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Introduction

Osteoarthritis, a disabling joint disease is one persistently 
creating much suffering in later life, no matter where the older 
person resides [1]. Generally considered progressive, rather than 
readily reversible or simple to arrest, this condition whose origins 
remain uncertain is commonly distinguished by pathological 
alterations in the joint capsule and its synovial membrane lining, 
its articular cartilage shock absorbing structure and function, 
subchondral bone micro fractures and bone marrow lesions. In 
addition, muscle and tendon attrition, nerve receptor alterations, 
and ligamentous damage of the incident joint such as the shoulder  

 
are common disabling correlates.

In the absence of any apparent tendency towards repair, 
the presence of one or more of the aforementioned complex 
chronic destructive joint changes commonly resulting in multiple 
challenging physical symptoms such as pain, stiffness, joint 
instability, muscle weakness, joint tenderness, and impaired 
mobility is rarely successfully attenuated or reversed [2, 3]. 
Moreover, at the shoulder joint, the condition, also termed 
glenohumeral osteoarthritis, may be accompanied by varying 
degrees of tendon damage or tendinopathy as well as extensive joint 
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destruction due to remodelling of those bone surfaces and margins 
that lie adjacent to cartilage and interface with four key shoulder 
muscles, potentially affecting their humeral bone stabilizing and 
muscle reflex protective roles. As well, there may be varying degrees 
of: shoulder joint inflammation, tissue impingement, muscle fat 
infiltration and atrophy, muscle mass declines, active and passive 
movement limitations, losses of joint stability, joint deformity, joint 
kinematic alterations, diminished muscle endurance, functional 
challenges and adverse local and central reactive neural responses 
that contribute to the disease burden.

While generally deemed ‘untreatable’ other than by palliative 
medication approaches and surgery, research shows low intensity 
pulsed ultrasound [LIPUS], a non-thermal mode of biophysical 
energy with bone healing potential especially in the elderly [4, 
5] may exert possible favorable regenerative mechanical and 
biochemical stimulatory effects on other osteoarthritis affected 
joint tissues, not only on bone cells [5-8]. In particular, they may 
deactivate those pathophysiological processes that arise from 
a dysregulation in the function of cytokines and growth factors, 
prostaglandins, cartilage matrix fragments, neuropeptides, reactive 
oxygen intermediates, proteolytic enzymes and protease inhibitors 
involved in fostering a cycle of cartilage, bone, ligaments, muscle 
and synovial impairments. Their application may successfully 
attenuate inflammatory responses and the degree of prevailing 
peripheral and central nervous system pain sensitization [3, 8, 9] 
and brain compensation responses in the face of perpetual shoulder 
dislocation [10]. As well, tendon-bone interfaces at the diseased 
shoulder joint that are essential for effective muscle modulation 
effects may be reinforced post LIPUS stimulation [11-13], as may 
possibly repair of articular cartilage and bone damage essential for 
reducing osteoarthritis disease severity [14-17].

Unsurprisingly, while still a realm of study that is not agreed 
upon by all and remains largely preclinical, LIPUS applications 
have been touted as being a possible intervention adjunct of high 
promise and clinical relevance both as a preventive as well as 
an auxiliary treatment measure with the potential to suppress 
degradation of articular chondrocytes even in the case of prevailing 
joint osteoarthritis [18].  Importantly in shoulder osteoarthritis, 
LIPUS  may also impact tendon viability in the case of tears or 
pathological damage that does not heal at all effectively via intrinsic 
mechanisms or surgery alone [19-22], This is partly based on a 
tendon model that showed when compared to the control groups, 
those that received LIPUS treatments administered initially in 
the proliferation phase of the artificial tendon injury increased 
its tensile strength by approximately 30%, and its elasticity by 
approximately 53%, fibrillar appearance by 53%, and inflammation 
by 20% in a shorter time frame than anticipated even after only one 
week  of stimulation [19].

These possible improvements and others [19-22]  attributed to 
the impact of low but intermittent sound waves as they stimulate 
pathways of mechanical and structural influence at the cellular and 
molecular levels when applied to joint tissues such as cartilage or 
tendons or bone-tendon interfaces are potentially highly suitable for 

the treatment of vulnerable older adults with severe joint attrition 
and rotator  tendon damage as opposed to high energy sound or 
shock wave applications advocated for some tendinopathies, but 
that may not be suitable for many frail or ill older adults to mitigate 
inflammation and cognitive impairments due to muscle atrophy 
that it may well prevent [23, 24] as well as influence favorable cell 
based microenvironment actions on and slowing of any excess or 
premature cell senescence and tendon inflammation  [22, 25].

As noted by Sullivan et al. [26] these studies on LIPUS may be 
timely as there is a growing interest not only in preventive practices 
to counter osteoarthritis, but in employing potentially regenerative 
treatments aimed at alleviating its symptoms, averting excess 
damage, reinvigorating joint function and structure, enhancing 
quality of life, and potentially postponing invasive surgical 
interventions. In this regard, and backed up by at least four decades 
of research, it does appear safe to assume that when all issues are 
considered, applications of LIPUS if carefully construed can be 
used with confidence to address one or more features of disabling 
chronic shoulder osteoarthritis in older adults with less risk of harm 
and exacerbation of extensive shoulder osteoarthritis and chronic 
rotator cuff damage that could otherwise accrue from narcotics and 
excess or harmful exercises, or some forms of invasive injection or 
surgery.

Since many adults are at risk for shoulder osteoarthritis, but 
want to age ‘in place’, a search for some form of mitigation of this 
condition is increasingly supported as a desirable line of inquiry. 
This however, is especially challenging in the face of a widespread 
belief the disease is incurable, and its many overlapping disease 
factors where cause and effect are uncertain at best. Debilitating 
chronically disabling joint disease and its ramifications in general, 
and at the shoulder in particular if arm use is hampered, thus remain 
an immense public health concern, with few solutions [26], but 
with a high solution need in the face of global aging surges and its 
many arthritis related manifestations that arise largely in later life, 
but where independence is highly prized. Indeed, any modality that 
can safely offset its many adverse functional impacts, or promote 
healing of one or more of its probable disease features such as 
articular cartilage damage, subchondral bone micro fractures and 
pain, along with inflammation remains of high value in the face of 
its likely contribution to immense global health and socioeconomic 
costs, and suffering.

After researching this topic for more than 40 years it appears 
LIPUS can likely be applied to a joint deemed to be osteoarthritic 
with the expectation it may allay the disease progression or 
severity [29], while fostering articular cartilage chondro-protective 
or reparative effects as well as adjacent tendon tissue protective or 
anabolic effects. As a result, fewer medications including narcotics 
may be needed along with surgery [27, 28]. Its application may also 
reduce local pain due to synovial inflammation as well as possible 
central pain attributes and sensory sources and joint swelling [20-
32]. At the same time as providing a required cartilage mechanical 
stimulus to sustain needed to maintain cartilage mechanical and 
physiologic properties [29], skeletal muscle regeneration and the 
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acceleration of soft tissue, cartilage, and bone healing processes 
may ensue in response to LIPUS applications [27, 33-35].

Hypotheses

LIPUS, if applied to offset or treat osteoarthritis, the most 
prevalent joint disease, may be able to: a) slow the rate of 
deterioration, while fostering articular cartilage repair bone and 
soft tissue healing, b) lower the magnitude of the suffering presently 
encountered worldwide by osteoarthritis sufferers especially if they 
want to age in place, c). provide a mechanism for fostering more 
direct drug delivery to cartilage cells or chondrocytes, or tendons, 
while positively affecting intracellular ion transport, cell signaling, 
and gene expression of adjacent support tissues.

Significance

In a search for promising disease modifying agents that are safe 
and cost-effective, and can possibly be employed at different stages 
of tissue engineering and regenerative strategies, it is possible 
LIPUS can be of help directly or as an adjunctive strategy [33, 34].

Aims

This brief specifically aimed to explore the data concerning 
the possible utility of LIPUS for treating shoulder or glenohumeral 
osteoarthritis directly and/or specifically, an area that truly 
has received almost no attention if compared to knee or hip 
osteoarthritis. While only a brief overview is provided, the topic 
was chosen for its rich preclinical support and the age grouping 
where few safe treatment options prevail.

Key questions

The key questions currently addressed are: 1) whether LIPUS is 
continuously being shown to produce uniform trends of significant 
impact to degraded joint structure or function; 2) whether the 
impacts observed support a role for LIPUS in efforts to foster better 
conservative as well as surgical shoulder osteoarthritis outcomes in 
cases requiring tendon repair or joint replacement.

Methods

To secure the desired topical research articles, the PUBMED, 
PubMed Central and Google Scholar databases housing most of the 
world’s available LIPUS based literature were selected. Acceptable 
publications were those that specifically focused on the impact 
of LIPUS on articular cartilage and tendon lesions, regardless of 
source, and only preclinical studies were examined as a basis for 
ascertaining a possible need for further research in this realm. No 
restriction was placed on the lab model employed, but outcomes 
examined had to reflect upon some relationship between LIPUS 
applications and chondrocyte function or cartilage composition 
or tenocyte impacts. Years specifically examined were January 1 
2015 - Oct 15, 2025 using the key words articular cartilage, low 
intensity ultrasound [LIPUS], tendon damage and repair, shoulder 
osteoarthritis, older adults, rotator cuff lesions. All publications 
deemed eligible were screened, and accepted if deemed to fulfil the 

eligibility criteria. Background data on this topic were reviewed as 
well, and these items plus those from other sources such as CINAHL 
were included for clarity, as indicated. Excluded were studies 
including other modalities, studies on clinical samples, non-English 
studies and English abstracts or proposals. Articles on shock wave 
therapy were excluded as well.

Results

As with osteoarthritis in general, shoulder osteoarthritis is a 
highly disabling condition involving the whole joint and suffered 
by increasing numbers of young and older adults [3, 36, 37]. A 
relatively poorly studied osteoarthritis site, as opposed to that of 
the knee or hip joints, an array of medications and injections are 
commonly applied to provide temporary pain relief and improve 
function, but to no resounding structurally relevant reparative effect 
or advantage. At the same time, its causes other than injury are 
obscure, and the use of pain medication may provoke rather than 
protect against injury. Additionally, the multifactorial nature of the 
disease is complex and hard to unravel and renders the discovery 
and development of new drugs or biologics highly challenging [3].

Ultrasound, on the other hand, a physical modality used 
clinically for many years [38] and deliverable in various modes, 
including continuous versus pulsed ultrasound has been found to 
impact bone remodeling, as well cartilage repair. In this regard, 
externally applied LIPUS may offer a practical adjunctive form of 
intervention that may yield more favorable osteoarthritis related 
outcomes than not [39]. As per Cheng et al. [39] LIPUS applications 
may be found to afford means of curing osteoarthritis given the post 
LIPUS impacts observed on the expression of all tested genes, which 
was significantly increased except for that of metalloproteinase [a 
degrading enzyme], which was significantly decreased in the LIPUS-
treated osteoarthritis models group compared to the untreated 
osteoarthritis group. Moreover, LIPUS may affect the integrin-
FAK-PI3K/Akt mechanochemical transduction pathway and alter 
chondrocyte matrix production by osteoarthritis chondrocytes 
favourably. Its use also appears promising as well for accelerating 
patient recovery after acute tendon and ligament injuries, as well as 
for muscle repair [34], and after surgical repair of bone-soft tissue 
junction injuries [40]. Moreover, LIPUS treatments appear capable 
of providing protection to ligament stem cells exposed to oxidative 
stresses as well as bone homeostasis [14] potentially favorable 
for osteoarthritis amelioration [15, 41]. LIPUS can also modulate 
pathways that govern cell death, as well as ameliorate the extent of 
any persistent damaging synovial inflammation responses found in 
osteoarthritis and can thereby potentially improve tendon histology 
and functional status in the face of tendon damage [42, 43].

Other data show LIPUS can impact cartilage cell and cartilage 
extracellular matrix metabolism that would otherwise lead to 
cartilage degeneration, synovitis and possible osteophyte formation 
[44, 45], while expediting tissue repair, nutrient delivery, and healing 
of damaged tissues and molecular signatures associated with 
downgrading chronic inflammation [46, 47]. As shown by Gaun et 
al. [44, 45] their pioneering work yielded verifiable biomechanical 
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effects of LIPUS on living mice chondrocytes that implicated the 
potential to maintain cartilage homeostasis and enhance cartilage‐
protection in the face of joint damage quite decisively. Other data 
affirm LIPUS is effective in reducing synovial fibrosis [48] as well 
as in inhibiting inflammation, cartilage degeneration and disease 
progression [49] and can be shown to promote extracellular matrix 
synthesis and secretion, while reducing chondrocyte apoptosis or 
cell death [50].

Although lacking any widespread clinical based osteoarthritis 
study that could validate its intervention efficacy, these above-
mentioned cumulative results are still relevant because they 
are backed up by a host of carefully controlled lab studies and 
strong parallel mechanistic explanations that are observable 
and clinically relevant. They strongly imply LIPUS has significant 
mechanochemical transduction capacities and is a biophysical 
wave form that can be crafted in targeted ways to ‘help’ alter or 
reverse extracellular cartilage matrix production dysfunction as 
well as muscle atrophy [5, 51-53].

As such, it appears that some modes of LIPUS may be of 
profound benefit to older adults with shoulder joint damage who 
seek to live in the community. Their cumulative, timely, and time 
sensitive and emergent responses to applications applied over time 
at varying intensities do appear to also have the ability to foster 
cartilage repair as well as tendon repair [53, 54] and collagen type 
II expression [55, 56]. Hsieh et al. [55] who examined whether 
early intervention with LIPUS helps delay traumatically induced 
osteoarthritis progression in male Sprague-Dawley rats found that 
compared with the sham treatment, LIPUS significantly reduced 
Mankin scores, inflammatory cells and matrix metallopeptidase 13 
expression in addition to increasing collagen type II expression.

 Its usage is also shown to impact joint effusion, muscle 
regeneration, chondrocyte apoptosis, expression of anabolic versus 
catabolic cytokine levels and subchondral bone sclerosis, hallmarks 
of osteoarthritis pathology [57, 58]. It may have additional and 
highly desirable mechanistic and stimulatory influences on the 
healing of damaged shoulder tendons and ligaments, as well [40, 
59] as important anti-inflammatory impacts [35] and cellular 
elements of cartilage [27]. In sum, regardless, of year of study, or 
the lab model, study methods and aims, degree of LIPUS exposure, 
and application mode, LIPUS applications tend to yield favorable 
outcomes in tissue cultures and diverse osteoarthritis models more 
often than not. In addition, several independent researchers have 
concluded these findings are based on distinctive observable LIPUS 
activated mechano chemical transduction and molecular signaling 
pathways that Favor joint homeostasis rather than any spurious 
effect and that may hold immense promise in the clinical realm in 
the future.

Discussion

Osteoarthritis a prevalent chronic multi-factorial degenerative 
joint disease characterized by: joint tissue inflammation, osteophyte 
or bone spur formation, subchondral bone fractures and attrition, 
capsular, and tendon sclerosis, muscle atrophy and fibrosis, and 

articular cartilage degradation is highly impairing and challenging 
to treat and often mars life quality and independence and wellbeing 
in many older adult populations quite significantly, especially at the 
shoulder joint [36, 37. 60, 61]. To intervene in the disease cycle and 
allay its progression and extent and offer some relief and promise 
of functionality, not achieved by most medication interventions, 
many ideas prevail, but in reality, still focus largely on drug, invasive 
injections and surgery associated interventions with less than 
optimal or desirable outcomes.

Ultrasound a form of biophysical energy widely used in medicine 
as both a diagnostic and therapeutic tool is a form of acoustic and 
mechanical energy that can be applied non thermally, to produce 
or harness a variety of favorable biological and metabolic effects 
in those tissues, cells, and pro and anti-inflammatory pathways 
implicated in osteoarthritis [62]. Indeed, many decades of study 
have shown that one can expect a favorable effect on joint tissues 
such bone and cartilage, implicated in osteoarthritis contexts 
and thereby do not align with the belief the disease is incurable 
[52]. It is indeed a mechanoregulatory technique that activated 
internal structures and physiology independent of thermal effects, 
and thereby safely delivers controlled mechanical stimuli to 
activate endogenous mechanotransduction pathways, such as ion 
channels, transmembrane proteins, and cytoskeleton-mediated 
signaling cascades that regulate critical cellular processes, such as 
proliferation, differentiation, and apoptosis [62].

As well, almost 20 years ago, Lee et al. [63] concluded LIPUS 
treatment had the potential to serve as efficient and cost-effective 
method for fostering cartilage tissue engineering attempts and 
others that could vastly improve the outlook for many, for example 
older adults with severe shoulder osteoarthritis who cannot 
undergo surgery. Using rabbit stem cells, these researchers found 
LIPUS increased: matrix formation; the expression of chondrogenic 
markers such as collagen type II, aggrecan, and Sox-9; and tissue 
inhibitor of metalloprotease-2 implicated in the fostering the 
integrity of cartilage matrix. In this respect, it appears that early 
intervention in this regard is likely to be more favorable than 
delayed intervention and will leave the individual better off 
biomechanically and functionally than if no LIPUS treatment is 
offered [49, 63, 64]. Its application may also be useful clinically 
for improving the quality of implants of live cells being tested for 
purposes of repairing small articular cartilage defects [65] and 
chondral histology [27], while preventing cartilage degradation 
[9] and the rate of disease development [49]. Stimulation may also 
reduce the emergent expression of matrix metalloprotease-13, 
a catabolic degradative over expressed protein found to cause 
cartilage destruction in osteoarthritis [27], while increasing type II 
collagen production [15], pain relief, function and life quality [66].

While models of osteoarthritis may not represent the actual 
processes of the human disease with a high degree of accuracy, 
and experimental set ups may not emulate the commonplace day 
to day cartilage influences of the osteoarthritic patient realistically, 
nor the clinical intervention practices that may exist, the available 
preclinical study results over the past 40 years or more clearly 
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support the hypothesis that LIPUS can exert favorable biophysical 
influences on both normal chondrocytes, as well as those from 
osteoarthritic joint sources. These observed preclinical findings 
that appear to have been gleaned among differing models of 
osteoarthritis and a variety of laboratories with some degree of 
consistency, along with their carefully controlled designs in many 
cases, and well-established objective outcome tools presumably 
enhances the possible generalization of these favorable findings 
in the preclinical realm. Moreover, with additional research 
demonstrating reasonable evidence for a variety of plausible 
proposed biophysical mechanisms of action, along with some 
well-designed clinical studies that tend to show greater benefits 
of applications applied to osteoarthritic joints than not, the utility 
of this modality for fostering cartilage repair justifiably warrants 
more research.

One mechanism hypothesized to account for the repair of 
osteoarthritis cartilage observed by Loyola-Sanchez et al. [67] 
and others is its influence as a mechanotransducer [9, 29] that 
might influence cellular processes that impact cartilage structural 
features in a dose dependent manner as well as muscle strength 
that could be extrapolated to the bedside [68]. Another is that LIPUS 
stimulates chondrocyte proliferation and matrix production in 
human explants exposed to LIPUS [9, 29] via increases in aggrecan 
mRNA expression and proteoglycan synthesis by chondrocytes 
[69].

According to Whitney et al. [70] LIPUS, a form of mechanical 
stimulation exerts its influence via chondrocyte integrin receptors, 
MAPK/Erk and FAK, Src, p130Cas and CrkII pathways that can be 
targeted and may be poorly activated or suppressed in the presence 

of joint and possible nerve damage and neuropathic pain, amidst 
the absence of any related intervention attempts [39, 71-72] or 
delayed intervention applications [15]  Applied in some way to 
impact early osteoarthritis positively on the other hand would 
undoubtedly be of immense value, especially in cases where tendon 
damage is considerable.

However, to advance these ideas and lab-based findings 
with any degree of confidence, research to strengthen the case 
for LIPUS is essential. Moreover, efforts to examine whether if 
used in conjunction with other cartilage promoting factors and 
strategically targeted dosages and frequencies of application and 
joint protection efforts will prove especially beneficial. LIPUS 
and its mechanical loading effect on joint tissues should also be 
explored from a biomechanical, structural, inflammatory, and 
mechanical perspective more intensely in the clinical setting and 
especially among older adults with various forms of osteoarthritis 
so as to both solidify the salient mechanisms underlying LIPUS 
applications in the context of various degrees of cartilage and soft 
tissue pathology as well as dose responses to varying acoustic 
energy modes. Examining the most optimal related time for 
purposes of attaining optimally beneficial effects, as well how 
best to deliver LIPUS to selected joint sites [73] including tendon-
bone interfaces will undoubtedly be helpful as well in this regard. 
In the interim we agree with the positive ideas of Zhang et al. [35] 
and outline some possible LIPUS features that appear to interact 
to yield observable potentially clinically non-destructive relevant 
tissue impacts that might be harnessed to minimize shoulder pain 
and dysfunction in at least some older osteoarthritis sufferers with 
risky health profiles. Here we assert:

Key Conclusions

Despite the obvious limitations of this current report, and its 
broad reliance on preclinical data we conclude externally applied 
LIPUS linked applications often used clinically to ameliorate 
osteoarthritis symptoms of pain has the potential to impact articular 
cartilage physiology and structure favorably as well as bone, 

muscle and the tendon healing attributes of its diverse pathologies, 
including osteoarthritis joint damage at the shoulder. Consequently, 
while osteoarthritis is generally deemed ‘untreatable’ other than by 
palliative medication approaches and surgery, research shows low 
intensity pulsed ultrasound, a non-thermal mode of biophysical 
stimulation has bone and cartilage healing potential that may not 

Figure 1: Low Intensity Pulsed Ultrasound [LIPUS] Externally Applied Acoustic Pressure Waves Can Stimulate.
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only reduce pain but may exert possible favorable mechanical and 
biochemical stimulatory effects on all osteoarthritis joint tissues, 
including muscle, tendon, and nerve cells and tissues.

Building on an immense research foundation spanning four 
decades, we further conclude researchers can expect one or 
more promising functional results or results that exceed current 
expectations and are not attributable to placebo if the damaged 
tissues are subjected to carefully targeted and tailored applications. 
This may safely and effectively assist those older adults who may 
suffer severely, but are not eligible for surgery. In this regard, we 
further conclude early rather than delayed interventions are 
likely to prove viable as far as optimizing osteoarthritis cartilage, 
muscle, bone and tendon repair in the older adult with severe 
shoulder joint damage. A better understanding of the impacts of 
LIPUS mechanical stimulation on gene regulatory mechanisms in 
general and especially in human tissue substrates in health as well 
as disease situations may also prove valuable and open new doors 
of clinical insight and opportunity [70-79].

Indeed, even if preclinical cellular or laboratory based 
artificially developed tissue lesions or animal models of arthritis 
cannot be equated with or extrapolated to any in vivo situation 
with any degree of certainty, noteworthy LIPUS impacts reported in 
this regard that stem from an increasing number of well-controlled 
and designed preclinical studies and isolated clinical studies are 
promising in multiple spheres including bone and wound healing 
and inflammation reduction [78-80]. Additionally, it is possible 
the many favorable preclinical underpinnings observed to date 
regarding LIPUS applications to joint damage may be further 
enhanced in the face of more advanced technical instrumentation 
and the concomitant application of biomechanical, neurosensory, 
serum assays and kinematic measures. Moreover, while one 
cannot exclude publication bias as the reason for the trends 
demonstrated to date, and the fact negative studies are less well 
represented in the literature in general, most lab-based studies 
where the placebo effect is unlikely yield one or more apparent 
reparative post stimulation benefits. While clinical studies may be 
underpowered and thus fail to corroborate the many post LIPUS 
regenerative indications observed across time, most are poorly 
controlled and/or fail to examine salient potential impacts such as 
changes at the cartilage bone interface, thus failing to demonstrate 
a possible measureable clinically relevant impact. Yet even here, 
diverse data from the clinic continue to support the potential value 
of further examining the efficacy of low pulse clinical ultrasound 
for ameliorating osteoarthritis symptoms, regardless of target 
tissue stimulated, and where its optimal mode of application and 
frequency and duration that need to be carefully selected, crafted 
and tailored can be tested rigorously.

In particular, it appears important to go beyond cross-sectional 
inferences and secure more interest in examining controlled 
longitudinal studies formulated with possible support from 
artificial intelligence [AI] diagnostics plus state-of-the-art objective 
measures that can capture efficacy as well as mechanistic data 
when applied to various degrees of shoulder osteoarthritis in the 

older adult. Currently a relatively untapped area of clinical research 
and practice, more rapid much needed advancements may ensue 
by applying the ideas of Miller et al. [74] as regards matching the 
frequency of the driving force of LIPUS to that of the chondrocyte 
system’s natural frequency of vibration so as to foster more 
possible tissue healing and valuable intracellular cell pathway 
signaling responses than those achieved in the face of random 
LIPUS applications. The frequencies selected should also match the 
target cell mass and estimated degree of intracellular stiffness, as 
well as the mechanical properties of the surrounding medium and 
can perhaps be supported and implemented here if we consider the 
ability of AI diagnostics to delineate these attributes and others. In 
sum, we conclude translating and refining the promising past and 
emergent LIPUS-shoulder lesion data and uncovering more insights 
into its explanatory and response mechanisms sooner rather than 
later will yield enormous societal as well as individual health 
impacts plus multiple disease insights and advances in reparative 
as well as clinical medicine.

Closing Remarks

As per Qin et al [76], we concur that until more research is 
forthcoming, it appears a large reference frame supports the use 
of LIPUS applications to mitigate multiple forms of joint damage 
such as those that emerge at the shoulder in many older adults that 
appear progressive and irreversible. Applied at all disease stages 
and regardless of disease extent and severity, the practitioner can 
expect LIPUS strategies to safely reduce pain and promote favorable 
mechanochemical induced cartilage and joint tissue healing and 
regenerative processes as well as slow its disabling progressive 
impacts on day-to-day function and independence, even in the face 
of surgery.
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