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Abstract 
Background: Delayed rehabilitation after anterior cruciate ligament reconstruction (ACLR) may result in persistent pain, muscle 
weakness, impaired balance, and functional limitations despite successful surgical healing. Evidence regarding advanced 
physiotherapy management in patients who initiate rehabilitation several months after surgery remains limited. 
Objective: To describe the clinical outcomes of Phase III and transitional Phase IV physiotherapy rehabilitation in a patient with 
delayed recovery following ACLR. 
Methods: This case report involved a 17-year-old male who underwent right ACLR using a hamstring tendon autograft and did not 
receive structured physiotherapy for approximately seven months after surgery. A four-week criterion-based rehabilitation program 
(eight sessions) consisting of strengthening, proprioceptive, neuromuscular, balance, and agility exercises was implemented. 
Outcomes included Numeric Rating Scale (NRS), knee range of motion (ROM), muscle strength, thigh muscle girth, and Y Balance 
Test performance. 
Results: Movement pain decreased from 7/10 to 2/10, while resting and tenderness pain resolved completely. Knee flexion ROM 
improved from 140° to 145°. Hamstring strength increased from 110 mmHg to 130 mmHg (+18.2%). Thigh girth increased by 2 cm 
at all measurement sites. Y Balance Test composite score improved from 76% to 89% (+17.1%), indicating enhanced dynamic 
balance and neuromuscular control. 
Conclusion: Criterion-based Phase III and transitional Phase IV rehabilitation was associated with improvements in pain, hamstring 
strength, muscle girth, dynamic balance, and functional performance in a patient who initiated rehabilitation seven months after ACLR. 
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Introduction 

Anterior cruciate ligament (ACL) injury is one of the most common knee injuries among physically active individuals and 
athletes, particularly during activities involving pivoting, cutting, landing, and rapid deceleration. The ACL serves an essential 
biomechanical function by limiting anterior tibial translation, contributing to rotational stability, and providing proprioceptive input 
required for coordinated lower-extremity movement. ACL rupture may result in joint instability, impaired neuromuscular control, 
decreased functional performance, reduced sports participation, and an increased risk of secondary knee injury. Consequently, ACL 
reconstruction (ACLR) is frequently recommended for young and active individuals to restore mechanical stability and facilitate return 
to physical activity and sports participation.1,2 

Although ACLR effectively restores structural knee stability, surgical reconstruction alone does not guarantee complete 
functional recovery. Contemporary evidence indicates that many patients continue to experience deficits in muscle strength, dynamic 
balance, movement symmetry, proprioception, and neuromuscular control long after surgery.1,3,4 Persistent functional impairments 
may compromise athletic performance, delay return-to-sport progression, and increase the risk of reinjury despite satisfactory surgical 
outcomes. Therefore, postoperative physiotherapy rehabilitation is considered a fundamental component of ACLR management and 
is increasingly recognized as equally important as the surgical procedure itself.1,3 

Over the past decade, ACL rehabilitation has evolved from a predominantly time-based approach toward a criterion-based 
rehabilitation model. Current clinical practice guidelines emphasize that rehabilitation progression should be guided by objective 
clinical and functional criteria rather than postoperative duration alone.1,4,5 Variables such as pain levels, range of motion (ROM), 
muscle strength symmetry, movement quality, dynamic balance, neuromuscular control, and psychological readiness are now 
considered critical indicators for progression through rehabilitation phases and return-to-sport decision-making.4,6 This individualized 
approach aims to optimize recovery while reducing the risk of recurrent ACL injury, which remains a substantial clinical concern 
among physically active populations.3,4 

Phase III and transitional Phase IV rehabilitation represent critical stages of ACL recovery because they focus on restoring 
advanced functional capacity through progressive strengthening, proprioceptive training, neuromuscular re-education, dynamic 
balance exercises, landing control, and agility progression. During these phases, rehabilitation aims to address residual deficits that 
frequently persist after surgery, including altered movement mechanics, impaired postural control, lower-extremity asymmetry, and 
decreased sensorimotor function.1,4,7 Several studies have demonstrated that neuromuscular and proprioceptive interventions can 
significantly improve dynamic stability, movement efficiency, and functional performance while contributing to safer return-to-sport 
progression.7–9  

Despite substantial advances in ACL rehabilitation, delayed initiation of postoperative physiotherapy remains a clinically 
relevant challenge. In routine clinical practice, some patients fail to receive structured rehabilitation immediately after surgery because 
of limited access to rehabilitation services, insufficient postoperative education, financial constraints, or a lack of awareness regarding 
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the importance of physiotherapy. As a result, patients may present several months after surgery with persistent impairments, including 
pain, muscle weakness, reduced ROM, impaired balance, neuromuscular deficits, and functional limitations despite adequate surgical 
healing.2,4 Delayed rehabilitation may also negatively affect long-term prognosis by prolonging recovery, increasing compensatory 
movement patterns, and delaying achievement of functional milestones required for higher-level activities and sports participation.10  

Recent literature has highlighted the importance of identifying residual functional deficits rather than relying solely on 
chronological postoperative timelines.1,3,4 Studies have reported that clinically meaningful deficits in dynamic balance, strength 
symmetry, neuromuscular control, and movement quality may persist beyond six months after ACLR, particularly in individuals who 
do not undergo comprehensive rehabilitation.7,9,11 These findings suggest that postoperative duration alone is an inadequate indicator 
of functional readiness and reinforce the rationale for criterion-based rehabilitation approaches in patients with delayed recovery 
progression. 

Although numerous studies have investigated ACL rehabilitation outcomes, most published reports focus on early 
postoperative management or standard rehabilitation pathways initiated shortly after surgery. Evidence describing patients who begin 
structured physiotherapy more than six months after ACLR remains limited, particularly during advanced rehabilitation phases 
involving Phase III and transitional Phase IV progression.1,3 Furthermore, few case reports have comprehensively documented clinical 
reasoning, rehabilitation progression, and functional outcomes in patients who are chronologically advanced postoperatively but 
continue to demonstrate substantial functional deficits. This gap in the literature creates uncertainty regarding appropriate 
rehabilitation strategies and progression criteria for delayed rehabilitation cases encountered in everyday physiotherapy practice. 
The clinical relevance of this issue is considerable because delayed rehabilitation is frequently encountered in musculoskeletal and 
sports physiotherapy settings, particularly in developing healthcare systems where access to postoperative rehabilitation may be 
inconsistent. Understanding whether meaningful functional recovery can still be achieved despite prolonged delays in rehabilitation 
initiation may assist clinicians in developing individualized treatment plans, setting realistic expectations, and making evidence-
informed decisions regarding progression toward higher-level functional activities and return-to-sport readiness. 

Therefore, this case report aimed to describe the physiotherapy management and clinical outcomes of a patient who initiated 
structured rehabilitation approximately seven months after ACL reconstruction and subsequently underwent Phase III and transitional 
Phase IV criterion-based rehabilitation. It was hypothesized that a rehabilitation program emphasizing strengthening, neuromuscular 
re-education, proprioceptive training, balance exercises, and agility progression would be associated with improvements in pain, 
ROM, muscle strength, dynamic balance, and functional performance despite delayed rehabilitation initiation. By documenting this 
uncommon clinical presentation, the present report seeks to contribute additional evidence regarding the management of delayed 
postoperative recovery following ACL reconstruction and to support the implementation of individualized criterion-based rehabilitation 
in contemporary physiotherapy practice. 
 
Methods 

This study was conducted as a single-patient case report following the CARE (CAse REport) guideline to describe the 
physiotherapy management and clinical outcomes of a patient with delayed recovery following anterior cruciate ligament 
reconstruction (ACLR). The report focused on the implementation of criterion-based Phase III and transitional Phase IV rehabilitation 
in a patient who initiated structured physiotherapy approximately seven months after surgery. 

The participant was a 17-year-old male recreational football player who sustained a non-contact right knee injury during a 
football match involving a sudden change of direction. Following clinical examination and magnetic resonance imaging (MRI), the 
patient was diagnosed with a complete ACL rupture and subsequently underwent ACL reconstruction using a hamstring tendon 
autograft on January 27, 2025. Before injury, he participated in recreational football three to four times per week and reported no 
previous history of knee injury, lower-extremity surgery, neurological disorders, or other medical conditions that could influence 
rehabilitation outcomes. 

Following surgery, the patient did not receive structured physiotherapy rehabilitation for approximately seven months 
because he was unaware of the importance of postoperative rehabilitation after ACL reconstruction. Although daily activities gradually 
improved, he continued to experience movement-related knee pain, hamstring weakness, impaired balance, reduced confidence 
during unilateral loading activities, and difficulty performing higher-level functional tasks. Consequently, he presented to the Medical 
Rehabilitation Department of KRMT Wongsonegoro Hospital, Semarang, Indonesia, for physiotherapy assessment and management. 

A comprehensive baseline assessment was performed before intervention to identify residual impairments and determine 
the appropriate rehabilitation phase. The baseline findings are presented in Table 1. 
 
Table 1. Baseline Clinical Assessment Findings 

Outcome Measure Instrument Right/Involved Side Left/Uninvolved Side 

Resting pain Numeric Rating Scale (NRS) 2/10 0/10 

Tenderness pain Numeric Rating Scale (NRS) 4/10 0/10 

Movement pain Numeric Rating Scale (NRS) 7/10 0/10 

Knee flexion ROM Universal goniometer 140° 150° 

Quadriceps strength Modified sphygmomanometer test 120 mmHg 140 mmHg 

Hamstring strength Modified sphygmomanometer test 110 mmHg 130 mmHg 

Muscle girth (5 cm above patella) Measuring tape 41 cm 43.5 cm 

Muscle girth (10 cm above patella) Measuring tape 50 cm 55 cm 

Muscle girth (15 cm above patella) Measuring tape 55 cm 60.5 cm 

Y Balance Test composite score Y Balance Test 76% Not assessed 

The baseline findings demonstrated persistent movement-related pain, hamstring weakness, thigh muscle atrophy, and 
impaired dynamic balance despite the patient being approximately eight months postoperative. Based on these findings, the patient 
was classified within Phase III rehabilitation according to functional criteria rather than postoperative chronology. 
To comply with CARE recommendations, the clinical course of the patient is summarized below and can subsequently be converted 
into a visual timeline. 

The clinical timeline of the patient’s ACL injury and rehabilitation is presented in Figure 1. The sequence begins with a 
football-related ACL injury, followed by clinical examination and MRI confirmation of complete ACL rupture and subsequent ACL 
reconstruction using a hamstring tendon autograft on January 27, 2025. Approximately seven months without structured 
physiotherapy rehabilitation was followed by persistent pain, muscle weakness, balance deficits, and functional limitations. The 
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patient subsequently underwent an initial physiotherapy evaluation in September 2025 and was classified as being in Phase III 
rehabilitation based on functional criteria. A four-week physiotherapy intervention consisting of eight sessions was then implemented, 
with reassessment at week 2, progression toward transitional Phase IV rehabilitation, and final evaluation at week 4. 

 
Figure 1. Clinical Timeline of ACL Injury and Physiotherapy Rehabilitation 

Pain intensity was assessed using the Numeric Rating Scale (NRS), which has demonstrated excellent reliability and 
responsiveness in musculoskeletal populations.12 Knee range of motion (ROM) was measured using a universal goniometer, a valid 
and reliable instrument for knee joint assessment.13 Muscle strength was evaluated using a modified sphygmomanometer test, which 
has shown good validity and reliability as an alternative to handheld dynamometry for lower-extremity muscle testing.14 During 
assessment, the cuff was pre-inflated to 20 mmHg and positioned consistently according to the tested muscle group. Three maximal 
isometric contractions were performed, and the highest value was recorded. Thigh muscle girth was measured using a non-elastic 
measuring tape at standardized locations 5 cm, 10 cm, and 15 cm proximal to the superior border of the patella. Dynamic balance 
and neuromuscular control were assessed using the Y Balance Test, which has demonstrated excellent reliability for evaluating 
unilateral dynamic postural control.15 Composite scores were calculated by normalizing reach distances to limb length according to 
established procedures.15 

The rehabilitation program was conducted over four weeks with a total of eight supervised physiotherapy sessions delivered 
by the same physiotherapist to ensure treatment consistency. The intervention emphasized strengthening, proprioceptive training, 
neuromuscular re-education, balance exercises, landing control, and agility progression. The intervention protocol is presented in 
Table 2. 
 
Table 2. Physiotherapy Rehabilitation Program 

Category Exercise Dosage 

Range of motion Wall climb squat 3 sets × 5 repetitions 

Strengthening Lunges (6 kg) 3 sets × 5 repetitions 

Strengthening Squats (6 kg) 3 sets × 5 repetitions 

Strengthening Smith machine squat 5 sets × 10 repetitions at 85% 1RM 

Strengthening Hamstring curl 5 sets × 10 repetitions at 85% 1RM 

Strengthening Quadriceps curl 5 sets × 10 repetitions at 85% 1RM 

Strengthening Leg press 3 sets × 10 repetitions at 85% 1RM 

Balance and proprioception BOSU lunges 3 sets × 5 repetitions 

Balance and proprioception BOSU squats 3 sets × 5 repetitions 

Balance and proprioception Passing drills on BOSU 1 set × 10 repetitions 

Balance and proprioception Star Excursion Balance Training 3 sets × 10 repetitions 

Balance and proprioception Landing drills on BOSU 3 sets × 10 repetitions 

Agility Cone jogging drills 3 sets × 5 repetitions 

Agility Cone skipping and ladder drills 3 sets × 5 repetitions 
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Exercise progression was individualized according to pain response, movement quality, dynamic balance performance, and 
exercise tolerance. Progression from Phase III toward transitional Phase IV rehabilitation required movement pain ≤3/10, near-
symmetrical knee ROM, adequate single-leg balance performance, controlled landing mechanics, and successful completion of agility 
tasks without symptom exacerbation.4,16,17 

In addition to supervised sessions, the patient completed a home exercise program consisting of active ROM exercises, 
stretching, bodyweight squats, step-up exercises, and single-leg balance training three times per week. Adherence was monitored 
through exercise logs and therapist interviews. Attendance during supervised sessions reached 100%, while adherence to the home 
exercise program was estimated at approximately 90%. 

Outcome measures including NRS, ROM, muscle strength, muscle girth, and Y Balance Test performance were assessed 
at baseline, week 2, and week 4. Throughout the intervention period, the patient was monitored for adverse events, including 
increased pain, swelling, episodes of instability, or exercise-related injuries. 

Because this report involved a single patient, data were analyzed descriptively. Results were presented as absolute values, 
percentage changes, and clinical interpretations of progression over time. The analysis focused on changes in pain intensity, knee 
mobility, muscle performance, dynamic balance, neuromuscular control, and functional capacity throughout the rehabilitation period. 

Written informed consent was obtained from the patient and his legal guardian for participation and publication of 
anonymized clinical information. The patient specifically consented to the publication of clinical findings, rehabilitation procedures, 
and outcome data. Ethical approval was not required because this manuscript reports a single clinical case managed as part of 
routine physiotherapy practice without experimental procedures or research-related interventions. All procedures were performed in 
accordance with the ethical principles of the Declaration of Helsinki. 
 
Results 

The patient completed the four-week rehabilitation program consisting of eight supervised physiotherapy sessions without 
interruption. Attendance during supervised treatment sessions was 100%, while adherence to the prescribed home exercise program 
was approximately 90% based on exercise logs and therapist verification. No adverse events, episodes of knee instability, excessive 
pain exacerbation, or exercise-related injuries were reported throughout the intervention period. 

To evaluate rehabilitation progression, clinical outcomes were assessed at baseline, week 2, and week 4. Overall, 
progressive improvements were observed in pain intensity, knee mobility, hamstring strength, muscle girth, dynamic balance, and 
functional performance throughout the intervention period. 

The primary clinical outcomes are summarized in Table 3. 
 
Table 3. Clinical Outcome Progression During Rehabilitation 

Outcome Baseline Week 2 Week 4 Percentage Change 

Resting pain (NRS) 2/10 1/10 0/10 −100% 

Tenderness pain (NRS) 4/10 2/10 0/10 −100% 

Movement pain (NRS) 7/10 4/10 2/10 −71.4% 

Knee flexion ROM 140° 143° 145° +3.6% 

Hamstring strength 110 mmHg 120 mmHg 130 mmHg +18.2% 

Quadriceps strength 120 mmHg 120 mmHg 120 mmHg 0% 

Y Balance composite score 76% 83% 89% +17.1% 

As shown in Table 3, clinically meaningful improvements were observed across most outcome measures. Movement-related 
pain decreased from 7/10 at baseline to 2/10 at week 4, while resting pain and tenderness pain resolved completely. Improvements 
were already evident at week 2 and continued until the final evaluation. Hamstring strength increased progressively from 110 mmHg 
to 130 mmHg, whereas quadriceps strength remained unchanged throughout the intervention period. Dynamic balance also improved 
substantially, as reflected by the increase in Y Balance Test composite score from 76% to 89%. 

Changes in thigh muscle girth throughout rehabilitation are presented in Table 4. 
 
Table 4. Anthropometric Muscle Girth Progression 

Measurement Site Baseline Week 2 Week 4 Change 

5 cm above patella 41 cm 42 cm 43 cm +2 cm 

10 cm above patella 50 cm 51 cm 52 cm +2 cm 

15 cm above patella 55 cm 56 cm 57 cm +2 cm 

As presented in Table 4, gradual increases in thigh circumference were observed at all measurement locations. 
Improvements occurred consistently throughout the intervention period and suggested recovery of lower-extremity muscle mass 
following progressive strengthening exercises and increased functional loading. Although asymmetry between limbs remained, the 
overall trend indicated positive muscular adaptation. 

Because restoration of dynamic balance and neuromuscular control represented major rehabilitation goals, detailed Y 
Balance Test outcomes are presented separately in Table 5. 
 
Table 5. Y Balance Test Outcomes 

Direction Baseline Week 4 Percentage Change 

Anterior 56 cm 64 cm +14.3% 

Posterolateral 85 cm 95 cm +11.8% 

Posteromedial 70 cm 89 cm +27.1% 

Composite Score 76% 89% +17.1% 

Improvements were observed in all reach directions. The largest increase occurred in the posteromedial direction (+27.1%), 
followed by the anterior direction (+14.3%). These findings indicated enhanced unilateral stability, improved neuromuscular control, 
and better coordination during multidirectional movement tasks. The increase in composite score suggested meaningful improvement 
in dynamic balance performance and functional lower-extremity control. 

In addition to quantitative outcomes, functional progression was observed throughout the rehabilitation process. At baseline, 
the patient demonstrated compensatory loading patterns, reduced confidence during unilateral stance, impaired balance during 
BOSU-based activities, and difficulty performing dynamic movements. By week 2, improvements in movement symmetry, postural 
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control, and loading tolerance became evident. During the final week of intervention, the patient successfully completed BOSU 
stabilization exercises, landing drills, multidirectional balance training, cone jogging, and ladder exercises without symptom 
exacerbation. 

The rehabilitation goals established at baseline included reducing movement pain to ≤3/10, improving knee flexion ROM, 
increasing hamstring strength, restoring dynamic balance, and progressing safely toward transitional Phase IV rehabilitation activities. 
All predefined rehabilitation goals were achieved by the final evaluation. The patient met the functional criteria for progression to 
higher-level rehabilitation activities based on improvements in pain levels, movement quality, balance performance, and functional 
loading tolerance. 

Return-to-sport readiness was evaluated clinically using symptom response, movement quality, balance performance, and 
functional task execution. Although substantial improvements were observed, unrestricted return to competitive sport was not 
recommended at the end of the intervention period because residual asymmetry in strength and muscle girth remained. Therefore, 
the patient was considered suitable for continued advanced rehabilitation but had not yet achieved full return-to-sport readiness. 
Patient Perspective 

The patient reported greater confidence when loading the operated limb during daily and exercise-related activities. He 
perceived a substantial reduction in knee pain and improved stability during walking, stair negotiation, squatting, and sport-related 
movements. The patient also expressed satisfaction with the rehabilitation program because he had previously believed that the 
prolonged delay in initiating physiotherapy would permanently limit his recovery. Following intervention, he reported increased 
confidence regarding future participation in recreational physical activity and sport. 
 
Discussion 

This case report described the clinical outcomes of a criterion-based Phase III and transitional Phase IV physiotherapy 
rehabilitation program in a patient who initiated structured rehabilitation approximately seven months after anterior cruciate ligament 
reconstruction (ACLR). Despite being eight months postoperative at the time of physiotherapy assessment, the patient continued to 
demonstrate clinically meaningful impairments, including movement-related pain, hamstring weakness, reduced thigh muscle girth, 
impaired dynamic balance, and decreased functional loading tolerance. Following four weeks of rehabilitation, improvements were 
observed across multiple outcome domains, including pain intensity, knee flexion range of motion (ROM), hamstring strength, muscle 
girth, dynamic balance, and functional performance. These findings support the importance of functional assessment and criterion-
based progression when managing patients with delayed postoperative recovery.1,3,4 

One of the most notable findings in this case was the substantial improvement in dynamic balance performance, as 
demonstrated by the increase in Y Balance Test composite score from 76% to 89%. Dynamic balance is frequently impaired following 
ACL injury because disruption of ligament mechanoreceptors may alter proprioceptive feedback, neuromuscular coordination, and 
postural control.7,9 Although ACL reconstruction restores mechanical stability, deficits in sensorimotor function often persist long after 
surgery and may contribute to altered movement patterns and reduced functional performance.7 The improvement observed in the 
present case likely reflects the combined effects of proprioceptive training, BOSU-based stabilization exercises, Star Excursion 
Balance Training, and progressive functional loading. Previous studies have similarly reported that neuromuscular and balance-
oriented rehabilitation can improve dynamic stability, movement symmetry, and lower-extremity control following ACL 
reconstruction.7,9,18 

The improvement in Y Balance Test performance is clinically relevant because dynamic balance has been associated with 
functional readiness and injury-risk reduction during advanced rehabilitation stages.19 Persistent asymmetry in balance performance 
may contribute to compensatory movement strategies and increase biomechanical stress on the reconstructed knee during sport-
related activities.20 Although the patient demonstrated substantial improvement, the final score should not be interpreted as evidence 
of complete recovery. Instead, it suggests meaningful restoration of neuromuscular function while reinforcing the need for continued 
rehabilitation before unrestricted sports participation. This interpretation aligns with contemporary return-to-sport frameworks, which 
recommend integrating balance, strength, movement quality, and functional testing when evaluating readiness for higher-level 
activity.1,3,4 

Pain reduction represented another clinically important outcome. Movement-related pain decreased from 7/10 to 2/10, while 
resting pain and tenderness pain resolved completely. Persistent pain after ACL reconstruction has been associated with altered 
movement patterns, muscular inhibition, reduced loading confidence, and incomplete neuromuscular recovery.2,4 In the present case, 
pain reduction was accompanied by improved functional loading tolerance and greater confidence during unilateral activities. These 
findings suggest that progressive strengthening and neuromuscular rehabilitation may have improved load distribution and movement 
efficiency around the knee joint, thereby reducing mechanical stress during daily and sport-related tasks. 

Although knee flexion ROM improved only modestly from 140° to 145°, the clinical significance of this change should be 
interpreted within the context of the patient's postoperative status. Because the patient was already eight months postoperative, 
substantial gains in passive mobility would not typically be expected.4 More importantly, the increase in ROM was accompanied by 
improved movement quality during squatting, landing, and agility-related activities. Therefore, the observed improvement likely 
reflects enhanced functional utilization of available ROM rather than a purely mechanical increase in joint mobility. 

The increase in hamstring strength observed during rehabilitation may have played a central role in the patient's functional 
improvement. Hamstring muscles contribute to dynamic stabilization of the knee by resisting anterior tibial translation and supporting 
neuromuscular control during movement.2 Residual hamstring weakness is frequently reported following ACL reconstruction using 
hamstring tendon autografts because graft harvesting may compromise muscular performance during the recovery period.4 The 
strengthening interventions implemented in this case, including hamstring curls, lunges, squats, and leg press exercises, likely 
facilitated neuromuscular adaptation and improved force-generating capacity. Enhanced hamstring function may also have 
contributed to the observed improvements in balance performance, landing control, and unilateral loading tolerance. 

Interestingly, quadriceps strength remained unchanged throughout the intervention period. Several factors may explain this 
finding. First, baseline quadriceps strength was relatively well preserved compared with hamstring performance, limiting the potential 
for substantial measurable improvement. Second, the four-week intervention period may have been insufficient to induce detectable 
changes in quadriceps strength. Third, the modified sphygmomanometer test may have limited sensitivity for identifying subtle 
strength gains in patients with relatively high baseline values. Importantly, the absence of measurable quadriceps improvement 
should not be interpreted as a lack of functional recovery because improvements were observed in multiple other clinically relevant 
outcomes. Similar discrepancies between isolated strength measures and broader functional performance outcomes have been 
reported in previous ACL rehabilitation studies.9,21,22 
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A particularly important aspect of this case is the persistence of functional deficits despite the patient being approximately 
eight months postoperative. This finding highlights a critical limitation of relying solely on chronological postoperative milestones 
when evaluating rehabilitation progression. Contemporary evidence consistently demonstrates that biological healing does not 
necessarily correspond with restoration of strength symmetry, dynamic balance, neuromuscular control, or movement quality.1,3,5 In 
the present case, the absence of structured rehabilitation for approximately seven months likely contributed to persistent impairments 
despite successful surgical reconstruction. Consequently, the patient remained functionally within Phase III rehabilitation even though 
he had progressed far beyond the corresponding postoperative timeline. 

The delayed initiation of rehabilitation may also have implications for long-term prognosis. Failure to address deficits in 
strength, proprioception, and movement control may contribute to prolonged functional limitations, altered biomechanics, reduced 
physical activity participation, and potentially increased risk of secondary injury.10 Although meaningful improvements were achieved 
during the intervention period, residual asymmetry remained at the final evaluation, particularly in muscle girth and strength outcomes. 
These findings suggest that delayed rehabilitation may prolong the recovery process and require additional rehabilitation exposure 
before optimal functional restoration can be achieved. 

Several alternative explanations should also be considered when interpreting the results. Because this report describes a 
single patient without a comparison condition, it is not possible to establish a direct causal relationship between the intervention and 
observed outcomes. Natural recovery processes, increased activity levels, repeated exposure to testing procedures, and 
psychological adaptation may have contributed to some degree of improvement. However, the patient had experienced persistent 
deficits for several months before initiating physiotherapy, suggesting that spontaneous recovery alone is unlikely to explain the 
consistent improvements observed across multiple outcome measures during the intervention period. Nevertheless, the descriptive 
nature of the study design precludes definitive conclusions regarding treatment effectiveness. 

From a clinical perspective, this case emphasizes the importance of patient education regarding postoperative rehabilitation 
following ACL reconstruction.23 The primary reason for delayed rehabilitation in this patient was a lack of awareness regarding the 
necessity of structured physiotherapy after surgery. This finding highlights the need for improved communication between surgeons, 
physiotherapists, and patients to ensure timely rehabilitation referral and adherence.23 Additionally, the case reinforces the value of 
objective assessment of pain, strength, balance, and functional performance when determining rehabilitation progression, particularly 
in patients presenting with delayed recovery. 

Several limitations should be acknowledged. First, this report involved only a single patient, limiting the generalizability of 
the findings. Second, long-term follow-up was not performed, preventing evaluation of sustained outcomes and eventual return-to-
sport status. Third, biomechanical analysis, motion analysis, and electromyographic assessment were not included. Fourth, 
standardized patient-reported outcome measures were not collected; therefore, subjective perceptions of knee function and quality 
of life could not be quantified alongside objective clinical improvements. Finally, psychological factors known to influence ACL 
rehabilitation outcomes, such as fear of reinjury and return-to-sport confidence, were not assessed.24 Future studies should 
incorporate validated patient-reported and psychological outcome measures, longer follow-up periods, and larger samples to better 
understand rehabilitation outcomes in patients with delayed postoperative recovery. 

Overall, this case demonstrates that criterion-based Phase III and transitional Phase IV rehabilitation may be associated 
with meaningful improvements in pain, hamstring strength, dynamic balance, muscle girth, and functional performance in patients 
who initiate rehabilitation several months after ACL reconstruction. However, the findings should be interpreted as descriptive 
observations from a single case and should not be generalized without further investigation. 
 
Conclusion 

This case report demonstrated that a criterion-based Phase III and transitional Phase IV physiotherapy rehabilitation 
program was associated with improvements in pain intensity, hamstring strength, thigh muscle girth, dynamic balance, and functional 
performance in a patient who initiated structured rehabilitation approximately seven months after anterior cruciate ligament 
reconstruction. Despite being eight months postoperative, the patient continued to exhibit clinically meaningful functional deficits, 
indicating that postoperative duration alone may not accurately reflect recovery status or rehabilitation readiness. 

The findings highlight the importance of individualized rehabilitation progression based on objective clinical and functional 
criteria rather than chronological postoperative milestones. Comprehensive assessment of pain, muscle performance, dynamic 
balance, and movement quality may assist physiotherapists in identifying persistent deficits and guiding appropriate rehabilitation 
strategies in patients presenting with delayed recovery following ACL reconstruction. 

From a clinical perspective, this case underscores the importance of early patient education regarding the necessity of 
postoperative physiotherapy after ACL reconstruction. Delayed rehabilitation may contribute to prolonged functional impairments; 
however, meaningful functional improvements may still be achieved through structured rehabilitation emphasizing strengthening, 
neuromuscular re-education, proprioceptive training, balance exercises, and progressive functional activities. 

Because this report describes a single clinical case, the findings should be interpreted with caution and cannot be 
generalized to all individuals undergoing ACL reconstruction. Future studies involving larger samples, longer follow-up periods, and 
multidimensional outcome assessments are recommended to further evaluate rehabilitation outcomes and optimize management 
strategies for patients experiencing delayed postoperative rehabilitation. 
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