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meniscal tears results in a decreased T2 relaxation time
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Abstract
Purpose: The optimal management of degenerative meniscal tears
remains controversial. Extracorporeal shockwave therapy (ESWT) has
been shown to promote tissue repair in both preclinical and clinical studies;
however, its effect on degenerative meniscal tears remains unknown. This
study aimed to examine whether ESWT improves meniscal degeneration.
Methods: This randomized trial was conducted between 2020 and 2022
and involved patients with degenerative medial meniscal tears. Patients
were allocated to receive either focused ESWT (0.25mJ/mm2, 2000
impulses, 3 sessions with a 1‐week interval) or sham treatment. Patients
were evaluated using magnetic resonance imaging (MRI) before treatment
and at 12 months after treatment. The primary endpoint was improvement in
meniscal degeneration, as assessed by the change in T2 relaxation time
from baseline on MRI T2 mapping. Knee pain and clinical outcomes were
also examined at the same time.
Results: Of 29 randomized patients, 27 patients (mean age 63.9 ± 8.7
years; females 37%; ESWT group 14 patients; control group 13 patients)
were included in the final analysis. At 12 months postintervention, patients
in the ESWT group showed a greater decrease in the T2 relaxation time
(ESWT group −2.9 ± 1.7 ms vs. control group 1.0 ± 1.9 ms; p < 0.001) and
had less knee pain (p = 0.04). The clinical outcomes at 12 months post‐
treatment were not statistically significant. No adverse events were
reported.
Conclusion: ESWT decreased the T2 relaxation time in the meniscus at 12
months post‐treatment. ESWT also provided pain relief, but no differences
were observed in clinical outcomes.

Level of Evidence: Level II.
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INTRODUCTION

Extracorporeal shockwave therapy (ESWT) involves
the delivery of an acoustic shock wave to a specific
area of the body. ESWT has been used to treat various
orthopaedic disorders, including tendonitis, entheso-
pathy, calcification and pseudoarthrosis [12, 42].
Previous studies have reported that low‐energy ESWT
is minimally invasive, repeatable and effective by
promoting biological processes such as tissue regen-
eration, bone remodelling, anti‐inflammation and carti-
lage protection [6, 10, 17, 37]. In bone and cartilage,
ESWT stimulates both progenitor and differentiated
cells, and mechanical pressure on the cells has a
positive effect on the pathology by increasing the
expression of cell‐specific proteins and cell viability
[46]. Furthermore, the clinical utility of ESWT in knee
osteoarthritis has been demonstrated [22, 40]. Regard-
ing the effect of ESWT on meniscal tears, it was
previously demonstrated that the tissue repair of medial
meniscal tears was promoted by ESWT, and the
degenerated medial meniscus was observed to be
protected in a rat model [13, 39]. Despite its potential
therapeutic effect on the human meniscus, clinical
studies examining the effects of ESWTon degenerative
meniscal tears are lacking.

Degeneration of the meniscus is characterized by a
disorganized collagen network, decreased proteo-
glycan levels and increased water content [26, 44].
While conventional magnetic resonance imaging (MRI)
has high sensitivity and specificity to detect meniscal
tears [5, 35], it has limited utility in assessing
degeneration of the meniscus [28, 45]. Recently,
quantitative MRI has been increasingly utilized to
obtain information on the composition of specific
tissues of interest [3, 27, 31]. In particular, T2 mapping
enables the evaluation of the meniscal condition by
measuring the T2 relaxation time, which can detect
water content, composition and anisotropic changes in
collagen fibres [1, 9, 23, 24]. T2 mapping has been
shown to have a correlation with the degree of
histological degeneration [9, 29] and has been utilized
in clinical studies [3, 30, 47]. Therefore, the T2
relaxation time was focused on in this study, as it is
considered a compositional biomarker for quantifying
meniscus degeneration.

There is still no established treatment for degener-
ative meniscus, and this remains a clinical challenge
[25]. In particular, since few treatments have been
found to achieve any biological improvements, the
tissue repair effects of ESWT were focused on in this
study. The purpose of this exploratory randomized trial

was to examine whether ESWT has a biological
therapeutic effect on degenerative meniscal tears by
evaluating the T2 relaxation time. It was hypothesized that
a decrease in the T2 relaxation time in the degenerated
meniscus would be observed at 12 months after the
intervention with ESWT.

MATERIALS AND METHODS

Trial design

The trial protocol was approved by the Gunma
University ethics committee　(IRB2020020‐001) and
was registered in the Japan Registry of Clinical Trials
(jRCTs032200082). This was a placebo‐controlled
(specifically, sham‐controlled), single‐centre, random-
ized clinical trial with a 1:1 parallel group. This study,
which included symptomatic patients with degenerative
meniscal tears, was conducted between 2020 and
2022. All participants were informed of the purpose and
content of the study, and they provided written informed
consent. We followed the Consolidated Standards of
Reporting Trials (CONSORT) guidelines.

Participants

Patients who were 40 years of age or older with
degenerative meniscal tears were included in this study
(Table 1). Any patients with advanced knee osteo-
arthritis (Kellgren–Lawrence grade 3 or 4) were
excluded. Prior to enrollment, patients were assessed
for physical findings and underwent routine knee
radiography and conventional MRI to evaluate menis-
cal tears. The principal investigator (S. H.) assessed
patient eligibility. After enrollment, the patients were
randomly assigned to receive ESWTor sham treatment
using a software programme (HOPE eACReSS).

Intervention

In this study, an ESWT device (DUOLITH® SD1;
STORZ MEDICAL) was used. Intervention protocols
were determined based on a previous study [12]. The
total energy flux density was increased continuously
from 0.01 to 0.25mJ/mm2 within 500 introductory
impulses. Thereafter, 2000 treatment impulses with
0.25mJ/mm2 (four impulses per second) were admi-
nistered per session, and the intervention was repeated
up to a total of three sessions in weekly intervals. The
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intervention group felt some pain with an increase in
energy, but no patient was unable to tolerate the pain,
and all were able to increase their energy to
0.25mJ/mm2.

In the control group, a placebo pad was used to
prevent the shock waves from reaching the patient.
The control group was given the same sham
intervention with the same standoff as in the previous
study [12], prepared using STORZ MEDICAL. This
standoff was filled with air, and the shock wave could
not transmit air; thus, no energy could reach the
patient. The placebo handpieces were identical in
design, shape and weight; therefore, participants
were unable to identify the placebo handpieces.
Patients were not informed of their respective
procedures during the study period.

Before shockwave delivery, the location of the
posterior segment of the meniscus was identified using
ultrasonography in the prone position to determine the
precise location of the target. Since treating only the
precise site of the meniscus is difficult, a slightly wider
area around the injured meniscus was treated. Both
ESWT and the sham treatment were performed in the
same manner by the authors (S. H. and H. O.).

In this study, we did not standardize the rehabilita-
tion therapy and medication because there was no
established clinical bundle. Patients in both groups
received regular outpatient instructions regarding their
daily activities or sports participation.

Primary outcome (T2 mapping)

The primary endpoint was the change in T2 relaxation
time on MRI T2 mapping from baseline to 12 months
after treatment. T2 mapping enables the assessment of
the degree of meniscal degeneration with high sensi-
tivity and specificity. The more severe the meniscal
degeneration, the longer the T2 relaxation time [29].

For T2 mapping, a Signa HDxt 1.5 T MRI machine
(GE Healthcare) and a Transmit/Receive 8 Channel
Knee Coil with a T2 mapping sequence were used
(repetition time = 1200ms; echo time = 8 echoes
(8–63.6 ms); flip angle = 90°; bandwidth = 244 Hz/pixel;
field of view = 150 × 150mm; matrix size = 256 × 160
pixels; voxel size = 0.6 × 0.9 × 4.0 mm). The region of
interest for the measurement of T2 relaxation times
was set according to the area of the injured meniscus
showing high signal intensity on The T2* sequence
acquired at the same time (Figure 1) [47]. The T2
relaxation time was measured as the average of the
entire meniscus at the site of the tear. Each patient was
measured at the same site at eligibility assessment and
at 6 and 12 months after the intervention. To evaluate
the measurement accuracy of the T2 relaxation time,
the standard error of measurement (SEM) was
calculated by performing five measurements on the
same subject. To calculate the inter‐ or intra‐class
coefficient (ICC), the T2 relaxation time was measured
by knee surgeons with >10 years of experience, who
were blinded to the patient allocation, by reading 30
selected films twice in 2 weeks.

Other outcomes

Patients were also evaluated for the following out-
comes: numerical rating scale (NRS) for knee pain, the
use of analgesics such as non‐steroidal anti‐
inflammatory drugs (NSAIDs) or acetaminophen at
least once a day for meniscus injuries, physical findings
(range of motion [ROM], presence of patellar floating,
McMurray test) and patient‐reported outcomes (PROs),
including the International Knee Documentation Com-
mittee [IKDC] subjective knee evaluation form, Lysholm
score and knee injury and osteoarthritis outcome score
[KOOS] at each outpatient visit (each treatment
session, 3, 6 and 12 months after treatment).

Adverse events

Adverse events were defined as unexpected events
attributable to the allocated treatment. We assessed
whether patients experienced any adverse events from
their intervention at each outpatient visit during the
study period.

TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria

Age ≥40 years

Degenerative meniscus tear of the medial posterior segment
diagnosed by MRI

Knee pain with a NRS of ≥2

PS 0–1

Treatment on an outpatient basis

Exclusion criteria

Osteoarthritis classified as ≥K‐L G3

Cognitive impairment

Untreated haemophilia or other blood coagulation disorder or
taking anticoagulants

History of thrombosis

Complications of malignancy

Pregnant

>6 months of steroid therapy or within 6 weeks after steroid
injection

Abbreviations: K–L, Kellgren–Lawrence; MRI, magnetic resonance imaging;
NRS, numerical rating scale; PS, performance status.
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Statistical analysis

For continuous variables, the normality of the distribu-
tion was tested using Levene's test. Independent
t‐tests and chi‐square tests were performed to assess
between‐group differences in the cross‐sectional eva-
luation of the secondary outcomes. For longitudinal
analysis of the primary outcome, a paired‐sample t‐test
was performed. Data are expressed as mean ± SD. For
all statistical analyses, significance was set at p < 0.05.
All statistical analyses were performed using the IBM
SPSS Statistics version 26 for Windows.

The sample size was calculated using a software
programme (G*Power 3.1, HHU). Based on a previous
study [24], it was assumed that the mean T2 relaxation
time in a meniscus with degenerative tears was
approximately 3.0 ms higher than that in a normal
meniscus, with a standard deviation of 3.0 ms (esti-
mated effect size, 1.0). A power analysis indicated that
a total sample size of 16 patients (eight patients in each
cohort) would provide 80% power (β = 0.20, α = 0.05) to
detect a difference in T2 relaxation time. Accordingly,
we planned to include 15 knees per group to account
for any potential dropout.

RESULTS

Patient characteristics

A total of 29 patients underwent randomization between
2020 and 2021 (Figure 2). One patient assigned to the
ESWT group was excluded immediately after random-
ization because of a meniscus injury, which precluded
further evaluation of MRI findings. Another patient in
the control group underwent surgery after a 6‐month

evaluation and was excluded. Consequently, 27 patients
were included in the final analysis (mean age,
63.9 ± 8.7 years; women 11 and men 16). All patients,
except those excluded during the study period,
completed follow‐up. The baseline characteristics of
the two groups were similar (Table 2), with no
differences in sex, age, height, weight, body mass
index, comorbidities, sports activities, smoking history,
drinking history, duration of symptoms, Mink grade 3,
or K–L classification. The common comorbidities were
hypertension in nine patients, dyslipidemia in five,
hyperuricemia in four, mild diabetes mellitus in two
and cardiac disease in two.

Primary outcome: MRI T2 mapping

All 27 participants underwent T2mapping 6 and 12months
post‐intervention. The T2 relaxation time was measured,
and the SEM was 0.31ms, and the intra‐ and inter‐ICCs
were 0.85 and 0.89, respectively. The T2 relaxation
time significantly decreased from baseline (32.2 ± 2.9ms)
to 6 months (30.4 ± 3.4ms, p< 0.001) and 12 months
(29.4 ± 3.5ms, p<0.001) in the ESWT group while it
remained unchanged in the sham treatment group
(Table 3). There was a significant difference between the
two groups in the mean change in T2 relaxation time from
baseline to 12 months (ESWT, −2.9 ± 1.7ms vs. control,
1.0 ± 1.9ms; p<0.001), indicating improvement of the
meniscus degeneration in the ESWT group (Figure 3).

Improvement of pain

The ESWT group showed significant improvement in
knee pain during the 3‐week intervention sessions. The

F IGURE 1 Region of interest for T2 mapping of meniscus tears. (a) Overview of the medial meniscus in the sagittal plane on the T2*
sequence. (b, c) Magnification of the white square shown in (a). (b) T2 colour mapping. The warm‐coloured region on T2 colour mapping that is
coincident with the region of signal change at the meniscal injury on conventional magnetic resonance imaging was defined as the region of
interest for this patient. (c) The area surrounded by the line indicates the whole meniscus. T2 relaxation times were measured on T2 mapping.
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ESWT group also showed improvement in knee pain,
which was significantly lower than that in the control
group at 3 months (p = 0.042) and 12 months
(p = 0.038) (Table 4 and Figure 4a,b). At the final
follow‐up examination at 12 months, no patients in the
ESWT group required analgesics, while three patients
in the control group regularly used analgesics for knee
pain (NSAIDs, n = 2; acetaminophen, n = 1).

Physical findings and PROs

At 12 months post‐intervention, the physical findings
(ROM, patellar floating and McMurray test) of the two
groups were similar (Table 5). All PROs in both groups
improved significantly from baseline to 12 months post‐
intervention (p < 0.001). The mean Lysholm score,
IKDC score and KOOS were higher in the ESWT
group than in the control group at 12 months after
treatment, although the differences were not statisti-
cally significant (Table 5).

Adverse events

No adverse events occurred during the study period in
either of the groups.

DISCUSSION

The most important finding of the present study was
that ESWT led to a significant decrease in the T2
relaxation time in the degenerated meniscus at 12
months post‐intervention, thus indicating that it may
improve the condition of the degenerated tissue. ESWT
also provided pain relief at 12 months post‐
intervention. The present study is the first randomized
clinical trial to examine the efficacy of focused ESWT
for the treatment of degenerative meniscal tears.

Comparison with the relevant literature

Degenerative meniscal tear is a common finding in
osteoarthritic knees; however, the current treatment is
mostly limited to arthroscopic partial meniscectomy
rather than regeneration of the injured meniscus [2, 19].
Recently, orthobiologics, such as platelet‐rich plasma
and mesenchymal stem cells (MSCs), have emerged
as potential therapeutics to improve meniscal healing
[34]. Platelet‐rich plasma is clinically used for meniscal
repair, although its efficacy remains controversial [14].
Satisfactory clinical results have been reported after
the transplantation of synovial MSCs [36] and bone
marrow‐derived MSCs [41] for degenerative tears.

F IGURE 2 Consolidated Standards of Reporting Trials (CONSORT) diagram. Flow diagram of enrollment, allocation, follow‐up and analysis
showing patient exclusion over the course of the study. ESWT, extracorporeal shockwave therapy.
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However, these treatments are difficult to implement in
practice because of cost issues and limited clinical
evidence. Therefore, several challenges remain in the
treatment of degenerative meniscal tears. ESWT has
the potential to be a simple, repeatable, safe and
unique adjunctive treatment for the improvement of
degenerative meniscus tears.

TABLE 2 Patient characteristics.

ESWT
group (n = 14)

Control
group (n = 13)

Sex

Female 5 (36%) 6 (46%)

Male 9 (64%) 7 (54%)

Agea (years) 65.5 ± 9.0 63.5 ± 7.0

Heighta (cm) 163.0 ± 9.4 162.4 ± 9.7

Weighta (kg) 63.6 ± 12.0 63.6 ± 9.3

BMIa (kg/m2) 23.8 ± 3.3 24.2 ± 2.6

Comorbidities 2 (14%) 4 (31%)

Sports activities 6 (42%) 4 (31%)

Duration from onseta

(months)
6.2 ± 4.9 6.7 ± 4.5

Mink grade (0/1/2/3A/3B) 0/0/2/6/6 0/0/2/4/7

K–L classification
(0/1/2/3/4)

5/7/2/0/0 3/6/4/0/0

Femorotibial angle 176.6 ± 1.9 176.6 ± 3.7

ROM extensiona (°) −0.7 ± 1.8 −2.1 ± 3.2

ROM flexiona (°) 136.8 ± 9.1 135.4 ± 4.5

Patellar floating 1 (7%) 3 (23%)

McMurray test 9 (64%) 12 (92%)

IKDCa 59.9 ± 17.9 53.8 ± 10.4

Lysholm scorea 82.1 ± 10.8 65.3 ± 14.0

KOOS

Symptomsa 74.5 ± 20.5 72.2 ± 16.1

Paina 76.0 ± 15.3 63.5 ± 7.0

ADLa 85.5 ± 13.5 77.7 ± 9.9

Sports/Reca 58.2 ± 23.3 47.3 ± 21.1

QOLa 48.7 ± 14.1 43.7 ± 14.1

Abbreviations: ADL, activities of daily living; BMI, body mass index; ESWT,
extracorporeal shockwave therapy; IKDC, International Knee Documentation
Committee; K–L, Kellgren–Lawrence; KOOS, knee injury and osteoarthritis
outcome score; QOL, quality of life; ROM, range of motion.
aValues are presented as mean ± SD.

TABLE 3 Primary outcome data: T2 relaxation time.

ESWT
group
(n = 14) p Valuea

Control
group
(n = 13) p Valuea

Pretreatmentb 32.1 ± 2.9 30.2 ± 3.2

6 monthsb 30.4 ± 3.4 <0.001 30.9 ± 3.3 n.s.

12 monthsb 29.4 ± 3.5 <0.001 31.2 ± 3.0 n.s.

Abbreviations: ESWT, extracorporeal shockwave therapy; n.s., not significant.
aPaired‐sample t‐test with reference to pretreatment.
bValues are presented as mean ± SD.

F IGURE 3 Change in T2 relaxation time after 12 months. Graph
showing the box and whisker plot in T2 relaxation time for magnetic
resonance imaging T2 mapping 12 months after intervention. The
ESWT group had a significantly greater reduction in T2 relaxation
time than the control group at 12 months (ESWT group −2.9 ± 1.7 ms
vs. control group 1.0 ± 1.9 ms; p < 0.001). ESWT, extracorporeal
shockwave therapy.

TABLE 4 The numerical rating scale for knee pain and use of
analgesics.

ESWT
group
(n = 14)

Control
group
(n = 13) p Value

NRS for knee pain

Pretreatment 3.4 ± 1.9 4.3 ± 1.5 n.s.

1 week (first treatment)a 2.7 ± 1.9 4.3 ± 1.5 0.02

2 weeks (second
treatment)a

2.3 ± 1.7 4.1 ± 1.6 0.01

3 weeks (third treatment)a 1.2 ± 1.3 4.1 ± 1.5 <0.001

3 monthsa 1.2 ± 1.1 2.5 ± 2.0 0.04

6 monthsa 0.9 ± 0.9 1.9 ± 1.9 n.s.

12 monthsa 0.4 ± 0.8 1.9 ± 2.1 0.04

Analgesics use

Pretreatment 2 (14%) 2 (15%) n.s.

3 months 1 (7%) 2 (15%) n.s.

6 months 0 (0%) 3 (23%) n.s.

12 months 0 (0%) 3 (23%) n.s.

Abbreviations: NRS, numerical rating scale; n.s., not significant.
aValues are presented as mean ± SD.
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Different approaches for treating degenerative
meniscus using external stimuli have also been
intensively investigated, particularly in animal models.
Low‐intensity pulsed ultrasound (LIPUS) has been
reported to protect the meniscus from degenerative
changes and promote tissue repair of meniscal tears in
a rat model [20]. It was previously shown that ESWT,
which provides a more potent stimulus to cells than
LIPUS, has a therapeutic effect in a rat model of medial
meniscal tears [13]. Furthermore, it was demonstrated
that ESWT suppressed the progression of meniscal
degeneration in a rat model of meniscal degeneration
following anterior cruciate ligament tears [39]. In the
present clinical study, ESWT was found to have a
beneficial effect on degenerative meniscal tears.
Regarding safety, no serious adverse events were
observed in the patients treated with ESWT. Our results
demonstrate that ESWT is a potential adjunct treatment
for degenerative meniscal tears.

ESWT is known to have regenerative effects on
various tissues, including tendons, ligaments and

bones [6, 10, 12, 17, 22, 37, 40]. The efficacy of ESWT
is due to the direct stimulation of the cells and can be
ascribed to the transduction of the acoustic shockwave
signal into biological signals that result in cell prolifera-
tion or differentiation through a mechano‐transduction
process [10, 37]. ESWT promotes tissue regeneration
via the upregulation of gene expression, such as vessel
endothelial growth factor, proliferating cell nuclear
antigen, transforming growth factor‐beta1 and bone
morphogenetic proteins [18, 42, 43]. In our previous
research using a rat model, we showed that a
reparative effect of ESWT was facilitated by cartilage‐
specific genes [13, 39]. We found that ESWT exerts its
therapeutic effect through the upregulation of the
cartilage repair factors SRY‐box transcription factor 9
(SOX9) and cellular communication network factor 2
(CCN2). Additionally, ESWT promoted the cellular
activity and mRNA expression of collagen type 2. In
accordance with our findings, a previous study in a
rabbit model reported that ESWT increased the
expression of SOX9 during the healing of tendon bone
insertion [7].

The present study was conducted using the ESWT
intervention protocol recommended by the Interna-
tional Society for Medical Shockwave Treatment
(0.25 mJ/mm2, 2000 impulses and 3 sessions of
treatment with a 1‐week interval). However, the
optimal protocol for ESWT remains unclear. ESWT
has been reported to have different therapeutic effects

F IGURE 4 Short‐term and long‐term changes in pain.
(a) numerical rating scale (NRS) of knee pain during the intervention:
the extracorporeal shockwave therapy (ESWT) group showed
significant pain improvement from the first treatment (1 week) to
the third treatment (3 weeks). (b) NRS of knee pain during
intervention; the ESWT group showed significant improvement in
pain at 3 and 12 months post‐intervention.

TABLE 5 Physical findings and patient‐reported outcomes at 12
months post‐treatment.

ESWT
group (n = 14)

Control
group (n = 13) p Value

ROM
extensiona (°)

−0.7 ± 1.8 −2.3 ± 3.3 n.s.

ROM flexiona (°) 137.5 ± 7.8 136.2 ± 3.6 n.s.

Patellar floating 1 (7%) 1 (8%) n.s.

McMurray test 1 (7%) 5 (38%) n.s.

IKDCa 75.3 ± 13.5 65.5 ± 14.8 n.s.

Lysholm scorea 90.6 ± 10.6 86.4 ± 16.0 n.s.

KOOS

Symptomsa 91.8 ± 11.9 86.1 ± 12.7 n.s.

Paina 92.3 ± 10.4 85.5 ± 12.2 n.s.

ADLa 95.8 ± 6.2 93.7 ± 9.2 n.s.

Sports/Reca 79.3 ± 25.3 73.5 ± 22.2 n.s.

QOLa 72.3 ± 22.0 68.8 ± 23.0 n.s.

Abbreviations: ADL, activities of daily living; ESWT, extracorporeal shockwave
therapy; IKDC, International Knee Documentation Committee; KOOS, knee
injury and osteoarthritis outcome score; n.s., not significant; QOL, quality of life;
ROM, range of motion.
aValues are presented as mean ± SD.
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depending on the intensity of energy and number of
impulses and sessions in various diseases [11, 48].
Whereas protocol modifications, such as the number
of sessions or impulses, promote a reduction in T2
relaxation time and improved clinical outcomes remain
open to investigation.

In this study, patients who received ESWT experi-
enced immediate and long‐lasting pain relief. The pain‐
relieving effect of ESWT is considered to be mainly due
to the denervation of the free endings of pain‐inducing
sensory nerves [15, 33]. ESWT has also been shown to
inhibit two pain transmitters (calcitonin gene‐related
peptide and substance‐P) in a rat model [16, 21, 32,
38]. In contrast to the relatively established role of
ESWT in short‐term pain relief, its long‐term effects
remain much less understood. Previous clinical studies
have produced mixed results in terms of long‐term pain
after ESWT [4, 8]. Further research on the underlying
mechanism is needed.

The present study is associated with several
limitations. First, in this exploratory study, the biological
effects of ESWT were evaluated using quantitative
MRI. Although a difference in the primary outcome (i.e.,
change in the T2 relaxation time) was successfully
detected, the study had insufficient statistical power to
validate the clinical effectiveness of ESWT. A larger
study with a primary clinical endpoint is required to
confirm the effectiveness of ESWT. Second, complete
masking was not possible because ESWT caused
minimal pain during the delivery. Finally, we were
unable to standardize the rehabilitation programme for
patients. However, we assumed that the variations
were minimal because the trial was conducted by a
team at a single institution. Third, In the context of T2
mapping for cartilage and meniscus assessment, many
studies have utilized 3 T MRI. However, at our facility,
such equipment was unavailable. While there are
studies evaluating meniscal treatment or cartilage
using 1.5 T MRI [3, 23, 27], the potential impact of
equipment differences on our current results cannot be
disregarded.

CONCLUSION

In this exploratory randomized trial involving sympto-
matic patients with degenerative meniscal tears, ESWT
led to a significant decrease in the T2 relaxation time
on T2 mapping in the degenerative meniscus, indicat-
ing that it may improve the condition of the meniscus.
Our results demonstrate that ESWT may, therefore, be
a potentially effective adjunct treatment for degenera-
tive meniscal tears.
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