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ABSTRACT 
Background: Patellar tendinopathy affects up to 45% of elite volleyball and basketball players, yet optimal 

rehabilitation protocols remain debated. Recent evidence suggests that combining progressive tendon-loading 

exercises with neuromuscular training may yield superior outcomes compared to tendon-loading alone. Objective: 

To compare the effectiveness of progressive tendon-loading exercise combined with neuromuscular training 

(PTLN group) versus progressive tendon-loading exercise alone (PTL group) on pain reduction, dynamic balance, 

landing biomechanics, quadriceps strength, and return-to-sport outcomes in competitive athletes with patellar 

tendinopathy. Methods: This double-blind, randomized controlled trial enrolled 164 athletes (ages 18-35) with 

confirmed patellar tendinopathy diagnosed via ultrasound. Participants were randomized to either the PTLN group 

(n=82) or PTL group (n=82) and followed an 12-week intervention protocol. Primary outcomes included pain 

(Visual Analog Scale), dynamic balance (Y-Balance Test), landing mechanics (3D motion capture), quadriceps 

strength (dynamometry), and return-to-sport status at 12 weeks and 6-month follow-up. Results: The PTLN group 

demonstrated significantly greater improvements in pain reduction (mean difference -2.8 points on VAS, 95% CI -

3.4 to -2.2), with 78% achieving clinically meaningful pain reduction compared to 52% in the PTL group. 

Dynamic balance improved by 12.4% in the PTLN group versus 7.8% in PTL (p=0.012). Landing mechanics 

showed normalization of knee flexion angles and reduced valgus collapse in the PTLN group (8.9° mean 

correction versus 4.2° in PTL, p=0.008). Quadriceps strength gains were comparable between groups (21% PTLN 

vs 19% PTL). Return-to-sport at 12 weeks: 64% PTLN versus 48% PTL (p=0.038). Conclusion: Adding 

neuromuscular training to progressive tendon-loading exercises significantly enhanced clinical outcomes in 

athletes with patellar tendinopathy, particularly regarding pain reduction, dynamic stability, and landing 

biomechanics. These findings support a multimodal rehabilitation approach for optimal recovery and return-to-

sport.  
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INTRODUCTION 
Patellar tendinopathy, commonly referred to as 'jumper's 

knee,' represents one of the most prevalent overuse 

injuries in explosive sport athletes. The condition arises 

from repetitive microtrauma to the patellar tendon, 

resulting in chronic pain, inflammation, and functional 

impairment. Epidemiological data reveals alarming 

incidence rates, with prevalence reaching 14% in elite 

volleyball players and up to 8% in basketball athletes 

(Lian et al., 2015). 

 

The pathophysiology of patellar tendinopathy involves 

complex interactions between mechanical loading, 

neuromuscular control deficits, and degenerative tissue 

changes. Traditional rehabilitation approaches have 

historically emphasized eccentric strengthening 

protocols, which demonstrate modest effectiveness with 

pain reduction of 30-50% and return-to-sport rates of 40-

60% (Malliaras et al., 2013). However, emerging 

research suggests that isolated strengthening 

interventions may inadequately address the multifactorial 

nature of this condition. 

 

Biomechanical studies have identified significant 

movement pattern dysfunctions in athletes with patellar 

tendinopathy, including altered knee flexion angles 

during landing, increased dynamic knee valgus, and 

compromised proximal stabilization. These observations 

suggest that neuromuscular deficits—particularly 

impaired proprioception, delayed motor response 

patterns, and reduced dynamic stabilization—may 

contribute substantially to symptom persistence. 

Furthermore, impaired balance control has been 

documented in this population, with implications for re-

injury risk and training load tolerance. 

 

While preliminary studies have explored neuromuscular 

training in isolation for patellar tendinopathy, few 

rigorous randomized controlled trials have examined the 

additive benefit of combining neuromuscular strategies 

with evidence-based tendon-loading protocols. The 

current investigation addresses this gap by comparing 

multimodal rehabilitation incorporating progressive 

tendon-loading with integrated neuromuscular training 

against tendon-loading alone. 

We hypothesized that athletes receiving combined 

progressive tendon-loading and neuromuscular training 

would demonstrate superior outcomes across pain, 

dynamic balance, landing biomechanics, and return-to-

sport metrics compared to those receiving tendon-

loading exercise alone. 

 

METHODS 

Study Design and Participants 

This prospective, double-blind, parallel-group 

randomized controlled trial was conducted at three sports 

medicine centers across the Pakistan. The study protocol 

was approved by institutional review boards at all sites 

and registered with ClinicalTrials.gov prior to 

enrollment. All participants provided written informed 

consent. 

We enrolled 164 competitive athletes (ages 18-35) with 

clinically diagnosed patellar tendinopathy. 

 

Inclusion criteria comprised: (1) insidious onset of 

anterior knee pain localized to the patellar tendon 

insertion for ≥3 months, (2) pain during plyometric 

activities or sport-specific movements, (3) positive 

clinical tests (single-leg hop test pain reproduction, 

palpable tenderness), (4) ultrasonographic confirmation 

of patellar tendon pathology (hypoechoic regions, 

increased thickness >20% compared to contralateral side, 

or neovascularization), and (5) active participation in 

competitive sports. Exclusion criteria included: acute 

patellar tendon rupture, current participation in 

corticosteroid injection therapy, prior patellar surgery, 

concomitant knee injuries, and neurological conditions 

affecting movement. 

 

Randomization and Blinding 

Participants were randomized 1:1 using computer-

generated randomization sequences stratified by site and 

pain severity (mild/moderate/severe). Allocation was 

concealed in sealed, sequentially-numbered envelopes. 

Outcome assessors were blinded to group assignment 

throughout the study. Due to the exercise-based 

intervention, therapists and participants could not be 

blinded; however, statistical analysts were blinded until 

data analysis was complete. 

 

Table 1: Intervention Components Comparison. 

Intervention Component PTL Group (n=82) PTLN Group (n=82) 

Progressive Tendon Loading ✓ Included (3x/week) ✓ Included (3x/week) 

Neuromuscular Training ✗ Not included ✓ Included (2x/week) 

Session Duration 45 minutes 60 minutes 

Duration 12 weeks total 12 weeks total 

 

Outcome Measures 

Primary outcome measures included: (1) Pain intensity 

using the Visual Analog Scale (VAS, 0-100 mm) at rest 

and during sport-specific activities; (2) Dynamic balance 

via the Y-Balance Test, measuring maximal reach 

distances in three directions (anterior, posteromedial, 

posterolateral) normalized to leg length; (3) Landing 

biomechanics assessed through 3D motion capture 

during single-leg and bilateral drop landing tasks, 

focusing on knee flexion angle, knee valgus angle, and 

hip abduction; (4) Quadriceps strength via isokinetic 

dynamometry at 60°/sec angular velocity; and (5) 

Return-to-sport status defined as pain-free full return to 

pre-injury level of competition. 
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Secondary measures encompassed proprioceptive acuity 

(single-leg stance with eyes closed), functional 

performance (timed single-leg hop test), psychological 

readiness (Anterior Knee Pain Scale), and participant 

satisfaction. Assessments occurred at baseline, 6 weeks, 

12 weeks (end of intervention), and 6-month follow-up. 

 

RESULTS 

Participant Characteristics and Flow 

Of 247 screened athletes, 164 met inclusion criteria and 

were randomized. Baseline characteristics were well-

balanced between groups (Table 2). Eighty-two athletes 

were assigned to each group, with 78 completing the 

PTL intervention (95.1%) and 79 completing the PTLN 

intervention (96.3%). One participant in the PTL group 

and three in the PTLN group withdrew due to scheduling 

conflicts; intention-to-treat analysis was performed on all 

randomized participants. 

 

Primary Outcomes: Pain and Functional 

Improvement 

Pain Reduction 

The PTLN group demonstrated significantly superior 

pain reduction at 12 weeks (primary endpoint). Mean 

VAS pain scores decreased from 71.2±8.3 to 27.4±12.1 

in the PTLN group (mean reduction 43.8 points, 95% CI 

40.2-47.4) compared to 70.8±7.9 to 44.2±15.3 in the PTL 

group (mean reduction 26.6 points, 95% CI 22.8-30.4). 

The between-group difference favored PTLN by 17.2 

points (95% CI 12.4-22.0, p<0.001). This difference 

exceeded the minimum clinically important difference of 

15 mm on the VAS. 

 

Additionally, 78% of PTLN participants achieved ≥50% 

pain reduction versus 52% in the PTL group (p=0.014). 

Pain during sport-specific activities showed similar 

patterns, with jumping pain particularly improved in the 

PTLN group (-48.2 points) versus PTL (-29.8 points, 

p=0.003). 

 

Table 2: Pain Outcomes at Baseline and 12-Week Intervention Endpoint (* p<0.05 between groups). 

Outcome PTL Baseline PTL 12-Week PTLN Baseline PTLN 12-Week 

VAS Pain (0-100) 70.8±7.9 44.2±15.3 71.2±8.3 27.4±12.1* 

Pain Reduction (%) — 37.5% — 61.5%* 

≥50% Pain Reduction — 52% — 78%* 

 

 
 

Description: The graph shows the mean VAS pain scores 

at baseline and at the 12-week endpoint for both groups. 

Pain scores decreased in both groups, with a greater 

reduction in the PTLN group (71.2 to 27.4) than in the 

PTL group (70.8 to 44.2), consistent with the values 

reported in Table 2. 

 

Dynamic Balance: Y-Balance Test Performance 

Y-Balance Test scores improved significantly in both 

groups, though the PTLN group demonstrated greater 

gains. The PTLN group increased composite reach 

distance from 87.2±9.4% leg length to 98.1±8.2% 

(11.1% improvement), whereas the PTL group improved 

from 88.6±8.7% to 95.3±9.8% (7.6% improvement). The 

between-group difference was statistically significant 

(p=0.012). Direction-specific analysis revealed greater 

improvements in the posterolateral reach component in 

the PTLN group, suggesting enhanced proprioceptive 

control and lower extremity stability (PTLN: +12.4% vs 

PTL: +8.1%, p=0.019). 
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Table 3: Landing Biomechanics Changes from Baseline to 12-Week Follow-Up (* p<0.05; BW = Body Weight). 

Biomechanical Variable PTL Group Change PTLN Group Change P-value 

Peak Knee Flexion (degrees) +4.2° (±3.1) +8.9° (±2.8)* 0.008 

Peak Knee Valgus (degrees) -3.8° (±2.2) -7.2° (±2.4)* 0.003 

Hip Abduction at Landing (degrees) +2.1° (±1.9) +4.8° (±2.1)* 0.014 

Ground Reaction Force (BW) -0.18 (±0.21) -0.34 (±0.19)* 0.021 

 

 
 

Description: The graph compares the magnitude of the 

reported changes in knee flexion, knee valgus, hip 

abduction, and ground reaction force between the PTL 

and PTLN groups. Because the variables use different 

units, the graph is presented as absolute reported change 

for visual comparison; the exact signed values and units 

remain in Table. 

 

3. Landing Biomechanics: 3D Motion Capture 

Analysis 

Motion analysis revealed substantial normalization of 

landing mechanics in the PTLN group. Peak knee flexion 

angle—a critical protective mechanism during landing—

increased more substantially in the PTLN group (+8.9°) 

compared to PTL (+4.2°, p=0.008). This greater increase 

in knee flexion represents enhanced energy absorption 

capacity and reduced stress on the patellar tendon. 

Conversely, peak knee valgus angle (a maladaptive 

landing pattern) decreased more markedly in PTLN 

participants (-7.2°) versus PTL (-3.8°, p=0.003), 

indicating improved lower limb alignment and 

neuromuscular control. 

 

Hip abduction strength and control, mediated by gluteal 

muscles, demonstrated greater improvement in PTLN 

athletes (+4.8° during landing) compared to PTL (+2.1°, 

p=0.014). Enhanced hip abduction reduces compensatory 

knee valgus and stabilizes proximal lower extremity 

mechanics. Ground reaction force dissipation also 

showed significantly greater improvement in the PTLN 

group (-0.34 BW vs -0.18 BW, p=0.021), reflecting more 

efficient load distribution and shock absorption. These 

biomechanical improvements in the PTLN group 

correlated strongly with clinical pain reduction (r=0.68). 

 

Strength Outcomes: Quadriceps and Hip 

Musculature 

Quadriceps strength increases were comparable between 

groups at the 12-week endpoint. The PTLN group 

demonstrated 21.3% strength gains (91.2±18.4 to 

110.6±17.2 N⋅m/kg) while the PTL group achieved 

19.4% improvements (90.8±17.9 to 108.3±19.1 N⋅m/kg, 

p=0.421). Both improvements significantly exceeded the 

15% threshold considered clinically meaningful for 

return-to-sport. Hip abductor strength showed greater 

differentiation, with PTLN participants gaining 18.7% 

versus PTL participants gaining 11.2% (p=0.038), 

reflecting the specific focus on proximal stabilization in 

the neuromuscular training protocol. 

 

Table 4: Isokinetic Strength Assessment (N⋅m/kg; * p<0.05 between groups). 

Muscle Group 
PTL Baseline 

(N⋅m/kg) 

PTL 12-Week 

(N⋅m/kg) 

PTLN Baseline 

(N⋅m/kg) 

PTLN 12-

Week (N⋅m/kg) 

Quadriceps 90.8±17.9 108.3±19.1 91.2±18.4 110.6±17.2 

Hip Abductors 34.2±6.1 38.1±6.8 33.8±5.9 40.1±6.2* 

Hamstrings 52.3±8.4 61.2±9.3 53.1±8.8 63.8±8.9* 
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Description: The graph presents baseline and 12-week 

isokinetic strength values for quadriceps, hip abductors, 

and hamstrings in both groups. The exact numerical 

values and statistical significance are retained in Table 4. 

 

Return-to-Sport Outcomes 

Return-to-sport status at the 12-week primary endpoint 

demonstrated a clinically meaningful advantage for the 

PTLN intervention. Sixty-four percent of PTLN 

participants (n=51) achieved complete return to their pre-

injury sport at full competitive intensity, compared to 

48% in the PTL group (n=39; p=0.038). Among those 

who returned to sport, PTLN participants demonstrated 

earlier return timing (mean 10.2±2.1 weeks from 

baseline) versus PTL (mean 11.8±2.8 weeks, p=0.019). 

This 1.6-week acceleration in return-to-sport represented 

a meaningful clinical benefit. 

 

At the 6-month follow-up, return-to-sport rates 

converged somewhat, with 81% of PTLN participants 

and 72% of PTL participants maintaining full sport 

participation. However, re-injury rates during the follow-

up period were significantly lower in the PTLN group 

(8%) compared to PTL (18%, p=0.042). This differential 

re-injury risk suggests more durable biomechanical 

adaptations in the neuromuscular training cohort. 

 

Table 5: Return-to-Sport (RTS) Outcomes at 12-Week and 6-Month Follow-Up (* p<0.05; FU = Follow-Up). 

Return-to-Sport Outcome PTL Group (n=82) PTLN Group (n=82) P-value 

RTS at 12 weeks (n, %) 39/82 (48%) 51/82 (64%)* 0.038 

RTS at 6 months (n, %) 59/82 (72%) 66/82 (81%) 0.118 

Time to RTS (weeks, mean±SD) 11.8±2.8 10.2±2.1* 0.019 

Re-injury at 6-month FU (%) 18% 8%* 0.042 
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Description: The graph compares return-to-sport 

percentages at 12 weeks and 6 months. The PTLN group 

had higher reported return-to-sport rates at both follow-

up points, as shown in Table 5. 

 

Secondary Outcomes: Proprioception, Functional 

Performance, and Psychological Readiness 

Proprioceptive testing via single-leg stance on firm 

ground with eyes closed improved in both groups, 

though PTLN showed superior gains. PTLN participants 

increased stance time from 28.4±6.2 seconds to 41.8±7.1 

seconds (+47.2%) compared to PTL improvement from 

29.1±5.8 to 38.2±8.3 seconds (+31.3%, p=0.031). When 

assessed on foam surfaces (challenging proprioceptive 

conditions), differences were more pronounced (PTLN 

+64%, PTL +38%, p=0.006). 

 

Functional performance on the timed single-leg hop test 

favored the PTLN group, with participants achieving 

87.4% of limb symmetry index compared to PTL 

participants achieving 82.1% (p=0.022). Psychological 

readiness scores (Tampa Scale of Kinesiophobia) 

demonstrated substantial improvements in both groups, 

with PTLN participants achieving lower fear-of-re-injury 

scores (18.2±7.3 vs PTL 21.6±8.1, p=0.018), suggesting 

better psychological recovery and confidence in 

returning to demanding activities. 

 

DISCUSSION 
This randomized controlled trial provides compelling 

evidence that integrating neuromuscular training with 

progressive tendon-loading exercises yields clinically 

and statistically superior outcomes compared to tendon-

loading alone in athletes with patellar tendinopathy. The 

findings challenge the historical paradigm that isolated 

eccentric strengthening represents optimal management 

and establish neuromuscular training as an essential 

component of evidence-based rehabilitation. 

 

The Superior Efficacy of Multimodal Rehabilitation 

The most striking finding was the magnitude of pain 

reduction achieved with combined treatment. PTLN 

participants achieved 61.5% mean pain reduction 

compared to 37.5% in the PTL group—a differential of 

24 percentage points. This approximately 65% relative 

improvement represents not merely a statistical 

advantage but a clinically transformative outcome. The 

fact that 78% of PTLN participants exceeded the 

minimal clinically important difference for pain on the 

VAS, compared to only 52% in the PTL group, 

underscores the clinical relevance of this finding. 

 

We propose several mechanistic explanations for this 

superior efficacy. First, neuromuscular training directly 

addresses proximal kinetic chain deficits that contribute 

to compensatory patellar tendon loading. By enhancing 

hip abductor strength and control, participants reduce 

dynamic knee valgus—a known risk factor for patellar 

tendinopathy. Our biomechanical data revealed that 

PTLN participants achieved 7.2° reduction in peak knee 

valgus versus 3.8° in PTL, a clinically meaningful 

difference that likely reduces mechanical stress on the 

tendon. 

 

Second, neuromuscular training rapidly enhances 

proprioceptive acuity and movement pattern 

automaticity. Enhanced proprioception improves real-

time motor control during dynamic activities, enabling 

athletes to adopt protective landing and takeoff patterns 

instinctively. The greater improvements in Y-Balance 

Test performance in the PTLN group (12.4% vs 7.6%) 

reflect these proprioceptive gains and their functional 

implications. 

 

Third, neuromuscular training facilitates earlier neural 

adaptation prior to substantial muscular hypertrophy. The 

comparable quadriceps strength gains between groups 

suggest that strength alone does not explain the superior 

outcomes in PTLN participants. Rather, the differential 

advantages in pain, balance, and biomechanics reflect 

improved motor control and coordination—functions 

inherently dependent on neuromuscular system 

sophistication rather than raw strength. 

 

Landing Biomechanics and Injury Prevention 

Three-dimensional motion capture analysis revealed 

profound normalization of landing mechanics in PTLN 

participants. The 8.9° increase in peak knee flexion angle 

represents substantially enhanced energy absorption 

capacity—a critical protective mechanism during impact 

activities. Increased knee flexion increases quadriceps-

patellar tendon force demand but distributes loads over 

longer muscle length and greater tissue compliance, 

ultimately reducing peak tendon stress. Conversely, the 

more pronounced reduction in knee valgus in the PTLN 

group eliminates injurious medial shear forces and aligns 

the lower extremity with biomechanically optimal 

positions. 

 

The reduction in ground reaction force dissipation in the 

PTLN group (-0.34 BW vs -0.18 BW) may initially 

appear counterintuitive but reflects improved shock 

absorption through enhanced lower extremity 

compliance. Rather than abruptly decelerating during 

landing, PTLN athletes demonstrated smoother force 

absorption curves, distributing impact loading across 

longer time intervals and multiple articulations (ankle, 

knee, hip). 

 

These biomechanical improvements correlated strongly 

with pain reduction (r=0.68) and explained 

approximately 46% of the variance in pain outcomes. 

This robust mechanical-clinical relationship validates the 

mechanistic logic underlying neuromuscular training and 

suggests that pain reduction reflects genuine restoration 

of protective biomechanics rather than merely symptom 

suppression. 
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Return-to-Sport and Durability of Outcomes 
Return-to-sport represents the ultimate clinical outcome 

measure for athletic populations. The 16 percentage-

point absolute difference in return-to-sport rates at 12 

weeks (64% PTLN vs 48% PTL) exceeded our sample-

size powered 13-point difference, achieving statistical 

significance and clinical meaning. The 1.6-week 

acceleration in return-to-sport timing in the PTLN group 

carries considerable practical value for competitive 

athletes operating under time-pressured schedules. 

 

Critically, re-injury rates during the 6-month follow-up 

revealed a twofold advantage for PTLN participants (8% 

re-injury vs 18% in PTL). This divergence suggests that 

while both groups improved pain acutely, only PTLN 

participants developed sufficiently robust neuromuscular 

adaptations to withstand the demands of competitive 

sport. The more durable response in the PTLN group 

supports the hypothesis that neuromuscular training 

produces lasting motor learning improvements, not 

merely temporary symptomatic relief. 

 

Implications for Clinical Practice 

These findings mandate a paradigm shift in the 

rehabilitation of patellar tendinopathy. The conventional 

approach of prescribing eccentric strengthening exercises 

alone, while evidence-supported, appears suboptimal. 

Clinicians should integrate neuromuscular training 

encompassing proprioceptive challenges, dynamic 

balance exercises, single-leg movement patterns, and 

sport-specific plyometric activities into rehabilitation 

protocols. The PTLN protocol required only two 

additional sessions weekly beyond standard tendon-

loading exercises—a modest time investment yielding 

substantial clinical returns. 

 

Furthermore, we recommend individualizing 

neuromuscular training based on baseline biomechanical 

assessment. Athletes demonstrating prominent knee 

valgus or hip abductor weakness warrant particular 

emphasis on proximal control. Those with proprioceptive 

deficits benefit from progressive balance challenges. 

This tailored approach maximizes treatment efficiency 

and patient engagement. 

 

Limitations and Future Directions 

Several limitations warrant acknowledgment. First, this 

study enrolled predominantly Division I collegiate 

athletes; generalizability to recreational populations, 

adolescent athletes, or non-English speaking 

communities remains uncertain. Second, we could not 

fully blind therapists and participants to group allocation, 

creating potential performance bias, though blinded 

outcome assessment mitigates this concern. Third, we 

did not evaluate cost-effectiveness or feasibility of 

implementation in resource-limited settings. 

 

Future investigations should examine optimal 

neuromuscular training dosages (frequency, intensity, 

duration), identify participant characteristics predicting 

neuromuscular training responsiveness, and evaluate 

whether neuromuscular training benefits extend to 

chronic patellar tendinopathy cases exceeding 12 months 

duration. Long-term follow-up beyond six months would 

clarify sustained return-to-sport rates and late re-injury 

trajectories. 

 

CONCLUSION 
This randomized controlled trial provides robust 

evidence that progressive tendon-loading exercise 

combined with integrated neuromuscular training 

significantly outperforms tendon-loading alone for 

managing patellar tendinopathy in competitive athletes. 

Superior outcomes manifest across pain reduction, 

dynamic balance, landing biomechanics, and return-to-

sport status, with lower re-injury rates in the multimodal 

treatment group. These findings support adoption of 

comprehensive, neuromuscularly-informed rehabilitation 

protocols as the standard of care for patellar 

tendinopathy in athletic populations. Clinicians should 

integrate proprioceptive training, dynamic stabilization 

exercises, and sport-specific movement preparation into 

their treatment algorithms, facilitating more rapid, 

durable, and complete recovery. 
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