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Available Online: 01 Mar 2026 :  Objectives: The main goal of this study was to assess the effectiveness of a 12-week

:  multimodal rehabilitation program consisting of 0zone (Os) bagging, and pulsed ultrasound

therapy, along with progressive strength training, on key parameters like muscle strength,
knee range of motion (ROM), and pain sensitivity in a group of male basketball players
suffering from magnetic resonance imaging (MRI)-verified partial anterior cruciate
ligament (ACL) tears.

Methods: The research design employed a quasi-experimental pre-test-post-test study that
involved a single group. A total of 10 male basketball players (mean age: 24.3+2.8 years)
suffering from isolated partial ACL tears (duration of injury: 4-8 weeks) participated in a 12-
week intervention, including 36 sessions (3 sessions/week). The intervention integrated Os
therapy (30 pg/mL for 15 min via bagging), pulsed ultrasound (1.5 W/ecm?, 1 MHz, 5 m), and
a4-phase progressive exercise protocol. The primary outcomes comprised quadriceps strength
(handheld dynamometer), active knee ROM (goniometer), and pressure pain threshold (PPT;
Wagner FPX25 algometer). The circumferences of the knee were measured as secondary
outcomes. The differences between the 2 time points of each subject were evaluated by
applying the Wilcoxon signed-rank test with a significance level set at 0.05.

Results: The findings showed that all primary and secondary measures had significantly
improved (P=0.005) along with the large effect sizes (r=0.89). The strength of the quadriceps
grew by 189% (from 20.3+3.77 kg to 58.66+9.88 kg). The flexion movement of the knee was
better than the start (from 118.4 to 132.4%); the extension was reduced from 11.1° to 2.2°, and

Keywords: the rotational mobility improved (the internal: was 7.5 to 15.4°; the external: was 20.3" to 35.8").

Anterior cruciate ligament . The increase in the PPT was 143% (from 18.9£3.14 N to 46+8.08 N), additionally, the knee
. . circumference was reduced by 3.7 cm (from 42.6+2.17 cm to 38.9+1.45 cm).

(ACL), Partial ACL f duced by 3.7 from 42.6+2.17 38.9+1.45 cm)

tear, Ozone (Os) therapy, Discussion: The rehabilitation program over 12 weeks that included Os and ultrasound has not

Ultrasound, Rehabilitation, :  only statistically but also significantly enhanced the condition of basketball players suffering

Knee range of motion (ROM) from partial ACL tears in the areas of strength, ROM, sensitivity to pain and swelling.
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» The present research suggests the possibility of incorporating Os and ultrasound biophysical adjuncts into
conservative ACL rehabilitation to hasten the recovery process of athletes.

* The application of the Os bagging, the pulsed ultrasound, and the progressive resistance training together in one
12-week program brought about considerable improvement in the strength of quadriceps, the knee’s ROM, and the
threshold of pressure pain in basketball players with partial ACL tears.

Plain Language Summary

In this research, a 12-week rehabilitation scheme was evaluated that included ozone (Os) therapy, ultrasound, and
progressive exercises in 10 male basketball players with partial ACL tear. The program led to a remarkable improvement
in knee strength, range of motion (ROM) and pain tolerance, coupled with a decrease in swelling.

Introduction

mong athletes, knee and ankle joints are

the most susceptible parts of the body to

get injured [1-3]. Anterior cruciate liga-

ment (ACL) injury is one of the most com-

mon and functionally important knee pa-
thologies in sports medicine, mainly among the athletes
who twist and jump [4]. Complete ACL tears usually
require surgical reconstruction, but partial tears of the
ACL, defined as a macroscopic disruption of less than
50% of the ligament fibers, present a completely differ-
ent situation for the clinician where nonsurgical manage-
ment may be both possible and even more preferable,
especially when significant instability or a concurrent
meniscal injury is absent [5]. The decision to undertake
non-surgical treatment depends on the accomplishment
of dynamic knee stability through the improvement of
neuromuscular control, strength, and proprioception;
these are the objectives that are best attained through
structured progressive rehabilitation [6].

Basketball is a very demanding sport that requires
frequent high-velocity cutting, pivoting, landing from
jumps, and rapid stopping, thus putting the knee joint
under a lot of pressure biomechanically. Statistical data
from epidemiological studies show that basketball is
among the sports with the highest incidence of ACL
injuries, mainly among young adults and elite athletes.
Often, non-contact mechanisms that lead to valgus col-
lapse with internal tibial rotation cause partial tears, with
the ACL being affected disproportionately, and may lead
to chronic instability or early-onset osteoarthritis if not
treated properly [7].

The primary non-surgical approach for partial ACL tear
management continues to be exercise-based rehabilita-
tion, and protocols do indeed emphasize quadriceps and
hamstring strengthening, neuromuscular re-education
[8, 9], and functional progression [10]. However, there
remains considerable heterogeneity with respect to re-
habilitation design and length, along with the utilization
of adjunctive modalities, yielding variable timelines and
disparate outcomes related to return-to-sport status [11].
Growing interest thus exists in interventions that utilize
multidisciplinary methods to accelerate tissue healing,
modulate pain, and enhance functional gains beyond ex-
ercise alone [12].

Among these adjuncts, therapeutic US remains one of
the most popular modalities in musculoskeletal physio-
therapy [13]. At appropriate intensities (usually 1-3 W/
cm? in pulsed mode), US produces thermal and non-ther-
mal bioeffects that include increased collagen synthesis,
improved local blood flow, and diminished inflamma-
tory mediators [14]. Recent systematic reviews indi-
cate that US, if combined into extensive rehabilitation
programs, results in modest but statistically significant
pain and functional gains in knee disorders, although
evidence related to ligamentous injuries is limited [15].

Ozone (Os) therapy has also emerged as a promising
bioregulatory intervention in sports medicine [16]. Os
therapy is delivered through the percutaneous route or by
superficial bagging and exhibits strong anti-inflammato-
ry, antioxidant, and pain-relieving properties by modu-
lating cytokine pathways (for instance, tumor necrosis
factor [TNFJ-a and interleukin [IL]-6), activating anti-
oxidant enzymes, and increasing oxygen supply to the
tissues [17]. The earliest clinical studies indicated knee
osteoarthritis and tendon diseases as good candidates for
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the therapy, however, the treatment of acute ligament in-
juries in sports has not yet resulted in strong proof and
the issues of the best dosage, the method of administra-
tion, and the safety profile have not been adequately ad-
dressed [18].

Critically, no studies to date have examined the syn-
ergistic effects of combining Os therapy, therapeutic
ultrasound, and a supervised, progressive exercise pro-
gram in athletes with partial ACL tears [19]. Such an
approach constitutes a major knowledge gap, consider-
ing that these complementary mechanisms are plausibly
synergistic, since exercise restores mechanical function,
while Os and ultrasound might concomitantly reduce in-
flammation, decrease pain sensitization, and enhance the
repair of soft tissues [20].

The present quasi-experimental, 1-group pre-test-post-
test study investigates the effectiveness of a 12-week
multimodal rehabilitation program that includes Os bag-
ging, pulsed therapeutic ultrasound, and progressive re-
sistance training in male basketball players with mag-
netic resonance imaging (MRI) -confirmed partial ACL
tears. This investigation aims at determining whether
there is any within-subject change in quadriceps muscle
strength, active ROM, and mechanical pain sensitivity.
This study will attempt to ensure preliminary evidence
for a nonsurgical protocol that can optimize recovery
trajectories and inform timely, safe return-to-play deci-
sions in a high-risk athletic population through the rig-
orous quantification of outcomes with validated instru-
ments and the control of temporal and environmental
confounders.

Materials and Methods
Trial design and setting

The research utilized a single-group, quasi-experimen-
tal pre-test-post-test design to assess the impact of a 12-
week multimodal rehabilitation program. The study took
place at the Physical Therapy and Rehabilitation Center
in Babylon Governorate, Iraq, from June 24 to October
28,2024. All evaluations and therapy sessions took place
in a controlled clinical environment, under the monitor-
ing of licensed physical therapists, and with the partici-
pation of orthopedic specialists from the same center.

Study participants

Participants were male basketball players referred to
the Physical Therapy and Rehabilitation Center in the
Babylon Governorate, Iraq between December 10, 2024
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and April 1, 2025, who fulfilled the following criteria for
inclusion in this study [21]. The inclusion criteria were
as follows. They must be male basketball players aged
20-30 years and actively playing in regional or national
leagues. They must present a diagnosis of an isolated par-
tial tear of ACL, which means in the present study that
the disruption of the ligament fibers is less than 50%; this
was diagnosed by 1.5 Tesla MRI. The injury regarding
the knee under study was sustained within 4 to 8 weeks
before the start of the study-subacute phase of the injury.
No clinical or radiological signs of other knee patholo-
gies were present, such as meniscal tears-grade >II on
MRI, collateral ligament injury, osteochondral lesions,
or relevant joint effusion requiring removal. Participants
had not received surgery for the knee or intra-articular
corticosteroid injections or administration of Os or ap-
plication of therapeutic ultrasound to the injured knee
for the last 3 months. Participants should be willing not
to perform any type of physiotherapy, pharmacological
or alternative treatment during the 12-week duration of
the study. Written informed consent was obtained; more-
over, commitment to adhere to the intervention schedule
with an expected minimum attendance rate of 90%.

In case the participants had any of the subsequent con-
ditions [22], they would be eliminated from the study:
total ACL tear or multi-ligament knee injury; x-ray signs
of knee osteoarthritis (Kellgren—Lawrence grade >2);
systemic inflammatory or autoimmune diseases like
rheumatoid arthritis or gout affecting the entire body;
conditions that impair the functioning of the nervous
system, balance or muscles which may lead to impaired
balance, gait, or motor control; and receiving anticoagu-
lant therapy or Os therapy.

Study intervention

All the individuals involved in the study were subject
to a rehabilitation treatment, consisting of a combination
of Os therapy, ultrasound, and physical therapy for a pe-
riod of 12 weeks. The treatment was administered three
times a week (36 sessions in total) from the 26" of June
to the 26% of October 2024. The duration of each ses-
sion was around 45 to 50 minutes and it took place under
the continuous supervision of certified physiotherapists
who had a minimum of 3 years of clinical experience
in the area of sports rehabilitation. The treatment began
with the use of the mentioned physical modalities: first,
O:s therapy was given using a method of Os bagging in
which a polyethylene bag that was airtight was used to
enclose the lower limb that was affected and then Os gas,
which is medical-grade was injected at a concentration
of 30 pg/mL for 15 min using a calibrated Os generator
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[23]. Immediately afterward, pulsed therapeutic ultra-
sound was applied over the anteromedial and anterolat-
eral aspects of the knee by using a 1-MHz device at an
intensity of 1.5 W/cm? in pulsed mode (1:4 duty cycle)
for 5 min, while the transducer is moved in slow circular
motions in order to avoid thermal buildup [24].

Participants performed a structured, progressive exer-
cise program divided into four 3-week phases. The ini-
tial phase focused on pain-free neuromuscular activation
and restoration of basic ROM through exercises, such as
straight-leg raises, heel slides, and quad sets using light
elastic resistance bands. The second phase introduced
closed kinetic chain exercises-mini-squats, step-ups, and
leg press-with progressive external resistance ranging
from 0.5 kg to 5 kg, together with static balance training
on stable surfaces. Dynamic strengthening tasks, such as
lunges and single-leg squats with resistance up to 10 kg,
proprioceptive challenges on foam pads, and initiation of
stationary cycling for 10-15 min at 60 rpm were added
in the third phase. Emphasis on sport-specific functional
retraining, including controlled lateral shuffles, pivot-
ing drills, and jump-landing mechanics, with resistance
loads increasing up to 20 kg and gradual reintroduction
of treadmill walking and running based on the indi-
vidual’s tolerance, was given in the final phase [25]. All
exercises were performed below the participant’s pain
threshold (<2/10 on a visual analog scale) and advance-
ment to the next phase was permitted only in the absence
of pain exacerbation or joint swelling. Attendance was
monitored, and adherence was defined as completion of
at least 33 of the 36 scheduled sessions (>90%). No addi-
tional pharmacological, manual, or alternative therapies
were allowed during the study period. Treatment logs
were kept for each participant to record session details
and exercise progression throughout the study and note
any deviation from the protocol.

Outcomes

The research investigated the efficacy of a 12-week
multimodal rehabilitation program through a variety of
primary and secondary outcome measures. The main out-
comes incorporated knee muscle strength, active ROM
of the knee joint (flexion, extension, internal, and exter-
nal rotation), and mechanical pain sensitivity quantified
via pressure pain threshold (PPT). Secondary outcomes
included changes in knee swelling as measured using the
aforementioned method of circumferential measurement
at the joint line. Each of the above-mentioned measure-
ments was obtained on two different occasions: one be-
fore the intervention and the other after the intervention,
in standardized conditions (at the same time of the day,
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with the same assessor and identical environmental set-
tings) to minimize diurnal and contextual variability.

Muscle strength

Calibrated handheld dynamometer (MicroFET2™,
Hoggan Health Industries, USA) was used to assess the
quadriceps muscle strength, which has shown excellent
test-re-test reliability (ICC>0.90) in athletic populations
with knee pathology [26]. Participants were positioned
in a supine lying position on a plinth with their hips in
neutral alignment and their knees flexed at 60 degrees;
this position was chosen so as to maximize the mechani-
cal advantage and isolate the quadriceps contraction
while at the same time minimizing compensatory move-
ments. The pad of the dynamometer was placed on the
anterior part of the distal tibia, about 5 cm above the me-
dial malleolus, and held firmly in position by the asses-
sor. The participant was asked to do a maximal isometric
knee extension against the dynamometer’s resistance for
5 seconds, and strong verbal encouragement was given
to ensure that the effort was indeed maximal. A total of
3 trials were conducted; between each repetition a 30-s
rest was given to prevent fatigue. The assessor kept the
same hand placement and stabilization throughout the
trials and made sure no trunk or pelvic movement took
place during the testing. The highest value (in kilograms)
recorded in the three trials was taken for statistical analy-
sis [26].

Knee ROM

The ROM in the active knee was evaluated by a sin-
gle physiotherapist who was trained, to use a standard
plastic goniometer of 360 degrees (Baseline®) and also
guarantee accuracy. The participant was placed in supine
lying on a plinth position with the hip and the contralat-
eral limb in a neutral alignment with the knee extension
positioning. The participant was first asked to bend the
knee and then straighten it while being supported by the
physiotherapist to stabilize the pelvis. The goniometer’s
axis was positioned appropriately over the femur’s lat-
eral epicondyle. The stationary arm was adjusted parallel
to the femur’s longitudinal axis with the greater trochan-
ter as the proximal reference point while the moving arm
was aligned with the fibula’s lateral malleolus. Flexion
was captured as the angle of full extension (0°) and maxi-
mum active bend, and extension was measured as the
degree of hyperextension past the neutral 0° position.

The knee was first bent at 90 degrees for internal and
external rotation, and the hip was controlled by the ex-
aminer in neutral rotation to hinder pelvic compensatory
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movement. Then, the subject was asked to rotate the tibia
medially (internal rotation) and laterally (external rota-
tion) as far as possible without experiencing pain. Dur-
ing this process, the goniometer’s axis was still at the
femur’s lateral epicondyle, the stationary arm stayed in
line with the femur (towards the greater trochanter), and
the moving arm tracked the fibula (towards the lateral
malleolus). Each motion was tested three times, and the
maximum value (in degrees) was taken for the purpose
of analysis. The assessor gave standardized verbal in-
structions and visual demonstrations prior to each mea-
surement and assured that movements were per

Pain sensitivity

Pain sensitivity was determined by applying PPT al-
gometry with the Wagner FPX25 digital algometer
(Wagner Instruments, USA). This is a handheld device
with a 1 cm? circular rubber probe. It was calibrated
to show the force in Newton (N). The participant was
seated comfortably on a plinth with the affected knee
in slight flexion (~20") and the leg completely relaxed.
Before the test, the physiotherapist who, in this case,
was the assessor, found the most tender point along the
knee joint line by systematic palpation with moderate
pressure. The physiotherapist had one year of clinical
experience and 30 min of supervised practical training
on a patient with a similar knee injury. The pressure of
the algometer was applied with the rubber probe posi-
tioned perpendicularly to the skin spot which had been
over the tender point. The participant was asked to say
“now” as soon as the pressure feeling turned into pain.
At this verbal signal, the assessor immediately released
the pressure and noted down the peak force value shown
on the device. The same procedure was done three times
at the same place with a 20-s interval in between each
trial to allow the nociceptors to recover and not to get
sensitized. For the analysis, the mean of the three read-
ings (in Newtons) was used. All the measurements were
done in one session under specified environmental con-
ditions. This protocol is in accordance with established
guidelines for PPT assessment in musculoskeletal pain
research and is also backed by evidence that shows ac-
ceptable intra-rater reliability (ICC=0.78-0.89) for the
Wagner FPX series when administered by trained clini-
cians in knee injury populations [28].

Knee swelling

Swelling of the knee was measured through a non-elas-
tic but flexible tape that was placed around the knee at
the level of the joint line, and this area was identified as
the midpoint between the medial and lateral joint mar-
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gins with the knee in full extension. The participant was
lying down on a plinth with the affected leg relaxed and
fully stretched out. Two measurements were taken suc-
cessively to the nearest 0.1 cm and their mean value was
used for the analysis to improve the reliability [29].

Sample size

A total of 10 participants constituted the sample size
which was determined by taking into account the fea-
sibility factors, such as the recruitment window at the
single recruitment site that had qualified basketball play-
ers with MRI-confirmed partial ACL tears. This sample
size is in agreement with the recommendations for pilot
studies in homogeneous clinical populations that evalu-
ate novel rehabilitation protocols [30].

Statistical methods

The entire statistical analysis was performed using the
IBM SPSS Statistics software, version 26.0. Because
of the very small sample size (n=10) and the non-nor-
mal distribution of all outcome variables, as proven by
Shapiro-Wilk tests (P<0.05 for all measures), it was
compulsory to use non-parametric statistical methods
all through. All the outcomes of the research were com-
pared by the differences between pre- and post-interven-
tion, including primary outcomes (quadriceps strength
in kg through active knee ROM in degrees for flexion,
extension, and internal and external rotation, and PPT
in Newtons) and secondary outcomes (knee circumfer-
ence in cm as an indicator of swelling). The Wilcoxon
signed-rank test was used to determine the statistical sig-
nificance of the changes from baseline to week 12. The
effect size was calculated using the Equation 1:

1. =Z~N

Where Z is the test statistic, and N is the total number
of observations; then, r values of>0.10,>0.30, and >0.50
were defined as small, medium, and large effects, corre-
spondingly. The Mean+SD (descriptive statistics) were
given for all variables at the two time points to assist
clinical interpretation. The significance level was deter-
mined beforehand at 0=0.05, with two-tailed tests for all
the tests performed.

Results
Participants’ characteristics

Ten male basketball players with MRI-confirmed par-
tial ACL tears participated in the study. All participants
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Table 1. Participants” demographic characteristics
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Variables Mean1SD/No. (%) Range
Age (y) 243428 20-29
Height (cm) 182.5+5.6 175-190
Body mass (kg) 78.416.2 68-88
BMI (kg/m?) 23.5+1.4 21.2-25.8
Time since injury (weeks) 6.1+1.3 4-8

Affected limb

Dominant limb affected

Right: 6(60)/Left: 4(40) =

Yes: 7(70) -

were actively competing in regional or national leagues
and sustained their injury during sport-specific activities
(e.g. landing from a jump or rapid deceleration). The
primary demographic and injury-related traits are collec-
tively presented in Table 1.

Within-group changes in outcome measures

Significant improvements were observed across all
primary and secondary outcome measures following
the 12-week multimodal rehabilitation program (Table
2). The Wilcoxon signed-rank test revealed statistically
significant differences (P=0.005) for all variables, with
large effect sizes (1=0.89).

Strength of the quadriceps improved remarkably by
189%, of which the biggest part was reflected in the
range from 20.30 kg to 58.66 kg. Also, active knee flex-
ion rose 14° almost to the normal range (132.4°), and also
extension deficit was reduced from 11.1° to 2.2°, and

[ranian Fehabilitation Mournal

this is already a sign of great reduction of joint stiffness.
Meanwhile, the ROM in rotation doubled as well, with
the internal rotation rising from 7.5° to 15.4" and exter-
nal rotation from 20.3" to 35.8". Pain threshold measured
with PPT improved 143% meaning it increased from
18.9 N to 46.0 N, thus reflecting the substantial reduc-
tion of mechanical hyperalgesia. Knee swelling deter-
mined by the circumferential method decreased by 3.7
cm on average, from 42.6 cm to 38.9 cm.

Discussion

This quasi-experimental research indicates a notable
and statistically valid 12-week rehabilitation program
and Os bagging along with other modalities like pulsed
therapeutic ultrasound and progressive resistance train-
ing, which results in a substantial increase in strength,
knee ROM, mechanical pain sensitivity, and joint swell-
ing in male basketball players with MRI-confirmed

Table 2. Descriptive statistics and results of Wilcoxon signed-rank test

MeantSD
Outcome Measure z P Effect Size (r)
Pre-test Post-test

Quadriceps strength (kg) 20.3+3.77 58.66+9.88 -2.807 0.005 0.89
Knee flexion (°) 118.4+7.41 132.4+2.17 —2.818 0.005 0.89
Knee extension (°) 11.1+3.78 2.2+3.22 -2.814 0.005 0.89
Internal rotation (°) 7.5£1.58 15.443.2 -2.814 0.005 0.89
External rotation (°) 20.3+1.77 35.8+3.58 -2.814 0.005 0.89
Pressure pain threshold (N) 18.9+3.14 4618.08 —2.805 0.005 0.89
Knee circumference (cm) 42.6+2.17 38.9+1.45 -2.803 0.005 0.89

“Statistical significance was defined as P<0.05.
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partial ACL tears. All of the primary and secondary out-
comes showed large effect sizes (r=0.89) with P<0.005,
which not only confirms the hypothesis that biophysical
adjuncts can enhance the efficacy of exercise-based re-
habilitation in this high-risk athletic population but also
allows to conclusively assert that their contribution is
indeed substantial.

The 189% strength increase (from 20.3 to 58.7 kg) of
the quadriceps is especially remarkable because one of
the features of the ACL disease, even in partial tears, is
the quadriceps’ inhibition, which also serves as a major
barrier to attaining functional restoration. This hearty
gain in strength is probably the outcome of the progres-
sive neuromuscular loading and the anti-inflammatory
and oxygenation-enhancing effects of Os therapy work-
ing together. Os has been proven to activate antioxidant
enzymes (e.g. superoxide dismutase [SOD]) and make
mitochondrial respiration more efficient, thus minimiz-
ing exercise-induced oxidative stress and muscle fatigue
[31]. At the same time, pulsed ultrasound might have
enabled the healing ligament to be more mechanically
stable by facilitating collagen realignment and fibroblast
proliferation within it, thus allowing higher training
intensities with no pain exacerbation [32]. The current
results are in accordance with those reported by Saghaei-
nooshabadi et al., who observed increased muscle per-
formance after elastic resistance training in ACL-injured
individuals and contributed to their findings by showing
that pairing such exercises with Os and ultrasound multi-
plies functional outcomes [6].

In a similar vein, the recovery of almost natural knee
ROM-flexion attaining 132.4° (in the usual range of 130-
135%) and the decline of the extension deficit from 11.1°
to 2.2°, point out the successful elimination of arthrogen-
ic muscle inhibition and capsular stiffness. The increase
in rotational mobility (internal and external rotation) by
twice signifies better dynamic joint control, which is
probably due to the neuromuscular re-education part of
the program that went from static stabilization to sport-
specific agility drills [33]. These improvements in ROM
agree with the biomechanical principles set by evidence
and support clinical observations that early mobilization
along with anti-edema strategies speeds up recovery in
subacute ligament injuries [33, 34].

The 143% rise in PPT (from 18.9 to 46.0 N) indicates
a significant drop in mechanical hyperalgesia, which is a
common result of ligamentous trauma leading to periph-
eral and central sensitization. The analgesic effect may
be due to the Os’s ability to modulate the pro-inflamma-
tory cytokines (e.g. TNF-a, IL-6) and the ultrasound’s
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non-thermal bioeffects on the nociceptor’s activity. Also,
the 3.7 cm shrinkage in knee circumference observed
provides a clear sign of the reduction of synovitis and
soft tissue edema that facilitates the pain-free movement
and strength development [35].

Although these remarkable outcomes have been re-
ported, it is still necessary to recognize a number of
limitations. To begin with, the lack of a control group
inhibits the outcome attribution to the intervention alone
and the possibility of the natural history or placebo ef-
fects has not been ruled out. Next, the small number of
participants (n=10) affects the extent to which the find-
ings can apply to broader populations and the statistical
power, but the consistency and size of effects indicate
their strength. Moreover, no blinding of participants and
therapists was done, which brought in the possibility of
performance and detection bias. To add, long-term fol-
low-up was not performed; thus, it is not known whether
the gains will last and whether there is a chance of re-
injury or not.

It is imperative that future studies will throw light on
these shortcomings with randomized controlled trials
that will compare this multimodal protocol with an ex-
ercise-only or standard care, involving larger samples,
concealed allocation, and assessor blinding. Also, re-
search that involves biomarkers like serum IL-6, COMP,
or imaging biomarkers like T2 mapping on MRI could
be helpful in understanding the biological mechanisms
that are responsible for the clinical improvements. More-
over, the longitudinal tracking of return-to-sport rates
and re-injury incidence would be a strong validation of
the clinical utility of this approach.

Conclusion

The output of this 12-week quasi-experimental study
indicates that a multimodal rehabilitation plan combin-
ing Os bagging, pulsed therapeutic ultrasound, and pro-
gressive resistance training resulted in improvements in
quadriceps strength, knee ROM, mechanical pain sensi-
tivity, and joint swelling, not only statistically but also in
a way that could be observed clinically, in male basket-
ball players who had already undergone MRI and were
diagnosed with partial ACL tears. The large effect sizes
along with the restoration of almost normal knee func-
tion, which was shown by flexion reaching 132.4°, ex-
tension deficit being reduced to 2.2°, and PPT more than
doubling, all contribute to restoring the biological and
clinical plausibility of combining biophysical adjuncts
with exercise-based rehabilitation during the subacute
phase of partial ligament injury.
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