 

follow-up.  

 The paediatric and adult populations have different sex distributions, with the paediatric 

population having a female:male ratio of 55:45, compared to a 68:32 ratio in the adult sample. It 

is demonstrated that the most affected population is adolescent females, the higher representation 

of adult females may skew results (10,12,16,17). 

 Of note, 15% of the paediatric patients were lost to secondary follow-up while only 3% 

of the adult population was lost to secondary follow-up (44). This may limit study results as it 

may introduce bias into their findings based on patient satisfaction or dissatisfaction with the 

treatment outcomes and not seeing benefit in a second follow-up visit or possible re-injury 

leading to a secondary procedure or discontinuing in the study. 

 

3. Operative Repair of Medial Patellofemoral Ligament Injury Versus Knee Brace in Children With 

an Acute First-Time Traumatic Patellar Dislocation (17). 

 Askenberger et al. (2018) evaluated objective and subjective measurements of recovery 

and recurrence rates of patellar dislocation in children receiving MPFL repair as compared to 
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conservative management in treating acute first-time traumatic LPD. The authors’ primary goal 

was to establish a preferred management style for traumatic LPD in skeletally immature patients. 

Methods: 74 (38 female, 36 male) skeletally immature patients between 9-14 years (no mean 

age provided) with first-time traumatic LPD were randomized to either knee brace and physical 

therapy (conservative) or arthroscopic repair of MPFL and soft cast splint with physical therapy 

(repair) groups. LPD and skeletal maturity was confirmed with MRI, clinical examination, 

radiographs, and diagnostic arthroscopic surgery. Outcomes were assessed at two-year post-

operative time point. 

Outcomes: Operative repair significantly reduced redislocation rates but performed more poorly 

on some subjective and objective knee functional tests when compared to conservative 

management. Redislocation rates were higher in the conservative management group (43%) 

compared to the repair group (22%; p = 0.047), with 75% of redislocations occurring during 

sporting activities. The surgical group reported lower scores for the KOOS-child sport/play (p = 

0.011), KOOS-child Quality of Life (p = 0.015), and single hop test Limb Symmetry Index (LSI) 

(p = 0.03), as compared to the conservative treatment group. The lower KOOS scores indicating 

poorer subjective outcomes in terms of sports/plaing and quality of life and the lower LSI 

indicating worse performance on a single hop test. 

 Strengths: This study was a randomized control trial that compared conservative and 

surgical repair treatment for traumatic patellar dislocation in children using several subjective 

and objective measures with easily interpretable statistical analysis. Study findings support 

previous research, namely that of Nwachukwu et al. (2016) who reported that operative 

management reduced rate of injury reoccurrence, albeit in a slightly older age population (mean 

age 16.1,  standard deviation not available) (7). 
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Limitations: The small sample size limited the ability of Askenberger et al. (2018) to stratify 

patient reported outcome measures based on gender and/or redislocation rates (17,45). Follow-up 

data was limited due to eight participants in each group not completing follow-up assessments 

for various reasons, including re-injury and patients declining further study participation. 

 

4. Medial patellofemoral ligament repair restores stability in paediatric patients when compared 

to reconstruction (5) 

 Bryant and Pandya (2018) assessed and compared outcomes related to patellar stability in 

paediatric patients following either MPFL repair or MPFL reconstruction. The primary goal was 

to identify differences in redislocation rates and number of additional procedures required 

between the two groups. 

Methods: After failed first time management of activity modifications, six weeks of physical 

therapy, and bracing, MPFL repairs were performed on 16 patients with recurrent traumatic 

patellar instability (dislocation or subluxation). There were nine female and seven male patients 

(13.4 ± 1.2 years) who received MPFL repair and followed standard rehabilitation protocol 

afterwards (six weeks of weightbearing restriction, hinged knee brace, and physical therapy). 

Patients were followed up at an average of 1.5 ± 0.5 years post-surgery.  

Ten patients in the MPFL repair group experienced recurrent dislocation prior to their 

procedure; the other six had repeated prior subluxations. The ten recurrent dislocation patients 

were compared to 26 paediatric MPFL reconstructions with greater than one dislocations from a 

previous study using the same rehabilitation protocol, data collection, and operative indications 

(46). 
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Outcomes: None of the 16 repair patients had complications and all returned to the preoperative 

range of motion. When comparing the ten repair patients who had more than one dislocation 

prior to their repair to the previously studied 26 MPFL reconstructions, subjects in the 

reconstruction group were older and had lower Caton-Deschamps index scores, a simple and 

reliable index for evaluating patellar height in children as well as adults (47). Moreover, there 

was a greater proportion of subjects in the repair cohort that experienced additional procedures 

during surgery, as compared to the reconstruction cohort. 3/22 reconstruction patients had 

complications vs 0/10 repair patients, 2/22 reconstruction developed recurrent instability 

requiring revision surgery vs 0/10 in the repair group, and one reconstruction patient sustained a 

fractured patella requiring open reduction and internal fixation vs zero repair patients. 

Strengths: All 16 MPFL repairs and 26 reconstructions were performed by one surgeon, 

minimizing errors that could be introduced by having multiple surgeons performing the 

procedures in question. The study also specifically defines how many patients had open physes 

and were skeletally immature. 

Limitations: A high percentage of repair patients (38%) had closed physes at the time of repair. 

As such, the surgical method may not be applicable to all paediatric patients. Mean follow-up 

time was brief for repair (1.5 ± 0.5 years), though not for reconstruction (24 ± 10 months) 

patients.  

 This article did not include patient reported outcome measures, namely Kujala pain score, 

Tegner activity scale, or CKRS knee functioning scores, which are important for providing 

context from the patient’s perspective. 

 Lastly, the study lacks statistical analysis comparing the postoperative outcomes for the 

two groups. While a randomized control trial would be ideal to compare different treatment 



 22 

methods, the present study made comparisons between groups from two separate studies. As a 

result, the findings presented by Bryant and Pandya (2018) indicating that the repair group 

demonstrated complication rates comparable or better than the reconstruction group, are severely 

limited.   

 

5. Medial Patellofemoral Ligament Reconstruction for Adolescents With Acute First-Time Patellar 

Dislocation With an Associated Loose Body (15). 

 In their study, Gurusamy et al. (2021) investigated post-operative outcomes in patients 

receiving MPFL repair or conservative non-surgical management (non-reconstruction group) 

with those who underwent MPFL reconstructive surgery. 

Methods: Subjects included in this study consisted of first-time patellar dislocation patients, 

aged ≤18 years (mean age 14.0 years, no standard deviation provided) with concomitant 

osteochondral fracture. Injuries were managed either conservatively (n = 30) or with MPFL 

repair (n = 16) between 2010-2014. If osteochondral fracture resulted in loose bodies, they were 

either removed or fixated. A comparison group consisting of MFPL reconstruction patients from 

2015-2017 was established using the same injury criteria (n = 30). The two groups were 

compared in primary and secondary outcomes, as listed below, with study participants followed 

for a minimum of two-years post-treatment, either in-person or by phone. 

Outcomes: Primary outcomes included: 1) episodes of recurrent dislocation/subluxation; 2) 

additional stabilization procedures; and 3) return-to-sport. Secondary measures included patient 

satisfaction, Kujala scores, and Single Assessment Numeric Evaluation (SANE).  

 Outcome measures were improved in the reconstruction group as compared to the non-

reconstruction treatment group. More specifically, the reconstruction group had a lower rate of 
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recurrent instability (10.0% vs 58.7%; P < 0.001), returned to sport more frequently (66.7% vs 

39.1%; P = 0.003), and had less additional procedures (6.7% vs 47.8%; P = 0.001).  

Interestingly, there were no differences in secondary measures assessed. 

Strengths: Gurusamy et al. (2021) have the most recent article and had the largest sample size of 

the five articles included in this literature review. The female:male participant ratio was almost 

equal at 47:53, reducing the likelihood of sex-based differences affecting study findings. The 

article elaborates on risk factors for recurrent patellar instability and summarizes the number of 

patients which have these risk factors, which were distributed equally between the two groups. 

Limitations: The research included patients 9-18 years of age, with 67% being skeletally 

immature. This immaturity could impact the outcomes and was not accounted for in the 

statistical analyses despite the larger study sample size.  

The study collected data for the non-reconstruction group retrospectively which could 

have introduced recall, temporal, and selection bias. The non-reconstruction group was 

comprised of both conservative management and MPFL repair treatment strategies, which are 

two different treatment methods and could have confounding effects on study results. Ideally 

Gurusamy et al. (2021) would have split these patients into sub-groups or only chosen one of the 

management styles.  

Discussion 

 There remains no clear optimal management style for patellar dislocation in skeletally 

immature adolescent and paediatric patients following review of the most recent available 

literature. Redislocation and additional procedure rates were most optimized in MPFL 

reconstruction surgery, however the inconsistency of reporting subjective outcomes and 
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redislocation rates limits the ability of identifying an optimal management strategy for this 

population. 

 Patellar dislocation is a common type of knee injury, accounting for approximately 3% of 

all knee injuries, and may lead to ADL hardship, lost time in sport and recreation, and significant 

pain. Adolescents have an increased susceptibility to these injuries, especially skeletally 

immature females. Traditional management of acute first-time LPD in skeletally mature patients 

has involved non-operative means, consisting of rest, bracing, and physiotherapy. Repeat 

dislocations in skeletally mature patients are typically managed with either MPFL reconstruction 

or MPFL repair. However, the use of management styles in skeletally immature patients with 

first time and repeat dislocations is still up for debate. This review took an in-depth look at five 

studies comparing different management styles for patellar dislocations, with a focus on various 

outcomes, including redislocation rates, percentage of additional procedures, and subjective 

measures, such as Kujala scores. 

The main conclusion from this review is that ambiguity persists in identifying optimal 

management strategies for skeletally immature patients presenting with patellar dislocations. One 

study advocated for an individualized approach based on sex and anatomic patellar instability 

risk factors (7), one proposed conservative management over MPFL repair (17), one suggested 

MPFL repair over reconstruction (5), and two endorsed MPFL reconstruction (15,43). One 

consistent finding was that reconstruction resulted in less redislocation events (0-30%) than the 

other management methods in all but one study, which may be due to the study having a small 

sample size (5). MPFL repair varied the most widely in terms of consistency when evaluating 

redislocation rates, ranging from 0-59%. Additional procedures required was highly variable for 

all management methods, with conservative management ranging from 17-47.8%, reconstruction 
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from 6.7-59%, and repair from 0-100%. Study findings pertaining to changes in subjective 

outcomes from pre- to post-treatment were inconsistent. Indeed, improvements were identified in 

Kujala and Activity NRS scores and following MPFL soft tissue fixation at 1-year follow-up 

(43) and in rate of return-to-sport following reconstruction management (15). Alternatively, 

KOOS-Child Play and QOL scores worsened in repair groups in those having experienced 

redislocation (17).  

Despite MPFL reconstruction having the lowest redislocation rate, caution must be 

exercised when considering bony graft MPFL surgery in skeletally immature patients, as 

concerns related to growth arrest, leg length discrepancies, and angular deformities could present 

resulting in complications or poor outcomes following surgery. As such, an individual approach 

is warranted for lateral patellar dislocation management, as stated by Apostolovic et al. (2011) 

(7). This includes the assessment of additional risk factors prior to professional intervention, 

such as tibial-tuberosity to trochlear groove distance, number of redislocations experienced, 

definitive skeletal immaturity, and access to appropriate physiotherapy. Individualized approach 

may improve outcomes, reduce treatment failure rates, and lower side-effect profiles, however 

there are barriers to personalized approaches such as insufficient funding, incidental findings, 

and gaps in research which may inhibit the individualized approach from being feasible. 

 Taken together, there is a need for more well-designed studies investigating the various 

management styles for patellar dislocation injuries, with a focus on long-term outcomes post-

surgery.  
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Study Limitations 

There are numerous limitations contained within this literature review. This primary aim 

of this review was to identify the most viable option for management of patellar dislocations in 

skeletally immature patients, with eligible treatments including conservative management, 

MPFL repair, and MPFL reconstruction. As such, the search criteria were restrictive and limited 

eligible studies. The studies contained within this review include two from the USA, two from 

Scandinavia, and one from the Balkans. With no studies originating in Canada, study-related 

findings may not be representative of a Canadian population, given the differences in health care 

delivery.  

One of the challenges three of the studies faced was the difficulty obtaining a large 

sample size of skeletally immature patients, which could produce underpowered results and 

inaccurate conclusions.. While one study included 74 skeletally immature patients (17), other 

studies comprised of 37 or less participants with some failing to specify if their patients were 

skeletally immature or just under the age of 18. This inability to include large sample sizes could 

be due to inadequacy of funding, difficulty obtaining ethics approval for a young patient cohort, 

or lack of interest by guardians to enroll their children in comparative research.  

The distribution of biological sex was between 24-53% female participants; Apostlovic et 

al. (2011) 76%, Lind et al. (2016) 55%, Askenberger et al (2018) 51%, Bryant and Pandya 

(2018) 66%, and Gurusamy (2021) 47%. This broad distribution range could have inhibited 

statistical integrity and introduced unknown limiting variables. 

Only one study accounted for body mass index (BMI), as the authors considered BMI a 

potential associated factor for recurrent instability (15). Accounting for BMi could be helpful as 
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obesity can alter body mechanics which can unfavourably affect and increase stress in joints, can 

predispose patients to osteoarthritis, and has been correlated with soft tissue injuries (48). 

Short follow-up times was another common limitation in three of the studies included for 

review, with multiple studies only following patients for a maximum of two-years (5,15,17). 

There is a possibility that this is not long enough to fully assess the consequences of the 

management styles, as evidenced by changes in outcomes between one-year and approximately 

three-years post-surgery (43). 

All studies in this review focused on care provided in urban centers, offering a potential 

source of bias. Indeed, access to care is one of the primary social determinants of health, with 

those in rural settings being less likely to receive timely care and potentially leading to negative 

outcomes. Given that follow-up data extended to 6+ weeks post-surgery in the included studies, 

rural-based patients may not be adequately represented as they may be less likely to seek care 

from a health care professional following their initial treatment. Similarly, socioeconomic status 

was not controlled for in the included studies, which is equally likely to play a role in accessing 

appropriate care, both pre- and post-surgery. 

Aside from Kujala scores, it was difficult to assess subjective results as there was little in 

the way of standardized measurements between studies. While it remains possible that 

redislocation rates and Kujala scores are the most critical prognostic factors, standardized 

comparative data would have added depth and insight for comparison and discussion.  

 The definition of ‘complications’ vs ‘redislocation’ was an issue between studies. Two 

studies specified redislocation, with the other three using the terms ‘recurrent instability’, 

‘incidents of residual disorder’, or ‘complications’. The inclusion of subluxations within these 

definitions, while important, inhibits precision when analyzing severity of repeat injuries. 
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 The literature review process revealed that only Askenberger et al. (2018) measured 

quality of life (QoL). Future studies may wish to include more patient-centric focused 

evaluations such as QoL as it may be just as important, if not more important, than objective 

measures such as strength, range of motion, or redislocation rates.  

 Lastly, despite conservative management, MPFL repair, and MPFL reconstruction being 

the most common methods of managing lateral patellar dislocation, other treatment types for 

skeletally immature patients exist (medial imbrication, bone realignment/Fulkerson procedure, 

etc.), however review of these management techniques were outside of the scope of this literature 

review. 

 

Conclusion 

There continues to be no optimal management strategy for skeletally immature 

adolescent and paediatric patients diagnosed with a patellar dislocation. Although MPFL 

reconstruction demonstrated the lowest rates of redislocation and additional procedures, the 

inconsistency in reporting between studies relating to redislocation rates and subjective outcomes 

limits the ability to designate one management style as optimal for this population. Moreover, the 

variability in subject-related factors in the included studies speaks to the need to utilize an 

individualized approach to patellar dislocation injury management (7). 

Taken together, it is evident that more research is required to determine the optimal 

approach for managing patellar dislocation injuries in skeletally immature patients. Future 

studies should focus on including larger sample sizes, longer follow-up times, and both objective 

and subjective patient-centred outcome measures.  
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Appendix 

Figure 1: Identification of studies for review via databases  
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Table 1: Assessment of study design, populations, assessments, outcomes, conclusions, and limitations. 

Study Study design and 

year of publishing 

 

Patient Population and 

Sample Size 

Outcome / Assessment type Conclusion Limitations 

1. Apostolovic et 

al. 2011 (7) 

Prospective non-

randomised study  

 

Repair vs 

Conservative 

 

Serbia 

Age: 12-16 (Mean 13.8yrs) 

Sample Size (SS): 37 

Female/Male (F/M): 28/9 

Mean Follow-Up Time 

(F/U): Median 6.1 yrs  

(5-8yrs) 

 

Primary acute dislocations 

 

Repair (N14) vs 

Conservative (N23) 

 

Functional knee scores (Cincinnati 

knee rating system1) 

- no statistically significant 

difference 

 

Incidents of residual disorders 

(redislocations/patellar instabilities) 

- no statistically significant 

difference 

 

Evidence does not suggest a 

conservative approach, but 

an individual approach 

based on precise diagnosis 

and defined criteria. 

Year’s treatment was 

performed (1995-2004) 

may not reflect 

developments in 

surgical practices 

 

CKRS – dated 

assessment tool 

 

Null hypothesis – 

inability to disprove  

 

2. Lind et al. 2016 

(43) 

Case–Control study  

 

Reconstruction: 

soft tissue graft 

fixation paediatric 

vs bony graft 

fixation adults 

 

Denmark 

 

Paediatric  

Age: 8-16 (12.5)  

SS: 24 knees in 20 patients 

F/M: 11/9 

F/U: 1-year and again at 

median 39-months (17-72 

months) 

 

Non-Paediatric Control 

Median age: 23 yrs 

SS: 179 

F/M: 121/58 

F/U: 1yr and at median 41-

months (12-63) 

 

Both populations patients 

had ≥2 dislocations 

 

 

Kujala2 score improved from 61 

preoperative to 81 1yr (p < 0.001) 

and dropped to 71 final F/U.  

 

Activity NRS (Numeric Rank 

Scale, 0-10 w/ 10 being worst) pain 

score improved from 3.0 to 1.5 (p < 

0.001) in 1yr → but increased 

significantly to 3.5 at final FU (p – 

not reported) 

 

20% paediatric redislocation within 

the first postoperative year vs 5% in 

adults.  

 

25% paediatric patients experienced 

subluxations (not reported in adults) 

 

21.0% revision rate (5/24 knees) vs 

2.8% in adults (no p-value given) 

While there are clinical 

improvements in knee 

function and perceived pain 

after soft tissue graft MPFL 

fixation this method is 

inferior to bony femoral 

fixation performed in 

skeletally mature patients. 

Abstract has incomplete 

details of results 

 

Demographics between 

paediatric and adult are 

not sex matched 

 

15% of paediatric 

patients were lost to 

secondary follow-up vs 

3% of adults 
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3. Askenberger et 

al. 2018 (17) 

Randomized 

Controlled Trial  

 

Repair (R) vs 

Conservative (KB) 

 

 

Sweden 

Age: 9-14 (MRI confirmed 

skeletally immature) 

SS: 74 

F/M: 38/36 

F/U: 2yrs 

 

Acute primary LPD with 

hemarthrosis.  

 

Repair (N37) vs 

Conservative (N37) 

Objective results: 

Redislocation: 

R lower than KB 

 

Limb Symmetry Index – lower 

single hop test in R group 

 

Subjective results: 

KOOS-Child Sport/Play3 and QOL 

scores:  

• Patients without 

redislocations --> no 

significant difference 

• Patients with redislocation 

--> R had statistically 

significant worse 

outcomes 

 

Kujala and Tegner4 activity score – 

no significant difference 

 

 

Repair reduces redislocation 

rate. 

 

Subjective scores are even if 

no redislocation but better in 

conservative if dislocation 

occurs 

 

Due to the similar subjective 

scores conservative therapy 

should still be the primary 

treatment option in 

skeletally immature patients. 

 

Small sample size – 

inability to subgroup 

 

8 patients in EACH 

group waived the final 

follow-up either due to 

redislocation or 

declined assessment. 

4. Bryant and 

Pandya. 2018 (5) 

Mixed method 

 

Repair vs 

Reconstruction 

 

 

USA 

Age: 13.4 (no age range 

given)* 

SS: 16 

F/M: 9/7 

F/U: 1.5 yrs 

 

Recurrent dislocations  

 

Repair (N10) vs 

Reconstruction (N26) 

 

* 6 patients had closed 

physis at time of surgery 

 

 

 

 

Complications5: 

13.6% (reconstruction) vs 0% 

(repair) – no p value given 

 

2/22 reconstruction developed 

recurrent instability requiring 

revision surgery vs 0/10 repair – no 

p value given 

 

1 reconstruction patient sustained a 

fractured patella requiring open 

reduction and internal fixation vs 0 

repair patients – no p value given 

 

One surgeon conducted all 

surgeries – consistency in 

procedures 

 

MPFL repair demonstrated 

comparable or lower risk of 

recurrent instability when 

compared to MPFL 

reconstruction though no p 

value was given for 

complication comparisons. 

 

38% of patients had 

closed physes 

(skeletally mature) 

 

Inconsistent reporting 

in paper 

 

No subjective scoring 

reported 

 

No p-values reported 

for post-operative 

comparisons 
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5. Gurusamy et al. 

2021 (15) 

Case series  

 

Reconstruction vs  

Conservative/repair  

 

 

USA 

Age: 9-18 (Mean 14.0) 

SS: 76 

F/M: 36/40 (51 skeletally 

immature as per MRI) 

FU – 2yrs minimum 

 

Acute first-time PD w/ 

associated loose body 

 

Reconstruction (N30) vs  

Repair (N16) +  

Conservative (N30) 

Reconstruction associated with:  

• Less recurrent instability 

(10.0% vs 58.7%; P < 

.001) 

• Fewer secondary 

procedures (6.7% vs 

47.8%; P < .001),  

• More frequent return-to-

sports (66.7% vs 39.1%; P 

= .003).  

 

No statistically significant 

differences in SANE6, Kujala, or 

patient satisfaction scores  

MPFL reconstruction in 

adolescents with acute first-

time patellar dislocation 

results in a 5-fold reduction 

in recurrent instability, 

reduces the need for 

subsequent surgery, and 

improves patients’ ability to 

return-to-sports compared 

with repair or conservative 

management.  

 

 

33% of patients in study 

were skeletally mature 

 

Data from the non-

reconstructed cohort 

was collected 

retrospectively 

(temporal, recall, and 

selection bias)  

 

 

1. The Cincinnati Knee Rating System (CKRS) is a questionnaire and functional assessment used to assess knee function. The 

CKRS was developed to assess the knee function treatment outcome in patients 17 to 54 years of age exhibiting a chronic anterior 

cruciate ligament (ACL) deficient knee (49). 

 

2. Kujala/AKPS - a 13-item screening tool designed to assess patellofemoral pain in adolescents and young adults. Total scores range 

from 0 to 100 with higher scores being indicative of better functioning (50).  

 

3. KOOS-Child Sport/Play (Knee injury and Osteoarthritis Outcome Score) - patient-reported (subjective) outcome measure 

employing five-item Likert scales (pain, symptoms, activities of daily living, sport and recreation function, and knee-related 

quality of life) (51). 

 

4. The Tegner activity scale – grading activity based on work and sports movement, this is a one-item score on a scale of 0 to 10. !0 

represents activity in the realm of national or international level soccer and zero represents disability (52). 

 

5. Complications - defined as recurrent instability (dislocation or subluxation), fractures, infection, or arthrofibrosis (5). 

 

6. SANE - The Single Assessment Numeric Evaluation (SANE) is a patient rating from 0-100. Patients rate their current illness score 

in relation to their pre-injury baseline. SANE scores are most commonly used by orthopedic sports specialist surgeons, and usually 

for the shoulder and the knee. 
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Table 2: Methods, Locations, Measurements, and Conclusions of each study* 

 
Types of study design Location  Measurements  Year  

1. Prospective non-randomised study  

2. Case–Control study  

3. Randomized Controlled Trial  

4. Mixed method 
5. Case series  

 

1. Serbia 

2. Denmark 

3. Sweden 

4. USA 

5. USA 

2 Scandinavian, 2 USA, Balkan 

1. Repair vs Conservative 

2. Reconstruction tissue vs bony  

3. Repair vs Conservative 

4. Repair vs Reconstruction 

5. Conservative/Repair vs 

Reconstruction  

1. 2011 

2. 2016 

3. 2018 

4. 2018 

5. 2021  

Ages in years Follow-up Time in years Objective Assessment Subjective Assessment 

1. 12-16 (13.8) 

2. 8-16 (12.5) 

3. 9-14 

4. 13.4 

5. 9-18 (14.0) 

 

Total average (minus study 3) 

 = 13.7 

 

1. 6.1 (5-8) 

2. 1 + 39/41 months (3.5) 

3. 2 

4. 1.5 

5. 2 

Incidents of Redislocation: 

x5 

 

Objective: 

CKRS x1 

Limb Symmetry Index x1 

%/# of additional procedures x3 

%/# of additional complications x3 

%/# of pts return-to-sports x1 

Apprehension sign x1 

 

Subjective: 

KOOS (child/QOL) x1 

Kujala x3 

Tegner x1 

Pt satisfaction x1 

SANE x1 

NRS x1 

 

Primary dislocation vs redislocation 

prior to management 

Redislocation Rates Additional Procedures Conclusion 

1. Primary 

2. Redislocation 

3. Primary 

4. Redislocation 

5. Primary 

1: Repair 8.69% vs conservative 

7.14 

2: Soft 20% vs bony 4.6% 

3: Repair 22% vs conservative 43% 

4: Repair 0% vs reconstruction 8% 

5: Repair/conservative 59% vs 

reconstruction 10% 

 

 

1. Repair 28% vs conservative 17% 

2. Soft 21% vs bony 2.8% 

3. Repair 0% vs conservative not 

reported 

4. Repair 100% vs reconstruction 59% 

5. Repair/conservative 47.8% vs 

reconstruction 6.7% 

 

1. Individual approach 

2. Reconstruction with soft tissue 

in child is inferior to 

reconstruction with bone fixation 

in adults 

3. Conservative over repair 

4. Repair over Reconstruction 

5. Reconstruction over 

repair/conservative  

Distribution of Sex (M/F) Total distribution of sex (M/F) Body Mass Index  

1. Conservative 4/19 – repair 5/9 

2. Tissue 9/11 – bony 58/121 

3. Conservative 17/20 – repair 19/18 

4. Repair 4/6 – Reconstruction 7/15 

5. Repair/Con 23/23 – Recon 17/13 

Conservative 44/62 

Repair 51/56 

Reconstruction (minus adult “bony” 

population) 33/39 

5. Repair/Conservative 23.3 ± 5.7  

    Reconstruction 25.1 ± 7.8 
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Table 3: Percentage of Redislocation rates between all studies* 

Study Number Conservative  Repair Reconstruction 

1 

2 

3 

4 

5 

Total 

1/23 

4/20 

16/37 

 

27/46 

Total: 48/126 = 38.1% 

2/14 

 

8/37 

0/16 

27/46 

Total: 37/113 = 32.7% 

 

4/20 = 20.0% 

 

2/22 (notes instability but does not 

specify subluxation vs dislocation) 

3/10 

Total: 9/52 = 17.3% 

Conservative (n = 126): 38.1% 

Repair (n = 113): 32.7% 

Reconstruction (n = 52): 17.3% 

 

Table 4: Complications Identified in Each Study* 

Study Number Total Number of complications Complication type Total 

1 4/23 (Conservative) – 3 major, 1 minor 

5/14 (Repair) – 2 major, 3 minor 

 

Mild = knee pain, subluxation 

Major = not defined 

 

Conservative: 31/69 = 44.9% 

2 5/20 (Reconstruction) Subluxations Repair: 31/76 = 40.8% 

3 Not Reported Not Reported Reconstruction: 11/72 = 15.3% 

4 0/16 (Repair) 

3/22 (Reconstruction)  

2 – recurrent instability 

1- patellar fracture 

 

5 27/46 (Repair/Conservative) 

3/30 (Reconstruction) 

Instability – does not note subluxation vs 

redislocation 

 

 

* Study number in tables 2, 3, and 4 

1. Apostolovic et al. 2011 (7) 

2. Lind et al. 2016 (43) 

3. Askenberger et al. 2018 (17) 

4. Bryant and Pandya. 2018 (5) 

5. Gurusamy et al. 2021 (15)
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