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Personalized Multimodal Treatment for Adhesive Capsulitis: A Case
Series on Regenerative Medicine and Noninvasive Therapies

Napoliane Costa Santos’, André Vinicius Saueressig Kruel’, Alex Pontes de Macedo,
Fabio Ramos Costa’, Luyddy Pires', Maria Laura Schiefelbein', Palmerindo Antdnio
Tavares de Mendonga Néto®, Renata Takeyama de Oliveira', Daiane Agostiniz, Jose
Fébio Lana'

Introduction: Adhesive capsulitis causes chronic shoulder pain and restricted range of motion (ROM). Conventional treatments often offer
limited relief, prompting the need for innovative approaches, such as high-intensity pulsed electromagnetic field (PEMF) therapy, shockwave
therapy, and orthobiologic injections. Objective: To evaluate the efficacy of a multimodal approach combining shockwave therapy, high-
intensity PEMF therapy, orthobiologic injections, and complementary therapies in improving pain and shoulder function in patients with
adhesive capsulitis. Methods: This retrospective case series included five patients treated in Indaiatuba, Sdo Paulo, Brazil, between May 2023
and October 2024. Individualized multimodal protocols were performed. Pain and ROM were assessed pre- and post-treatment. Discussion:
All patients showed significant improvements in pain and ROM after treatment. High-intensity PEMF therapy, shockwave therapy, and
orthobiologics enhanced tissue regeneration, supported by complementary therapies. Personalized protocols optimized outcomes, with
synergistic effects observed between treatments. Conclusion: A multimodal, personalized approach effectively reduced pain and improved
function in adhesive capsulitis patients. This strategy shows promise, especially for those unresponsive to conventional treatments, warranting

furtherresearch.
Keywords: Adhesive capsulitis, High intensity pulsed electromagnetic field therapy, Orthobiologics, Regenerative medicine, Shockwave

therapy

Introduction

Adhesive capsulitis (AC) or frozen shoulder is a pathology
characterized by progressive pain of spontaneous onsetin the shoulder
associated with stiffness, pain in the shoulder joint and severely
limiting mobility. Such restriction is secondary to inflammation of the
joint capsule with consequent thickening and adherence of this
structure to itself or to the anatomical neck of the humerus [ 1,2].

Such comorbidity occurs mainly in females aged 40-60 years, with an
incidence of approximately 2%-5% in the general population. This
condition not only affects physical activity but can also have profound
psychological implications for individuals, leading to frustration and a
diminished quality oflife due to chronic discomfort 1, 3].
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AC is a debilitating condition and understanding the multifaceted
nature of AC is crucial. Recent studies indicate that early intervention
with physical therapy can improve outcomes and reduce recovery time
for some patients. Furthermore, other treatments, such as
acupuncture or corticosteroid injections, may provide additional relief
for patients who do not respond well to conventional therapies,
highlighting the need for a personalized approach in the treatment of
this complex condition [4,S].

While conservative traditional treatment is the first-line approach,
many patients experience prolonged recovery and residual functional
limitations. The heterogeneity of responses to conservative treatment
for adhesive capsulitis, with prolonged recovery in many cases,
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Figure 1: Pre-treatmentleft shoulderabduction.

Figure 2: Post-treatmentleft shoulderabduction.

Figure 3: Pre-treatment elevation of both shoulders.

demonstrates the lack of a gold standard for this condition. This has
prompted the exploration of alternative therapeutic strategies, such as
shockwave therapy and regenerative medicine [ 5, 6].

Recent advances in noninvasive therapeutic modalities have
highlighted the potential of extracorporeal shockwave therapy
(ESWT). ESWT can be used as a standalone conservative treatment
or in combination with other physical therapies, orthobiologic
injections, or postsurgical treatments. The ESWT mechanism of
action is multifaceted, involving both mechanical and biological
processes, primarily mediated by mechanotransduction [6, 7, 8].

By inducing mechanotransduction, stimulates tissue regeneration,
reduces pain, and improves range of motion (ROM). ESWT can also
stimulate angiogenesis, enhancing tissue recovery and blood supply. In
addition, can inhibit pain pathways, break down calcium deposits, and

enhance collagen synthesis. It has shown promising results in various
medical fields, providing an effective alternative for patients seeking to
minimize recovery time and improve quality oflife [8, 9].

Another promising noninvasive therapeutic approach for adhesive
capsulitis is high-intensity pulsed electromagnetic field (PEMF)
therapy. PEMF therapy delivers pulsed electromagnetic energy to the
affected tissues, modulating cellular activity, reducing inflammation
and promoting analgesia through its effects on ion exchange and
cytokine pathways. Given its ability to enhance microcirculation and
stimulate tissue repair without invasive procedures, PEMF has
emerged as a

promising adjunctive
treatment for adhesive
capsulitis [7].

Figure 4: Post-treatment elevation of both shoulder.

Figure S: Pre-treatmentright shoulder elevation.

Figure 6: Post-treatment right shoulder elevation.
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In recent years, regenerative medicine has gained traction as a
potential adjunct therapy. Platelet-rich plasma (PRP) therapy, for
instance, harnesses the body’s natural healing potential to accelerate
tissue regeneration and alleviate pain [10, 11]. Another recent
alternative to accelerate the recovery process is bone marrow aspirate
(BMA) [12]. BMA contains mesenchymal stem cells, hematopoietic
stem cells, platelets (containing growth factors), and cytokines. The
anti-inflammatory and immunomodulatory properties of bone
marrow stem cells can facilitate regeneration of tissue. Recent studies
on knee pain showed promising results using BMA as an alternative
treatment [ 13].

It is still unclear, the benefits of combining shockwave therapy with
orthobiologic injections in individuals with AC and chronic shoulder
pain. Considering the multifaceted nature of adhesive capsulitis and its
significant negative impact on individuals’ quality of life, this case
series study aimed to investigate the efficacy of ESWT associated with
orthobiologics injections and other physical therapies in improving
painand shoulder function in five patients with adhesive capsulitis.

Methods

This was a retrospective case series with a contemporaneous
collection of data of five patients who underwent innovative treatment
for adhesive capsulitis at the Brazilian Institute of Regenerative
Medicine, in Indaiatuba, Sao Paulo (Brazil) between May of 2023 and
October of 2024. Before participation, all subjects provided written
informed consent. Patients were evaluated and treated based on
clinicaljudgment.

CasesReports

Casel

A 72-year-old woman presented with chronic bilateral shoulder pain
persisting for 4 years, with progressive worsening over the past 12
months. The pain, described as burning and radiating to both arms,
was rated as 7/10 in the right shoulder and 8/10 in the left on the
Visual Analog Scale (VAS). It severely affected her sleep and daily
activities due to restricted ROM, limited to 90° of flexion and
abduction in both shoulders. Her medical history included multiple
comorbidities, such as Type 2 Diabetes Mellitus, bilateral rotator cuff
injury, and prior hip replacement surgery. Previous treatments,
including analgesics and physiotherapy, had not provided significant
relief.

Treatment began on June 12, 2024, with PEMF (Supraméximus -
Adoxy®) and ESWT (PiezoWave® - Richard WOLF®) for bilateral
shoulder tendinopathy. During the second session on July 17,2024, a
reassessment showed ROM remained limited (90° flexion, internal
rotation to T10, and external rotation to 10°). Focused shockwave
therapy was administered targeting the posterior, anterior, and axillary
shoulder regions. ESWT was applied with 4000 pulses at a depth of 20
mm, a frequency range of 12 to 8 Hz, and intensity varying between 5
and 15, adjusted according to individual tolerability” The third session
was on August 21 and in addition to physical therapies, suprascapular
nerve block was performed using S mL of 1% lidocaine, along with an
intra-articular glenohumeralinjection of 10 mL BMA.

After the third session on August 28, the patient reported a 70%
reduction in pain intensity and improved ROM, with substantial
functional recovery. This integrative approach successfully reduced

painand improved functionalityin 4 sessions.

Case2

A S0-year-old obese woman presented with cervical pain radiating to
the left arm, persisting since July 2023. She reported worsening ROM
(Fig. 1) in January 2024, with pain intensity rated at 8/10 on the VAS.
Previous treatments, including oral and injectable corticosteroids,
NSAIDs, and opioids, failed to provide significant relief.

Treatment began in March 2024 with a multimodal protocol. During
the first session, high-intensity PEMF therapy (Supramiximus -
Adoxy®) and focused shockwave therapy (PiezoWave® - Richard
WOLF®) were performed. ESWT was applied using 4000 pulses at 20
mm depth, a frequency of 12 to 8 Hz, and intensity ranging from 5 to
15, targeting the posterior, anterior, and axillary shoulder regions.
Furthermore, a suprascapular nerve block was performed with SmL of
1% lidocaine, and 10 mL of PRP was injected intra-articularly into the
glenohumeraljoint.

The patient reported a 50% improvement in symptoms. In the second
and third sessions, conducted in April and May 2024, respectively, the
same combination of treatments was repeated. Four weeks after the
second session, the patient showed a 70% improvement in symptoms.
Following the third session, the patient reported a 90% improvement,
with a complete resolution of pain (VAS 0/10) and partial recovery of
ROM. In the fourth session, held in November 2024, the same
protocol was applied. Following this session, the patient experienced
significant recovery of ROM (Fig. 2), with all movements fully
normalized except for external rotation, which remained limited.

Case3

A 69-year-old woman, presented with progressive pain and functional
limitation in both shoulders, predominantly affecting the left side. Her
medical history included osteoporosis and rotator cuff syndrome.
Previous treatments with analgesics, muscle relaxants, physiotherapy,
and intra-articular infiltrations had failed to provide relief. At the initial
examination, ROM was 115° of flexion and internal rotation to T2 on
the right shoulder and 80° of flexion and internal rotation to L4 on the
left shoulder (Fig.3).

Treatment began on August 20, 2024, with a suprascapular nerve
block (5 mL of 1% lidocaine), followed by bilateral intra-articular
glenohumeral injection of BMA at a volume of 10 mL. This was
followed by focused shockwave therapy (PiezoWave® - Richard
WOLF®), administering 4000 pulses at a depth of 20 mm, with a
frequency range of 12 to 8 Hz and variable intensity based on
tolerability, ranging from S to 15, targeting the posterior, anterior, and
axillary regions of the shoulders.

By September 9, the patient reported a 50% improvement in the left
shoulder and 60% in the right shoulder, with pain scores reduced to
6/10and 4/10 on the VAS, respectively. Further sessions repeated the
same protocol, including reapplication of BMA and ESWT. By
October 21, the patient reported being pain-free at rest, with a 70%
improvement in the right shoulder and 50% in the left. After 14
sessions, on November 8, 2024, the patient reported being completely
pain-free with significant ROM recovery (Fig. 4).

Case4
A 50-year-old woman, presented with chronic cervical and upper limb
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pain persisting since 2015, which had progressively worsened over the
past 2 years. She rated the pain as 9/10 on the VAS and reported
episodes of nocturnal numbness and significant movement
limitations. Her medical history included systemic arterial
hypertension, osteoporosis, gastroesophageal reflux disease, and a
prior stroke without significant sequelae. Previous treatments with
corticosteroids, analgesics, opioids, and physiotherapy had failed to
provide satisfactoryresults.

Treatment began in May 2024 with PEMF (Supraméximus - Adoxy®)
targeting the posterior recess of the shoulders and ESWT
(PiezoWave? - Richard WOLF®), administering 4000 pulses at a depth
of 20 mm, with a frequency range of 12 to 8 Hz and intensity varying
from $ to 15 based on tolerability, targeting the posterior, anterior, and
axillary regions of the shoulders. Bilateral injections of PRP were also
administered at the C4-CS and C5-C6 cervical facet levels. The
patient experienced immediate pain relief following the first session,
with gradualimprovementsin posture.

InJune 2024, during the second session, cervical pain was reduced to a
VAS score of 4/10. PRP was then injected bilaterally into the
glenohumeraljoints at a volume of 10 mL each, followed by ESWT. By
September 2024, the patient reported an 80% reduction in pain
intensity. Functional assessment of the left shoulder revealed limited
external rotation of 10° and internal rotation reaching the sacral level.
Additional sessions were conducted in July and August 2024. The final
session in September 2024 included BMA injections (10 mL each)
into the glenohumeral joint and a suprascapular nerve block with 1%
lidocaine. At the end of the treatment, the patient showed significant
symptom relief and marked improvement in functional capacity, with
notable progressin cervical and shoulder mobility.

Case$S

A 66-year-old man, presented with chronic right shoulder pain that
began after a fall 3 years earlier. The pain had progressively worsened,
with severe limitations in shoulder ROM and pain intensity of 7.5/10
on the VAS. His medical history included systemic arterial
hypertension, treated with losartan and amlodipine. Previous
treatments with simple analgesics were ineffective. On initial
examination, severe limitations in elevation, flexion, abduction, and
bothinternal and external rotation of the right shoulder were observed
(Fig.s).

Treatment began in May 2023 with PEMF (Supraméximus - Adoxy®)
targeting the posterior recess of the shoulder, followed by ESWT
(PiezoWave? - Richard WOLF®) with 4000 pulses at a depth of 20 mm,
a frequency range of 12 to 8 Hz, and intensity varying from S to 15
based on tolerability, targeting the posterior, anterior, and axillary
regions of the shoulder. A suprascapular nerve block with S mL of 1%
lidocaine was also performed, along with an intra-articular injection of
platelet-rich fibrin (PRF) into the glenohumeral joint ata volume of 10
mL.

In June, the same protocol was repeated, and the patient reported an
80% reduction in pain, with continued improvement in subsequent
sessions. The same protocols were applied monthly until August 1st,
2023, when the patient achieved 90% pain relief. During this session,
pulsed radiofrequency was applied to the intra-articular glenohumeral
region, followed by injections of injectable PRF (I-PRF): 12 mL into
the glenohumeral joint and 3 mL into the subacromial bursa. On

October 2, 2023, the patient reported 100% symptom relief (VAS
0/10) and complete recovery of ROM (Fig. 6).

Results

Five individuals diagnosed with adhesive capsulitis, characterized by
chronic shoulder pain and limited ROM, participated in this study.
The group included four females and one male, aged between 50 and
72 years. Treatment duration ranged from 3 to 7 months, tailored to
each patient’s needs, with the interval between sessions determined
based on medical evaluations during treatment.

All patients underwent high-intensity PEMF and shockwave therapy
combined with innovative protocols designed to accelerate recovery.
These protocols included orthobiologic injections — such as PRP and
BMA - combined with laser therapy, radiofrequency, and/or
mesotherapy. The choice of protocol was customized for each session,
based on the patient’s symptoms and specific requirements.

At the conclusion of treatment, all patients demonstrated significant
clinical improvement, including a substantial reduction in pain and
marked enhancementin ROM.

Discussion

This case series highlights the effectiveness of a multimodal approach
combining shock wave therapy and high-intensity PEMF therapy
with orthobiologic injections and complementary treatments for
managing adhesive capsulitis (AC). The results demonstrate that
personalized protocols tailored to each patient’s clinical presentation
and treatment response can yield significant improvements in pain
relief and shoulder function. All five patients, despite their diverse
clinical histories and varying degrees of severity, showed marked
reductionsin pain and enhancements in ROM following treatment.
AC is notoriously challenging to manage due to its multifactorial
nature and the variability in patient responses to conventional
treatments [ 1,2]. While first-line therapies, such as physiotherapy and
corticosteroid injections, are widely used, they often provide limited
and temporary relief, as observed in the medical histories of our
patients [S]. This underscores the need for alternative approaches,
such as the innovative protocols described in this study.
Extracorporeal Shock Wave therapy (ESWT) has shown promise as a
noninvasive treatment for musculoskeletal conditions. In this study, its
role in enhancing tissue regeneration and reducing pain through
mechanotransduction mechanisms proved to be a cornerstone of the
therapeutic strategy [14]. The combination of ESWT with
orthobiologic injections, such as PRP and BMA, likely amplified the
regenerative processes, providing accelerated and sustained recovery.
These injections deliver concentrated growth factors, cytokines, and
mesenchymal stem cells, which have demonstrated efficacy in
reducing inflammation and promoting tissue healing. Our results align
with previous studies that have demonstrated the effectiveness of
orthobiologic injections as adjunct therapies in improving pain and
functionin various musculoskeletal conditions [11,13].
High-intensity PEMF therapy has also demonstrated significant
benefits as an adjuvant treatment for adhesive capsulitis, particularly
in reducing pain and improving function. By modulating cytokine
pathways and enhancing microcirculation, PEMF promotes analgesia,
reduces inflammation, and supports tissue regeneration. Our findings
align with recent studies demonstrating that PEMF therapy effectively
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improves ROM and reduces pain intensity, serving as a safe and
effective adjunct to conventional treatments [15].

The inclusion of complementary therapies, such as mesotherapy, laser
therapy, and radiofrequency, further optimized treatment outcomes
by addressing the specific needs of each patient. Forinstance, the use of
laser therapy likely enhanced local circulation and tissue repair, while
radiofrequency may have contributed to pain modulation and the
reduction of chronic inflammation. These modalities appear to have a
synergistic effect when combined with PEMF, ESWT, and
orthobiologics, providing a comprehensive treatment for adhesive
capsulitis [16].

Notably, all patients in this series achieved significant pain relief, with
some reporting complete resolution of symptoms (VAS 0/10).
Improvements in ROM were also consistent, with patients regaining
the ability to perform activities of daily living and achieving substantial
functional recovery. The results align with recent literature that
emphasizes the potential of regenerative medicine and shockwave
therapyin treating chronic shoulder conditions [17].

Based on the study of these cases, we developed a protocol involving a
multimodal approach. Our suggested protocol involves the use of
high-intensity PEMF therapy for analgesic purposes, applying the
applicators to the posterior shoulder region (covering the posterior
joint recess and the suprascapular nerve) for 10 to 15 min. Followed by
radial pressure wave or focused shockwave therapy on the following
pointsand parameters:

1. 1000 pulses at a high frequency of 12 to 15 Hz at an intensity
tolerable to the patient, covering the entire global shoulder region to
block substance P, promoting analgesia and desensitization

2. 1000 pulses at a lower frequency of approximately 8 Hz in the
coracoid region

3. 1000 pulses at a lower frequency of approximately 8 Hz in the
supraspinatus tendon region

4. 1000 pulses at a lower frequency of approximately 8 Hz in the

posteriorjointrecessregion

S. 1000 pulses at a lower frequency of approximately 8 Hz in the
axillary region (avoid focused shockwave therapy over the axillary
artery to preventarterial injury).

These points were defined after analyzing that most patients with
adhesive capsulitis presented trigger points in these regions, which
alsoinvolves the joint capsule area.

The decision to use an orthobiological product depends on the
patient’s approach. In our patients, we primarily used BMA, which
delivers a product rich in growth factors and mesenchymal cells and
possesses notable analgesic properties due to the presence of
interleukin-1 receptor antagonist. Approximately 10 mL was
administered intra-articularly.

Despite the promising outcomes, this study has limitations inherent to
the case series, such as the small sample size and the absence of a
control group. In addition, the retrospective design and reliance on
clinical judgment to determine treatment protocols may introduce
variability in the results. Future studies with larger cohorts,
standardized protocols, and control groups are warranted to validate
these findings and further explore the mechanisms underlying the
observed clinical improvements.

Conclusion

This case series supports the use of a multimodal approach combining
shockwave therapy with high-intensity PEMF therapy, orthobiologic
injections, and complementary treatments as an effective strategy for
managing adhesive capsulitis. The personalized nature of the
protocols allowed for adaptation to each patient’s needs, resulting in
significant reductions in pain and improvements in shoulder function.
These findings highlight the potential of this innovative approach to
improve outcomes in patients with adhesive capsulitis, particularly
those who have failed to respond to conventional treatments.
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