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Abstract: Knee injuries represent a major source of morbidity in football players, particularly
during adolescence when intensive training coincides with ongoing musculoskeletal
development. This study investigated the prevalence, distribution, and rehabilitation outcomes
of knee injuries in adolescent football players. Thirty male football players aged 13-17 years
from two competitive teams were evaluated through clinical examination and magnetic
resonance imaging (MRI). Athletes presenting knee pathology participated in individualized
rehabilitation programs. Injury characteristics, functional outcomes, and return-to-play status
were assessed using pain, mobility, stability, and proprioceptive measures before and after
rehabilitation. Seventeen athletes (56.7%) presented clinically relevant knee pathology. A total
of 57 injury markers were identified, with meniscal pathology representing the predominant
injury category. Team 1 demonstrated a significantly higher injury prevalence than Team 2
(86.7% vs. 26.7%, p = 0.0025). Significant improvements were observed following rehabilitation
in pain intensity, knee flexion, extension deficit, functional stability, and proprioceptive control
(all p<0.001). Pain reduction was observed in 94.1% of athletes, while return-to-play readiness
was achieved in 88.2%. Knee injuries were highly prevalent among adolescent football players,
with meniscal lesions representing the most common pathology. MRI-based diagnosis
combined with individualized rehabilitation was associated with substantial functional
improvement and favorable return-to-play outcomes. These findings support the importance
of early diagnosis and structured rehabilitation strategies in youth football athletes.

Keywords: adolescent; athletic injuries; football; knee injuries; magnetic resonance imaging;
meniscus; rehabilitation; return to sport; sports medicine; youth sports
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1. Introduction

Football is one of the most widely practiced sports worldwide and is associated
with substantial physical, psychological, and social benefits. However, the high phys-
ical demands of football, including sprinting, jumping, rapid changes of direction, piv-
oting, and repetitive loading, expose athletes to an increased risk of musculoskeletal
injury [1-3]. Lower-limb injuries account for the majority of football-related injuries,
with the knee joint representing one of the most frequently affected anatomical regions
due to its central role in movement control, force transmission, and dynamic stabiliza-
tion [4-8].

Knee injuries in football players encompass a broad spectrum of traumatic and
overuse-related conditions, including meniscal lesions, ligament injuries, tendinopa-
thies, enthesopathies, and growth-related disorders [5,8,9]. Adolescent athletes may be
particularly vulnerable because of the combined effects of intensive training, repetitive
biomechanical stress, and ongoing musculoskeletal development [10-12]. Recurrent ex-
posure to football-specific movements can contribute to cumulative tissue overload
and may increase the risk of both acute injury and progressive degenerative changes
affecting knee structures [1,13-15].

Accurate diagnosis and appropriate rehabilitation are essential for optimizing re-
covery and reducing the risk of reinjury. Magnetic resonance imaging (MRI) is consid-
ered one of the most valuable diagnostic tools for the assessment of knee pathology
because it enables detailed visualization of intra-articular and periarticular structures
[16-20]. In parallel, individualized rehabilitation programs incorporating therapeutic
exercise, neuromuscular training, proprioceptive retraining, and sport-specific condi-
tioning have demonstrated beneficial effects on pain reduction, functional recovery,
and return-to-play outcomes in injured athletes [21-24].

Despite the growing body of literature on football-related injuries, several gaps
remain. Many studies have focused primarily on professional adult athletes, while
fewer investigations have examined the prevalence, characteristics, and rehabilitation
outcomes of knee injuries in adolescent football players. Furthermore, limited evidence
is available regarding the distribution of MRI-confirmed knee pathologies and their
functional evolution following individualized rehabilitation programs within youth
football populations [4,8,25]. Understanding these injury patterns may contribute to
improved prevention strategies, early diagnosis, and more effective rehabilitation
planning.

Therefore, the present study aimed to investigate the prevalence and distribution
of knee injuries in adolescent football players, to characterize MRI-confirmed patho-
logical findings, and to evaluate functional recovery following individualized rehabil-
itation programs. It was hypothesized that: (1) meniscal pathology would represent
the most frequent category of knee injury; (2) significant differences in injury preva-
lence would be observed between competitive groups; and (3) significant improve-
ments in pain intensity, joint mobility, functional stability, proprioceptive control, and
return-to-play capacity would be observed following rehabilitation.

2. Materials and Methods

2.1. Study Design

This study was designed as an observational cohort study investigating the prev-
alence, characteristics, and rehabilitation outcomes of knee injuries in adolescent foot-
ball players. The study was conducted between November 2024 and April 2026.

Participants were recruited from youth football clubs in Arad County, Romania.
Athletes presenting symptoms suggestive of knee pathology underwent orthopedic
evaluation and MRI at Pelican Clinical Hospital, Oradea, Romania.
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Football players diagnosed with clinically relevant knee injuries were subse-
quently enrolled in individualized rehabilitation programs conducted in collaborating
rehabilitation facilities in Arad County, Romania, including Izvorul Sanatatii Medical
Center and Davima Rehabilitation Center.

Data collection included demographic characteristics, injury profiles, clinical find-
ings, imaging results, rehabilitation outcomes, and return-to-play status. Clinical, im-
aging, rehabilitation, and follow-up data were collected throughout the study period
and analyzed to evaluate changes in pain, joint mobility, functional stability, and pro-
prioceptive control before and after rehabilitation.

Because no control group was included, the study aimed to describe changes ob-
served following rehabilitation rather than establish causal treatment effects. The in-
vestigation was conducted in accordance with the principles of the Declaration of Hel-
sinki.

2.2. Participants

The study population consisted of 30 male football players recruited from two
competitive youth football teams. Fifteen athletes were assigned to Team 1 and fifteen
athletes to Team 2. Participants were aged between 13 and 17 years and were actively
involved in organized football training and competition. The study included all eligible
athletes available during the study period; therefore, no formal a priori sample size
calculation was performed.

Inclusion criteria were:

Active participation in competitive football.

Age between 13 and 17 years.

Availability of complete clinical, imaging, and rehabilitation records.
Participation in the assessment procedures required by the study.

Exclusion criteria included:

previous knee surgery.

severe lower-limb trauma unrelated to sports participation.

Neurological or systemic musculoskeletal disorders affecting movement or bal-
ance.

e incomplete clinical follow-up data.

Clinical examinations and MRI assessments were performed at Pelican Clinical
Hospital, Oradea, Romania. Athletes diagnosed with knee pathology subsequently
completed rehabilitation programs at participating rehabilitation centers in Arad
County. Athletes identified with clinically relevant knee pathology were included in
the rehabilitation monitoring component of the study. Seventeen athletes met these
criteria and were subsequently monitored throughout the rehabilitation process.

Written informed consent was obtained from parents or legal guardians, and as-
sent was obtained from all participating athletes prior to inclusion in the study.

2.3. Ethical Considerations

The study was conducted in accordance with the ethical principles of the Decla-
ration of Helsinki for research involving human participants.

Ethical approval for the study was obtained from the Ethics Committee of Pelican
Clinical Hospital, Oradea, Romania (Approval No. 2070/01.10.2024). Administrative
authorization to conduct the study was obtained from the participating football clubs
in Arad County, Romania, including Vointa Macea (Protocol No. 129/09.09.2024),
Soimii Simand (Protocol No. 113/09.09.2024), and Athletico Vinga (Protocol No.
127/10.09.2024). Additional site-level authorization for clinical assessment and rehabil-
itation monitoring was granted by the participating rehabilitation facilities, including
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Izvorul Sanatatii Medical Center (Approval No. 519/14.10.2024) and Davima Rehabili-
tation Center (Approval No. 1015/06.11.2024).

Written informed consent was obtained from the parents or legal guardians of all
participants, while written assent was obtained from the athletes prior to participation
in the study.

All clinical evaluations and MRI investigations were performed at Pelican Clinical
Hospital, Oradea, Romania, while rehabilitation procedures and functional monitoring
were conducted at Izvorul Sanatatii Medical Center and Davima Rehabilitation Center,
Arad County, Romania, as part of routine clinical management.

2.4. Clinical and MRI Assessment

All participants underwent a standardized clinical and orthopedic evaluation of
the knee joint performed by qualified healthcare professionals. The assessment in-
cluded medical history review, symptom evaluation, pain assessment, range-of-mo-
tion measurements, and functional examination of the lower limb.

Pain intensity was assessed using the Visual Analogue Scale (VAS), while knee
joint mobility was evaluated through goniometric measurements of active flexion and
extension. Clinical examination focused on identifying pain, swelling, joint instability,
movement limitations, tenderness on palpation, and functional deficits affecting foot-
ball participation.

Athletes presenting clinical signs or symptoms suggestive of knee pathology un-
derwent MRI evaluation. MRI examinations were performed at Pelican Clinical Hos-
pital, Oradea, Romania, using a Siemens Magnetom Avanto 1.5-T scanner (Siemens
Healthineers, Erlangen, Germany). Standard knee MRI protocols were applied, includ-
ing proton-density-weighted and T2-weighted sequences with fat suppression ac-
quired in sagittal, coronal, and axial planes. These imaging sequences enabled compre-
hensive evaluation of intra-articular and periarticular structures, including the menisci,
articular cartilage, ligaments, tendons, synovial tissues, and adjacent osseous struc-
tures.

MRI examinations were used to identify and characterize meniscal tears, myxoid
meniscal degeneration, enthesopathies, inflammatory lesions, Osgood-Schlatter dis-
ease, and other associated abnormalities. Particular attention was given to the evalua-
tion of the medial and lateral menisci, extensor mechanism structures, periarticular soft
tissues, and growth-related changes affecting the tibial tuberosity.

All MRI examinations were interpreted by experienced radiologists specialized in
musculoskeletal imaging. Imaging findings were reviewed in conjunction with clinical
examination results to establish the final diagnosis and classify injury type. The iden-
tified lesions were subsequently categorized according to their anatomical location and
pathological characteristics.

Injury categories included medial meniscal tears, lateral meniscal tears, myxoid
meniscal degeneration, patellar enthesopathy, quadriceps enthesopathy, suprapatellar
inflammatory involvement, Osgood-Schlatter disease, lateral perimeniscal inflamma-
tory involvement, and other associated periarticular lesions.

Functional stability and proprioceptive performance were evaluated through
standardized rehabilitation assessments conducted before and after the rehabilitation
program. These evaluations were used to monitor neuromuscular control, postural sta-
bility, and functional recovery throughout the rehabilitation process.

Clinical and imaging findings served as the basis for injury classification, rehabil-
itation planning, monitoring of recovery progression, and outcome evaluation.
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2.5. Outcome Measures

Clinical and functional outcomes were assessed before initiation of rehabilitation
and after completion of the rehabilitation program. The primary outcome measures
included pain intensity, knee joint mobility, functional stability, proprioceptive control,
and return-to-play readiness.

Pain intensity was evaluated using the VAS, a validated instrument ranging from
0 (no pain) to 10 (maximum pain intensity). Knee joint mobility was assessed using a
universal goniometer, with measurements of active knee flexion and extension per-
formed according to standardized orthopedic procedures.

Functional stability was evaluated through a composite clinical assessment incor-
porating single-leg stance control, dynamic balance, squat performance, neuromuscu-
lar control, and sport-specific movement tasks. Performance across these assessment
domains was recorded using a standardized rehabilitation evaluation form and con-
verted into a composite functional stability score ranging from 0 to 100 points, with
higher scores indicating superior dynamic knee stability and functional performance.

Proprioceptive control was assessed through neuromuscular and balance evalua-
tions performed during rehabilitation sessions. These assessments included static and
dynamic balance tasks, postural control exercises, weight-transfer activities, and
lower-limb coordination exercises. Performance was converted into a standardized
proprioceptive control score ranging from 0 to 100 points, with higher values reflecting
improved balance, neuromuscular coordination, and postural control.

The composite scoring system was developed for clinical monitoring purposes
within the participating rehabilitation centers and was applied consistently across all
participants to provide a standardized evaluation of functional recovery and rehabili-
tation progress (Table 11).

Table 11. Components of the composite functional assessment scoring system

Assessment domain Maximum score
Single-leg stance control 20
Dynamic balance 20
Squat performance 20
Neuromuscular control 20
Sport-specific movement performance 20
Total score 100

Note: Higher scores indicate better functional performance, dynamic stability, and neuro-
muscular control.

All outcome measures were recorded at baseline and reassessed following com-
pletion of the rehabilitation program. Changes in pain intensity, joint mobility, func-
tional stability, and proprioceptive control were used to monitor rehabilitation pro-
gress and evaluate functional recovery.

Return-to-play readiness was determined based on the achievement of pain-free
movement, restoration of knee range of motion, satisfactory functional stability, ade-
quate proprioceptive control, and the ability to safely perform football-specific activi-
ties under clinical supervision.

2.6. Rehabilitation Protocol

Athletes diagnosed with knee pathology participated in individualized rehabili-
tation programs designed according to injury type, symptom severity, functional lim-
itations, and rehabilitation goals. Although treatment plans were adapted to individual
clinical needs, all athletes followed a standardized rehabilitation framework consisting
of three progressive phases.
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1. Phase I: Pain and Inflammation Management

The initial phase focused on pain reduction, control of inflammation, protection
of injured structures, and restoration of basic joint mobility. Interventions included
cryotherapy, pain-free range-of-motion exercises, soft-tissue mobilization, stretching,
and isometric muscle activation exercises, particularly targeting the quadriceps and
hamstring muscle groups.

Progression to the next phase was permitted when athletes demonstrated reduced
pain intensity, minimal joint swelling, and improved knee mobility.

2. Phase II: Functional Restoration

The second phase emphasized restoration of muscular strength, flexibility, neuro-
muscular control, and dynamic joint stability. Rehabilitation interventions included
progressive resistance exercises, closed kinetic chain training, balance exercises, pro-
prioceptive retraining, core stabilization exercises, and functional movement re-educa-
tion.

Athletes performed exercises designed to improve lower-limb alignment, move-
ment control, and weight-transfer capacity during dynamic activities. Progression cri-
teria included restoration of functional range of motion, improved balance perfor-
mance, and the ability to perform daily and sport-related movements without signifi-
cant symptoms.

3. Phase III: Sport-Specific Rehabilitation and Return-to-Play Preparation

The final rehabilitation phase focused on football-specific functional recovery and
safe return to sports participation. Exercises included agility drills, running progres-
sion, change-of-direction activities, plyometric training, dynamic stabilization exer-
cises, and sport-specific movement patterns relevant to football performance.

Athletes were gradually exposed to increasing training loads under professional
supervision. Return-to-play progression was individualized according to clinical sta-
tus, functional performance, pain levels, and neuromuscular control.

Rehabilitation sessions were conducted under the supervision of physiotherapists
and Kinesiotherapists. Most athletes participated in two to three supervised sessions
per week, complemented by individualized home exercise programs. The duration of
rehabilitation varied according to injury type and severity, ranging from approxi-
mately 4 to 9 weeks.

Progress was monitored throughout the rehabilitation process using clinical eval-
uation, functional assessment, pain monitoring, and reassessment of mobility, stability,
and proprioceptive performance.

2.7. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Ver-
sion 27.0 (IBM Corp., Armonk, NY, USA).

Continuous variables were expressed as mean + standard deviation (SD), whereas
categorical variables were presented as frequencies and percentages.

The normality of data distribution was assessed using the Shapiro-Wilk test. De-
scriptive statistical methods were used to summarize demographic characteristics, in-
jury prevalence, injury distribution, rehabilitation outcomes, and recovery duration.

Comparisons between competitive groups were performed using Fisher's exact
test for categorical variables and independent-samples t-tests for continuous variables,
as appropriate. Differences in injury-marker frequencies between groups were ana-
lyzed using the chi-square test.

Pre- and post-rehabilitation comparisons were analyzed using paired-samples t-
tests.



Balneo and PRM Research Journal 2026, 17, 2 7 of 18

The magnitude of rehabilitation-related changes was evaluated using Cohen's d
effect size analysis. Effect sizes were interpreted according to conventional thresholds
as small (d = 0.2), medium (d = 0.5), and large (d 2 0.8).

Statistical significance was established at p < 0.05.

3. Results

3.1. Characteristics of the study population

A total of 30 male football players were included in the study, with 15 athletes
assigned to each competitive group. The baseline demographic and anthropometric
characteristics of the participants are presented in Table 1.

The mean age of the study population was 15.3 + 1.2 years. The overall mean
height was 171.4 + 7.8 cm, mean body weight was 64.0 + 9.3 kg, and mean body mass
index (BMI) was 21.8 + 2.0 kg/m?. The participants had a mean football experience of
7.2 + 2.0 years. No statistically significant differences were observed between Team 1
and Team 2 regarding age, height, weight, BMI, or football experience (all p > 0.05).

Table 1. Baseline characteristics of the study population.

Variable Team 1 (n =15) Team 2 (n =15) Total (n = 30) p-value
Age (years) 152+1.1 154+13 153+1.2 0.67
Height (cm) 170.5+8.1 172.4+7.5 1714 +7.8 0.52
Weight (kg) 63.2+9.8 64.8+8.9 64.0+9.3 0.71
BMI (kg/m?) 21.7+21 21.8+2.0 21.8+2.0 0.88
Football experience (years) 73+2.1 71+2.0 72+2.0 0.79

3.2. Prevalence and distribution of knee injuries
Among the 30 football players included in the study, 17 athletes (56.7%) presented
clinically relevant knee pathology requiring rehabilitation and functional monitoring,

whereas 13 athletes (43.3%) showed no evidence of knee injury during the study period
(Table 2).

Table 2. Distribution of knee injuries among the study participants.

Variable n %
Injured athletes 17 56.7
Non-injured athletes 13 43.3
Total 30 100

3.3. Distribution of injury types

A total of 57 injury markers were identified among the 17 injured athletes. The
detailed distribution of injury types is presented in Table 3.

The most frequently identified lesion was medial meniscal tear (35.1%), followed
by lateral meniscal tear (17.5%) and myxoid meniscal degeneration (10.5%). Together,
meniscal pathologies accounted for the majority of recorded injury markers.

Table 3. Detailed distribution of knee injuries

Injury type n %
Medial meniscal tear 20 35.1
Lateral meniscal tear 10 17.5
Myxoid meniscal degeneration 6 10.5
Patellar enthesopathy 4 7.0
Suprapatellar inflammatory involvement 4 7.0
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Osgood-Schlatter disease 3 5.3
Quadriceps enthesopathy 2 3.5

Lateral perimeniscal inflammatory involvement 1 1.8
Other associated lesions 7 12.3

Total 57 100

For visualization purposes, injuries were grouped into major clinical categories.
Meniscal pathology represented the largest injury category (63.2%), followed by other
associated lesions (12.3%), enthesopathies (10.5%), inflammatory lesions (8.8%), and
growth-related lesions (5.3%) (Figure 1).

Meniscal pathology n=36 (63.2%)

Enthesopathies n=6 (10.5%)

Inflammatory lesions

n=5 (8.8%)

Growth-related lesions n=3(5.3%)

Majer injury category

Other lesions n=7 (12.3%)

T T T T T T 1

0 5 10 15 20 25 30 35 40

Number of injury markers (n)
Figure 1. Relative contribution of major knee injury categories.

3.4. Injury laterality and bilateral involvement

Among the 57 recorded injury markers, 33 lesions (57.9%) involved the left knee,
whereas 24 lesions (42.1%) involved the right knee. The distribution of injuries accord-
ing to the affected limb is presented in Table 4.

Table 4. Injury laterality

Affected limb n %
Left knee 33 57.9
Right knee 24 42.1
Total 57 100

Analysis of athlete involvement revealed that bilateral pathology was more fre-
quent than unilateral pathology. Bilateral involvement was identified in 11 athletes
(64.7%), whereas unilateral involvement was recorded in 6 athletes (35.3%). The distri-
bution of bilateral and unilateral involvement is summarized in Table 5.

Table 5. Bilateral versus unilateral involvement

Injury distribution n %
Bilateral 11 64.7
Unilateral 6 35.3

Total injured athletes 17 100
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3.5. Comparison between competitive groups

Team 1 demonstrated a significantly higher prevalence of knee injuries than Team
2. A total of 13 out of 15 athletes (86.7%) in Team 1 presented clinically relevant knee
pathology, compared with 4 out of 15 athletes (26.7%) in Team 2. In addition, Team 1
accounted for a greater number of injury markers (35 vs. 22). The comparison between
the two competitive groups is presented in Table 6.

Table 6. Comparison between teams

Variable Team 1 Team 2 p-value
Injured athletes 13/15 (86.7%) 4/15 (26.7%) 0.0025
Total injury markers 35 22 <0.05

The differences in injury prevalence between the two competitive groups are il-
lustrated in Figure 2.

86.7%
(13/15)

100 4

80

26.7%
(4/15)

60

40

Injury prevalence (%)

20

Team 1 Team 2

Figure 2. Injury prevalence according to competitive group.

3.6. Functional outcomes following rehabilitation.

Significant improvements were observed in all assessed clinical and functional
variables following rehabilitation (Table 7). Pain intensity decreased substantially,
while knee range of motion, functional stability, and proprioceptive control improved
significantly after completion of the rehabilitation program (all p <0.001).

Table 7. Pre- and post-rehabilitation outcomes

Variable Pre Post Mean difference p-value
VAS pain 71+1.2 24+1.1 -4.7 <0.001
Knee flexion (°) 1125+9.4 132.8 +5.7 +20.3 <0.001
Extension deficit (°) 6.8+£2.3 14+1.1 -54 <0.001
Functional stability 61.2+8.6 84.9+6.3 +23.7 <0.001
Proprioceptive con- 585+7.9 82.1+5.8 +23.6 <0.001
trol

The magnitude of rehabilitation-related changes was evaluated using Cohen's d
effect size analysis (Table 8). All outcomes demonstrated very large effect sizes, indi-
cating substantial improvements following rehabilitation.
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Table 8. Effect sizes of rehabilitation outcomes.

Variable Cohen's d
VAS pain score 4.1
Knee flexion (°) 2.6
Extension deficit (°) 29
Functional stability score 3.2
Proprioceptive control score 34

A graphical representation of rehabilitation effect sizes is presented in Figure 3.

VAS pain d=4.1

Knee flexion
1
=
w
©
[

GE) Extension deficit
£
o
=)
=

o . e,
Functional stability
Proprioceptive control
0 i 2 3 4 5

Cohen's d effect size

Figure 3. Effect sizes of rehabilitation outcomes.

3.7. Functional recovery and return-to-play outcomes

Functional recovery outcomes following rehabilitation are summarized in Table
9. Pain reduction was observed in 16 of the 17 injured athletes (94.1%), representing
the highest improvement rate among the evaluated outcomes. Improvements in joint
mobility and return-to-play capacity were achieved in 15 athletes (88.2%), while dy-
namic stability and proprioceptive control improved in 14 athletes (82.4%). Return-to-
play outcomes were calculated at the athlete level rather than the lesion level; therefore,
each athlete was counted once regardless of the number of MRI-identified lesions pre-
sent.

Table 9. Functional recovery outcomes

Outcome Improved (n) Unchanged (n) Improved (%)
Pain reduction 16 1 94.1
Joint mobility 15 2 88.2
Dynamic stability 14 3 82.4
Return-to-play capacity 15 2 88.2
Proprioceptive control 14 3 82.4

3.8. Recovery duration according to injury type

Recovery duration varied according to injury type (Table 10). Athletes presenting
meniscal pathology required the longest rehabilitation periods, with mean recovery
durations of 8.6 + 1.9 weeks for medial meniscal lesions and 7.8 + 1.5 weeks for lateral
meniscal lesions. In contrast, athletes with overuse-related conditions, including patel-
lar and quadriceps enthesopathy, demonstrated shorter recovery periods ranging from
4.5 to 4.8 weeks.
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Table 10. Recovery duration according to injury type

Injury type Recovery duration (weeks) Return-to-play (%)
Medial meniscal lesions 8.6+1.9 90
Lateral meniscal lesions 78+15 90
Myxoid degeneration 54+1.1 100
Patellar enthesopathy 48+0.9 100
Quadriceps enthesopathy 45+0.7 100
Osgood—Schlatter disease 52+1.0 100

Note: Return-to-play rates were calculated at the athlete level rather than the lesion level.
Athletes presenting multiple lesions were counted once according to their primary diagnosis.

All athletes presenting overuse-related conditions successfully returned to foot-
ball participation (100%), whereas athletes with meniscal pathology demonstrated a
return-to-play rate of 90%. Among athletes with meniscal pathology, 9 of 10 success-
fully returned to football participation (90%). The variation in recovery duration
among injury categories is illustrated in Figure 4.

Medial meniscal lesions
Lateral meniscal lesions

Myxoid degeneration

Injury type

Osgood-Schlatter disease

Patellar enthesopathy

Quadriceps enthesopathy

0 2 4 6 8 10
Mean recovery duration (weeks)

Figure 4. Recovery duration according to injury type.
4. Discussion

4.1. Prevalence of knee injuries in adolescent football players

In the present cohort, 56.7% of athletes presented clinically relevant knee pathol-
ogy requiring rehabilitation and functional monitoring. This finding highlights the
substantial burden of knee injuries among adolescent football players and supports
previous epidemiological evidence identifying the knee as one of the most frequently
affected anatomical regions in football participation [2,26].

The relatively high injury prevalence observed in the present cohort may be ex-
plained by the repetitive biomechanical demands associated with football-specific ac-
tivities, including sprinting, jumping, pivoting, tackling, and rapid changes of direc-
tion. During adolescence, ongoing musculoskeletal development may further increase
susceptibility to overload-related pathology and injury occurrence [27-29].

4.2. Distribution of injury types and MRI findings
The first study hypothesis was supported, as meniscal pathology represented the
predominant injury category. Medial meniscal tears accounted for the largest propor-
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tion of identified lesions, followed by lateral meniscal tears and myxoid meniscal de-
generation. Together, meniscal lesions represented more than half of all recorded in-
jury markers.

These findings are consistent with previous sports medicine studies demonstrat-
ing that the menisci are particularly vulnerable to rotational loading, compressive
forces, and abrupt directional changes characteristic of football activity [30-32]. The
predominance of medial meniscal pathology may be associated with the biomechani-
cal role of the medial meniscus in load transmission, shock absorption, and stabiliza-
tion of the tibiofemoral joint [33-36].

MRI evaluation proved valuable for identifying both traumatic and overuse-re-
lated pathology, allowing accurate characterization of meniscal lesions, enthesopathies,
inflammatory changes, and growth-related conditions. The use of MRI may therefore
facilitate earlier diagnosis and more individualized rehabilitation planning in young
athletes [18,37].

4.3. Injury laterality and bilateral involvement

An important finding of the present study was the high frequency of bilateral in-
volvement. Nearly two-thirds of injured athletes demonstrated pathology affecting
both lower limbs. Bilateral injury patterns may reflect the cumulative effects of repeti-
tive training loads and symmetrical biomechanical stress imposed by football partici-
pation [38-40].

Although left-knee involvement was slightly more frequent than right-knee in-
volvement, the difference was relatively modest. Previous studies have reported in-
consistent findings regarding injury laterality, suggesting that limb dominance alone
may not fully explain the distribution of football-related knee pathology [41-45].

4.4. Differences between competitive groups

The second study hypothesis was supported by the significant differences ob-
served between the two competitive groups. Team 1 demonstrated substantially
higher injury prevalence and a greater number of injury markers than Team 2.

Several factors may contribute to such intergroup differences, including varia-
tions in training intensity, cumulative playing time, recovery strategies, physical con-
ditioning, coaching methodology, and injury prevention practices [25,39]. Although
the present study was not designed to identify the exact causes of these differences, the
findings emphasize the importance of individualized athlete monitoring and workload
management in youth football settings.

4.5. Rehabilitation outcomes and functional recovery

The third study hypothesis was supported by the observed changes following re-
habilitation. Significant improvements were observed across all evaluated clinical and
functional outcomes, including pain intensity, knee mobility, functional stability, and
proprioceptive control. Furthermore, all outcome measures demonstrated very large
effect sizes, indicating substantial rehabilitation-related improvements.

These findings are consistent with previous research reporting improvements fol-
lowing multimodal rehabilitation programs that combine therapeutic exercise, pro-
gressive strengthening, neuromuscular retraining, proprioceptive exercises, and sport-
specific functional progression [23,24,46-49]. Improvement in proprioceptive control
and functional stability is particularly important because deficits in these domains
have been associated with increased reinjury risk and impaired athletic performance
[50-52].
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4.6. Return-to-play outcomes and clinical implications.

The majority of athletes successfully returned to football participation following
rehabilitation. Pain reduction was achieved in more than 90% of participants, while
return-to-play readiness was observed in approximately 88% of athletes.

Recovery duration varied according to injury type, with meniscal lesions requir-
ing longer rehabilitation periods than overuse-related conditions. Similar findings
have been reported in previous studies, where structural intra-articular injuries gener-
ally required prolonged rehabilitation because of the need to restore dynamic stability,
neuromuscular control, and movement efficiency before return to sport [31,46,53-56].

From a clinical perspective, these findings suggest that individualized rehabilita-
tion strategies combined with structured progression criteria and functional monitor-
ing may be beneficial for adolescent football players with knee pathology. Early MRI-
based diagnosis may facilitate accurate injury characterization and individualized re-
habilitation planning, while targeted rehabilitation approaches may be associated with
improved clinical outcomes and support safer return-to-play decision-making.

4.7. Strengths and Limitations

The present study possesses several important strengths. First, all identified knee
pathologies were confirmed through MRI, which is considered one of the most reliable
diagnostic methods for evaluating intra-articular and periarticular knee structures. The
use of MRI increased diagnostic accuracy and reduced the possibility of injury misclas-
sification, allowing detailed characterization of meniscal lesions, enthesopathies, in-
flammatory conditions, and growth-related disorders.

Second, the study integrated clinical assessment, imaging findings, and rehabili-
tation monitoring within a single investigation. This comprehensive approach allowed
evaluation not only of injury prevalence and anatomical characteristics but also of
functional recovery following rehabilitation. Such integration provides a broader un-
derstanding of knee pathology in adolescent football players and offers clinically rele-
vant information for both diagnosis and treatment planning.

Third, the investigation focused specifically on adolescent football players, a pop-
ulation that remains relatively underrepresented in the sports medicine literature com-
pared with professional adult athletes. Considering that adolescence represents a crit-
ical period of musculoskeletal development, the findings contribute valuable infor-
mation regarding injury patterns, rehabilitation outcomes, and return-to-play consid-
erations in young athletes.

Despite these strengths, several limitations should be acknowledged. The rela-
tively small sample size, particularly the limited number of injured athletes included
in the rehabilitation analysis (n = 17), may have reduced the statistical power for sub-
group comparisons and limits the generalizability of the findings to other populations,
competitive levels, or sporting environments. In addition, participants were recruited
from a limited geographical area in western Romania, which may further restrict the
external validity of the results. Furthermore, the observational study design and ab-
sence of a control group prevented causal conclusions regarding the effectiveness of
the rehabilitation interventions.

Another important limitation concerns the functional stability and proprioceptive
control scores used during rehabilitation monitoring. Although these assessments
were applied consistently across all participants and provided useful information re-
garding functional progression, they were based on an internally developed clinical
monitoring system used within the participating rehabilitation centers and have not
undergone formal psychometric validation. Consequently, the reliability, validity, re-
sponsiveness, and comparability of these measures with internationally recognized
outcome instruments cannot be fully established. The results derived from these scores
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should therefore be interpreted with caution. Future studies should incorporate vali-
dated functional assessment tools and standardized patient-reported outcome
measures to facilitate comparison across studies and strengthen methodological rigor.

Additionally, the study evaluated outcomes only during the rehabilitation period
and immediate return-to-play process. Long-term follow-up data were not available,
preventing assessment of reinjury rates, sustained functional recovery, and the long-
term consequences of knee pathology on athletic performance. Finally, potential con-
founding factors such as training volume, playing position, previous injury history,
and biomechanical characteristics were not systematically analyzed and may have in-
fluenced injury occurrence and rehabilitation outcomes.

4.8. Clinical Implications

The findings of the present study have several practical implications for sports
medicine physicians, physiotherapists, rehabilitation specialists, coaches, and youth
football organizations. The relatively high prevalence of knee pathology observed
within the investigated cohort highlights the need for regular clinical screening and
early identification of injury-related symptoms in adolescent football players. Early
recognition of knee dysfunction may facilitate timely intervention and potentially pre-
vent progression toward more severe structural pathology.

The predominance of meniscal lesions identified through MRI emphasizes the im-
portance of accurate diagnostic evaluation in young athletes presenting with persistent
knee pain, mechanical symptoms, or functional limitations. MRI assessment may im-
prove diagnostic precision and support individualized treatment planning, particu-
larly in cases where clinical findings alone are insufficient to establish the extent of
injury.

The significant functional improvements observed following rehabilitation fur-
ther support the implementation of structured, individualized rehabilitation programs.
The combination of progressive strengthening exercises, neuromuscular retraining,
proprioceptive interventions, balance training, and sport-specific functional progres-
sion was associated with improvements in pain levels, joint mobility, dynamic stability,
and overall functional performance. These findings reinforce current recommenda-
tions advocating comprehensive rehabilitation approaches rather than isolated symp-
tom management.

The substantial differences in injury prevalence observed between competitive
groups also highlight the potential importance of workload monitoring, training-peri-
odization strategies, and injury-prevention programs. Regular functional assessments
may allow practitioners to identify athletes at increased risk of injury and implement
corrective interventions before significant pathology develops.

Finally, the findings support the use of objective return-to-play criteria incorpo-
rating pain resolution, restoration of joint mobility, neuromuscular control, dynamic
stability, and functional performance. Such criteria may contribute to safer reintegra-
tion into sport and potentially reduce the risk of recurrent injury following rehabilita-
tion.

4.9. Future Directions

Future research should focus on larger multicenter investigations involving ath-
letes from different geographical regions, competitive levels, and developmental
stages. Studies including larger samples would improve statistical power and enhance
the generalizability of findings regarding injury prevalence, injury characteristics, and
rehabilitation outcomes in youth football populations.

Prospective longitudinal investigations are also needed to better understand the
mechanisms underlying the development of knee pathology in adolescent athletes.
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Such studies could evaluate the influence of training exposure, playing position,
growth and maturation status, biomechanical factors, neuromuscular characteristics,
and previous injury history on injury risk.

Future investigations should incorporate validated functional assessment instru-
ments and objective biomechanical measurements to improve methodological rigor
and facilitate comparison between studies. The integration of motion analysis systems,
force-platform assessments, wearable sensor technologies, and standardized return-to-
play testing batteries may provide deeper insight into rehabilitation effectiveness and
functional recovery.

Long-term follow-up studies examining reinjury rates, persistent symptoms, ath-
letic performance, and long-term joint health after return-to-play are particularly im-
portant. Such investigations may help determine whether short-term rehabilitation
gains are maintained over time and whether specific injury patterns are associated with
increased risk of future pathology.

Finally, future research should evaluate the effectiveness of targeted injury-pre-
vention programs specifically designed for adolescent football players. Neuromuscu-
lar training interventions, proprioceptive exercise programs, workload-management
strategies, and individualized risk-factor modification approaches may represent
promising avenues for reducing the incidence and severity of knee injuries in this pop-
ulation.

5. Conclusions

The present study identified a high prevalence of knee pathology among adoles-
cent football players, with more than half of the evaluated athletes presenting clinically
relevant injuries requiring rehabilitation. Meniscal pathology represented the predom-
inant injury category, with medial meniscal tears constituting the most frequently iden-
tified lesion. Significant differences in injury prevalence were observed between the
two competitive groups, suggesting that variations in training exposure, workload,
and other sport-related factors may influence injury occurrence.

Participants demonstrated substantial improvements following individualized
rehabilitation. Athletes presenting overuse-related conditions generally achieved
faster recovery than those with meniscal pathology, which required longer rehabilita-
tion periods. These findings highlight the importance of accurate MRI-based diagnosis,
structured rehabilitation strategies, and objective functional monitoring in the man-
agement of knee injuries among adolescent football players.

Overall, the results suggest that early clinical assessment, MRI-confirmed injury
characterization, individualized rehabilitation, and progressive return-to-play criteria
may be valuable components of knee injury management in youth football. Further
prospective studies involving larger cohorts and long-term follow-up are needed to
better understand injury mechanisms, optimize rehabilitation protocols, and improve
injury-prevention strategies in this population.
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