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Abstract
Osteoarthritis (OA) and injuries are common presentations to orthopaedic and pain specialists. OA is related 
to ageing joints, but it could develop prematurely secondary to trauma (s), as in athletes and manual workers. 
Injuries could happen in the form of sprain or tear in the tissues; it might affect joint, tendon, ligament, bursa 
or other connective tissues like the meniscus and labrum. The standard management of orthopaedic conditions 
involves non-steroidal anti-inflammatory drugs (NSAIDs), steroid injections, and physical therapy. If the above 
measures fail, then surgical intervention is implemented using repair or reconstruction of the injured structure (s) 
like meniscus, labrum, tendon, or ligament. Furthermore, symptomatic OA would eventuate in joint replacement.
As the science progresses, we are emerging promising non-invasive interventional regenerative medicine as a 
step to be considered before surgery. We need to adapt to the new era of giving options to the patients to choose 
the preferred approach following an algorithm from the conservative approach to the regenerative medicine trial 
therapy before proceeding to surgical intervention; the latter stays as the last resort.

We are trying several regenerative therapies for symptoms control, including; pain, stiffness, swelling and 
reduced range of motion, and improving patients' quality of life. In OA, labral and meniscus tears, we try 
intra-articular injections of non-soluble long-acting hyaluronic acid injections like durolane or platelet-rich 
plasma (PRP) alone or in combination with soluble hyaluronic acid. Additionally, we found a significant positive 
outcome using expanded mesenchymal stem cell (MSC) therapy combined with PRP; we sometimes add soluble 
hyaluronic acid or exosome therapy as a scaffolding technique. MSC therapy was shown in multiple studies to 
slow or stop the degenerative process with an excellent anabolic effect. Tendon tear has been treated successfully 
with PRP alone or combined with MSC therapy to heal the tendon entirely or partially.

Our article addresses the use of regenerative medicine as an alternative to the long-term use of analgesics, 
NSAIDs, and neural blockade agents. Those treatments have potential body toxicity, such as NSAIDs induced 
gastrointestinal bleeding, renal failure, and liver damage. Narcotics have a problem with addiction, and neural 
blockade agents can cause dizziness, drowsiness, impair work function, driving and other unwanted side effects. 
Furthermore, we try to avoid surgical intervention by using non-invasive harmless regenerative therapy like 
hyaluronic acid or autologous treatment using PRP alone or in combination with expanded MSC therapies.
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Background 
Musculoskeletal (MSK) pain is one of the most common pre-
sentations to health professionals. It can be acute or chronic; the 
acute one is usually transient and does not require long term in-
tervention. Our topic in this article is chronic persistent pain re-
sulting from either sport or non-sport injury or the degenerative 
process of the joint or tendon. 

Osteoarthritis (OA) is a degenerative joint disease, and it is the 

most common type of arthritis; the knee joint is typically in-
volved. Pathological processes are seen in OA joint, including; 
osteophytes formation, subchondral bone thickening, variable 
degrees of synovial inflammation, degeneration of menisci and 
ligaments of the Knee joint, capsule hypertrophy, and progres-
sive articular cartilage destruction leading to narrowing of joint 
space [1]. The aetiology of OA is multifactorial and includes 
articular injury, ageing, overweight, and heredity [2, 3].
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OA is a significant source of morbidity and physical restriction 
among people over the age of 40 [4, 5]. The clinical presenta-
tions include chronic pain, stiffness, swelling, joint instability, 
and reduced range of motion. Even though OA predominantly 
affects the elderly, sports-related injuries at all ages can take the 
lead to post-traumatic OA. Presently, apart from pain manage-
ment and surgical intervention for the advanced stages, there are 
no effective therapeutic treatments for OA.

Tendon tear is a common pathology, mainly rotator cuff tears 
(RCTs); they are prevalent with ageing due to the degenerative 
process [6]. The main issue with failure in rotator cuff repair is 
probably biological. It is a fact that the fragile and highly spe-
cialised fibro-cartilaginous transition zone between the rotator 
cuff and the bone is hard to regenerate following repair [7-9]. 
When a tear is symptomatic, it causes significant pain and func-
tional impairment; medical and physical therapies are suitable to 
try first. A subacromial steroid injection can potentially help the 
symptoms, often short-lived [10, 11]. RCTs are unlikely to heal 
naturally; thus, ongoing pathology requires surgical repair [12]. 

Meniscus tears occur due to rotational or cropping powers laid 
across the tibiofemoral joint. Such developments include posi-
tions with heightened degrees of closed dynamic flexion like 
kneeling and squatting, heavy lifting, acceleration/decelera-
tion activities, rapid change of direction, and jumping [13, 14]. 
Relatively more minor power is required to give rise to tears 
in degenerative meniscus pathology in association with OA. A 
conservative approach manages a simple tear, but a complex one 
needs surgery. Physical therapy will be part of the management 
plan in both conventional and post-surgical cases [15, 16].

Hip labral tear commonly occurs from two possible processes: 
a single, acute significant injury, especially involving strenuous 
hip flexion resistance (running or kicking), or repetitive micro-
trauma in a hip with chronic, degenerative joint disease [17, 
18]. The management for asymptomatic tear is conservative by 
avoiding injuries and physical therapy; we use surgical repair to 
treat the symptomatic labral tear.

Ligament tear is usually the result of sports injury. The most 
frequent pathology presented to the orthopaedic surgeon in the 
knee area is the collateral and cruciate ligaments or multiple lig-
ament injuries diagnosed by an MRI imaging [19]. The talocru-
ral lateral ligaments in the ankle area are mostly injured; they 
consist of anterior talofibular, posterior talofibular, and calca-
neofibular ligaments [20]. Ligament injury is generally managed 
conservatively with rest, non-steroidal anti-inflammatory drugs 
(NSAIDs), and physical therapy. Should all those measures fail 
with significant joint instability, a surgical repair might be indi-
cated.

Our regenerative clinic initially treats clients with simple mea-
sures, including a short course of NSAIDs and physiotherapy. 
We avoid the long-term use of anti-inflammatory, narcotic anal-
gesics, and nerve blockade medications, as they all have adverse 
effects and toxicities. If there is any soft tissue inflammation or 
synovitis, then a trial of local steroid injection in some cases 
might be worthwhile. 

We embraced using the latest technology of harmless regener-
ative medicine, including PRP, hyaluronic acid or a combina-
tion of both, depending on the pathology. We add autologous 
expanded adipose-derived MSC therapy with various doses ad-
justed accordingly in more complex persistent cases. We use the 
ultrasound guidance approach as this is more precise to maxi-
mise the benefit of our therapy.

We have treated hundreds of patients for various orthopaedic 
conditions, and below are brief descriptions of our few pub-
lished case series.

Case Series
Case 1
A 54-year-old salesperson enjoys active sports. He presented 
with symptomatic right knee OA. An MRI scan of the Knee 
showed patellofemoral subchondral bone marrow oedema, mul-
tiple subchondral cysts, synovitis and large baker cyst (Fig. 1a 
and 1b). In addition, there was a medial meniscus tear, medial 
and patellofemoral cartilage loss. 

Figure 1a: Pre-treatment MRI shows patellar subchondral bone marrow oedema and cysts, and 1b: demonstrating large baker's cyst
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He failed conservative treatment with NSAIDs and physiothera-
py, then ultrasound-guided knee steroid injection. He responded 
dramatically to a single dose of autologous fat-derived expand-
ed MSCs combined with PRP. He became asymptomatic three 
months following the therapy, and that persisted. He had a series 
of follow-up MRI scans; the last one, 36 months post-therapy, 

revealed full resolution of bone marrow oedema and subchon-
dral bone cysts with the disappearance of the baker's cysts and 
synovitis (Fig. 2a and 2b). This case showed promising results, 
which may alter the way we practice medicine in OA manage-
ment as a step before contemplating surgery.

Figure 2: Shows post-MSC therapy complete resolution of bone marrowoedema and cysts, and 2b: significant diminution of  
baker's cyst

Case 2
A 66-year-old female bothered by symptomatic hand osteoar-
thritis (OA) for six years affected her daily activities and job; she 
works as an aromatherapist. She responded well to adipose-de-
rived autologous expanded MSC therapy; this was performed 
under ultrasound guidance after digital nerve block for bilateral 
2nd - 5th distal interphalangeal (DIP) joints. The improvement 
began one month after the MSC injections, with the most sig-
nificant lasting benefit occurring ten months post-therapy. A 

14-month follow-up X-ray revealed no radiological progres-
sion of OA in the treated joints compared to the baseline X-ray. 
She continued to enjoy painless activities of daily livings and 
work. Despite the persistent response, she chose a booster dose 
of MSC therapy to maintain her hand's function and prevent the 
progression of OA. This case demonstrated good symptomatic 
and functional outcomes, with no further OA joint deterioration 
on X-rays as in Fig 1A and B.

Figure1a: Shows pre-treatment OA on X-ray. 1b: Shows stable X-ray post-treatment with MSCs

Case 3
A 70-year-old female presented with a painful shoulder fol-
lowing an injury suffered on a flight when a bag fell out of the 
baggage rack, landing on her right shoulder. Her family doctor 
treated her with conservative treatment, including analgesia and 
physiotherapy. USS revealed a small partial tear of the supraspi-
natus tendon (SST) with subacromial bursa thickened to 2.8 mm. 
She underwent a subacromial steroid injection with good effect. 

She had further right shoulder injuries with the progression to 
full-thickness SST tear in anterior, middle and posterior fibres 
measuring 9 mm length, 13 mm width, with the overlying bursa 
was swollen to 2.9 mm without features of capsulitis (Fig.1a). 
She failed conservative treatment with NSAIDs, subacromial 
steroid injection, and shoulder rehabilitation. She elected ex-
perimental adipose-derived autologous expanded MSC therapy 
combined with PRP; this resulted gradually in the resolution of 
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her symptoms three months post the treatment to become com-
pletely asymptomatic after eight months with complete regener-
ation of the SST (Fig. 1b). This case suggests that a non-invasive 

therapy could replace long-term harmful medicine and eliminate 
the need for complex surgery.

Figure 1a: Pre-treatment MRI shows. 1b: post-treatment with MSCs shows complete thickness supraspinatus (SST) tear regener-
ation of SST

Case 4
A 44-year-old female patient suffered a left Achilles tendon 
(AT) rupture during a netball game. Initially, she was treated 
conservatively with NSAIDs, moon boot, and rehabilitation 
with good results, but AT spontaneously ruptured again, lead-
ing to reconstruction surgery with flexor hallucis longus ten-
don (FHLT) transfer. Despite good rehab, she developed calf 
muscle weakness and atrophy at the grafted musculo-Achilles 
junction. She had an MRI scan eight years following the repair 
surgery that revealed remodelling of the left tendo-Achilles and 
post-surgical changes at the reconstruction site with tendinop-
athy and partial-thickness tear at the soleus musculotendinous 

junction (Fig.1a). Her symptoms included the inability to per-
form a single heel raise, decreased recreational activities, and 
calf muscle wasting and weakness. The Foot & Ankle Disability 
Index (FADI) score was 74. Her orthopaedic surgeon suggested 
no further surgical intervention, given it would not be helpful. 
She has opted for a trial of autologous adipose-derived expanded 
MSCs combined with PRP. Six months following the treatment, 
she had a good outcome evidenced by improved daily activi-
ties, heel-raise, and running slowly for the first time after several 
years post reconstruction surgery. Her FADI score rose to 91.3. 
Post-treatment MRI revealed an increased signal at the muscu-
lo-Achilles junction suggesting a healing process (Fig. 1b). 

Figure 1a: MRI showed post-surgery muscle atrophy and partial-thickness tear, and 1b: increase in signal may be due to post - 
treatment changes (healing response)
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We noted improvement of the muscle bulk compared to pre-treat-
ment calf muscle atrophy (Fig. 2a and b). This case presents a 
successful outcome with a single MSCs and PRP, indicating we 

can try MSC therapy to repair wasted calf muscle and tendon 
from previous scars.

Figure 2a: Before MSC therapy shows left calf muscle atrophy  and 2b: post-treatment revealed improved muscle atrophy and able 
to do heel-raise (arrows)
Discussion
Management of orthopaedic conditions generally uses a conser-
vative approach with NSAIDs, narcotic analgesics, neuropathic 
drugs, physical therapy, and sometimes steroid injections for 
symptomatic relief and restoring function. Those medications 
are helpful for acute pathology, and we should not use them for 
long due to the adverse effects and interactions with the patient's 
regular medicines. In addition, those measures might not alter 
the outcome of the disease process.

We avoid the long-term use of NSAIDs to prevent gastrointes-
tinal bleeding [21]; they can also cause renal failure, especially 
in patients with diabetes and hypertension. NSAIDs can interact 
negatively with angiotensin-converting enzyme inhibitors and 
diuretics.

Narcotic analgesics such as morphine, codeine phosphate, and 
tramadol are well known to cause addiction and alter mental 
status thus, we prefer to avoid their use in chronic MSK condi-
tions[22, 23]. We use neuropathic blockade medicines in some 
instances, commonly tricyclic anti-depressants (TCA) like am-
itriptyline and certain anti-epileptics (gabapentin and pregaba-
lin). TCA can cause various side effects, including anticholin-
ergic symptoms, such as tachycardia, dry mouth, constipation, 
raised intraocular pressure, blurred vision, urinary retention. 
TCA can also cause dizziness, drowsiness, and confusion/agi-
tation [24]. Anti-epileptics like pregabalin have common side 
effects, including dizziness, drowsiness, and ataxia [25]. Other 
side effects include weight gain, blurred vision, tremors, and im-
paired concentration.
We consider surgery as our last resort when every other measure 

fails. Surgery has significant complications related to general 
anaesthesia and surgical procedures; surgery also has a lengthy 
recovery period. Surgical options sometimes fail, and if that 
happens, the patients will have no other choice. Most joint re-
placements have different life spans; thus, patients might go for 
revision, which could be not feasible on many occasions. We 
recommend trying every alternative option before deciding the 
operative path. 

We implemented the latest technology of safe regenerative med-
icine, including PRP, hyaluronic acid or combination therapy, 
that showed more effectiveness in OA than either therapy alone 
[26]. In more complex cases, we either use autologous expanded 
adipose-derived MSC therapy alone or combined with PRP and 
sometimes we add soluble hyaluronic acid.

MSC therapy is promising science as it can deliver suitable cel-
lular signals to encourage tissue regeneration, anti-inflammato-
ry effect, and local immune modulation. Multiple randomised 
controlled trials indicated the positive impact of MSCs in OA 
[27,28, 29]. MSCs are currently being analysed in numerous re-
search resources and clinical practices to establish efficacy and 
safety [30,31,32]. The speculative proposition of MSCs can re-
store cartilage and might eliminate the need for knee replace-
ment [33].

There is growing interest in animal and human trials in regen-
erative medicine, including MSCs and PRP as an experimental 
therapy to surgical intervention for rotator cuff treatment [34, 35, 
36, 37, 38, 39, 40].
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We decide our doses based on the affected joint area and the 
severity of the condition. We do all procedures under ultrasound 
guidance; our dosage ranges between 10-100 million cells com-
bined with PRP with/without soluble hyaluronic acid for pe-
ripheral joints. Except in the finger and toes joints, we use only 
MSCs as we found concentrated MSCs per se more effective 
than combination therapy. We avoid using hyaluronic acid for 
the tendons and ligaments to prevent triggering a remarkable 
inflammatory response. We have also tried plasma-derived mi-
cro-RNA exosome particles in joint and tendon protocols. Exo-
somes work like biologic garbage bins that hold proteins, lipids, 
mRNAs, non-coding RNAs, and even DNA out of cells [41]. 
Exosomes also enhance cell-cell communication [42]. We found 
that regenerative medicine is effective in about 80 % of cases; 
success is measured by controlling symptoms and improving ac-
tivities of daily living, sport, and work. We have also eliminated 
the need for surgery in most cases; additionally, we noticed ra-
diologic evidence of slowing or stopping the progression of OA 
or regeneration and healing of partial and full-thickness tears.

Conclusion
Regenerative therapy is a new experimental modality in treating 
pain for musculoskeletal and orthopaedic conditions. Regen-
erative therapy is the future medicine and might replace main-
stream surgery in most cases if used appropriately; this option 
is favourable over the use of long-term toxic anti-inflammatory, 
addictive narcotics, or neuropathic medications with significant 
adverse reactions. We need a randomised controlled trial to con-
firm the consistency of those findings in regenerative medicine.

Acknowledgements
I want to thank my incredible wife, Zahraa. She supported me 
with my challenging therapy by doing my paperwork and reduc-
ing my stress to deal with the evolving regenerative alternative 
medicine challenges, especially the scepticism of stem cell ther-
apy. Thank you so much, dear Zahraa.

Competing Interests 
The author has declared that no competing interests exist.

References
1.	 Di Chen, Jie Shen, Weiwei Zhao, Tingyu Wang, Lin Han, et 

al. ( 2017) Osteoarthritis: toward a comprehensive under-
standing of pathological mechanism. Bone Res 5: 16044.

2.	 Loeser RF, Goldring SR, Scanzello CR (2012) Osteoarthri-
tis: a disease of the joint as an organ. Arthritis Rheum 64: 
1697-1707.

3.	 Krasnokutsky S, Samuels J, Abramson SB (2007) Osteoar-
thritis in 2007. Bull NYU Hosp Jt Dis 65: 222-228. 

4.	 Helmick CG, Felson DT, Lawrence RC, Sherine Gabriel, 
Rosemarie Hirsch, et al. (2008) Estimates of the prevalence 
of arthritis and other rheumatic conditions in the United 
States. Part I. Arthritis Rheum 58: 15-25. 

5.	 Lawrence RC, Felson DT, Helmick CG, Sherine Gabriel, 
Rosemarie Hirsch, et al. (2008) Estimates of the prevalence 
of arthritis and other rheumatic conditions in the United 
States. Part II. Arthritis Rheum 58: 26-35.

6.	 Yamaguchi K, Ditsios K, Middleton WD, Charles F Hilde-
bolt, Leesa M Galatz, et al. (2006) The demographic and 

morphological features of rotator cuff disease. A compar-
ison of asymptomatic and symptomatic shoulders. J Bone 
Joint Surg Am 88: 1699-1704.

7.	 Mora MV, Ibán MA, Heredia JD, Laakso RB, Cuéllar R, et 
al. (2015) Stem cell therapy in the management of shoulder 
rotator cuff disorders. World Journal of Stem Cells. 7: 691.

8.	 Utsunomiya H, Uchida S, Sekiya I, Sakai A, Moridera K, et 
al. (2013) Isolation and characterisation of human mesen-
chymal stem cells derived from shoulder tissues involved in 
rotator cuff tears. The American journal of sports medicine 
41: 657-668.

9.	 Galatz LM, Sandell LJ, Rothermich SY, Das R, Mastny A, 
et al. (2006) Characteristics of the rat supraspinatus tendon 
during tendon‐to‐bone healing after acute injury. Journal of 
Orthopaedic Research 24: 541-550.

10.	 Blair B, Rokito AS, Cuomo F (1996) efficacy of injections 
of corticosteroids for subacromial impingement syndrome. 
J Bone Joint Surg Am 78: 1685-1689.

11.	 Alvarez CM, Litchfield R, Jackowski D (2005) A prospec-
tive, double-blind, randomised clinical trial comparing sub-
acromial injection of betamethasone and xylocaine to xylo-
caine alone in chronic rotator cuff tendinosis. Am J Sports 
Med 33: 255-262.

12.	 Sambandam SN, Khanna V, Gul A (2015) Rotator cuff tears: 
An evidence-based approach. World J Orthop 6: 902-918. 

13.	 Wilson PL, Wyatt CW, Romero J, Sabatino MJ, Ellis HB 
(2018) Incidence, Presentation, and Treatment of Pediatric 
and Adolescent Meniscal Root Injuries. Orthopaedic jour-
nal of sports medicine 6: 2325967118803888.

14.	 Kurzweil PR, Cannon WD, DeHaven KE (2018) Meniscus 
Repair and Replacement. Sports medicine and arthroscopy 
26: 160-164. 

15.	 Chirichella PS, Jow S, Iacono S, Wey HE, Malanga GA, 
Treatment of Knee Meniscus Pathology: Rehabilitation, 
Surgery, and Orthobiologics. PM R 11: 292-308.

16.	 Beaufils P, Becker R, Kopf S, Matthieu O, Pujol N (2017) 
The knee meniscus: management of traumatic tears and de-
generative lesions. EFORT open reviews 2: 195-203. 

17.	 Freehill MT, Safran MR (2011) The labrum of the hip: diag-
nosis and rationale for surgical correction. Clin Sports Med 
30: 293-315.

18.	 Bharam S (2006) Labral tears, extra-articular injuries, and 
hip arthroscopy in the athlete. Clin Sports Med 25: 279-292.

19.	 D A Rubin, J M Kettering, J D Towers, C A Britton (1998) 
MR imaging of knees having isolated and combined liga-
ment injuries. AJR Am J Roentgenol 170: 1207-1213.

20.	 Martin RL, Davenport TE, Paulseth S, Wukich DK, Godges 
JJ (2013) Orthopaedic Section American Physical Therapy 
Association Ankle stability and movement coordination 
impairments: ankle ligament sprains. J Orthop Sports Phys 
Ther 43: 1-40.

21.	 R I Russell (2001) Non-steroidal anti-inflammatory drugs 
and gastrointestinal damage-problems and solutions. Post-
grad Med J 77: 82-88.

22.	 Labianca R, Sarzi Puttini P, Zuccaro SM, Cherubino P, 
Vellucci R, et al. (2012) Adverse effects associated with 
non-opioid and opioid treatment in patients with chronic 
pain. Clin. Drug Investig 32: 53-63. 

23.	 Juurlink DN, Dhalla IA (2012) Dependence, and addiction 



     Volume 7 | Issue 1 | 23J Anesth Pain Med, 2022 www.opastonline.com

Copyright: ©2022 Hassan Mubark . This is an open-access article 
distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and source are credited.

during chronic opioid therapy. J. Med. Toxicol 8: 393-399. 
24.	 Alan D Woolf MPH, Andrew R Erdman MD, Lewis S 

Nelson (2007) Tricyclic anti-depressant poisoning: an ev-
idence-based consensus guideline for out-of-hospital man-
agement. Clinical Toxicity.

25.	 Zaccara G, Gangemi P, Perucca P, Specchio L (2011) The 
adverse event profile of pregabalin: a systematic review and 
meta-analysis of randomised controlled trials. Epilepsia 52: 
826.

26.	 Wenxing Yu, Peng Xu, Guiling Huang, Lin Liu (2018) Clin-
ical therapy of hyaluronic acid combined with platelet-rich 
plasma for the treatment of knee osteoarthritis. Exp Ther 
Med 16: 2119-2125.

27.	 Han X, Yang B, Zou F, Sun J (2020) Clinical therapeutic 
efficacy of mesenchymal stem cells derived from adipose 
or bone marrow for knee osteoarthritis: a meta-analysis of 
randomised controlled trials. J Comp Eff Res 9: 361-374.

28.	 Pas HI, Winters M, Haisma HJ, Martinus Jj Koenis, Jo-
hannes L Tol, et al. (2017) Stem cell injections in knee os-
teoarthritis: a systematic review of the literature. Br J Sports 
Med 51: 1125-1133. 

29.	 Kim SH, Ha CW, Park YB, Eunwoo Nam, Jung-Eun Lee, 
et al. (2019) Intra-Articular injection of mesenchymal stem 
cells for clinical outcomes and cartilage repair in osteoar-
thritis of the Knee: A meta-analysis of randomised con-
trolled trials. Arch Orthop Trauma Surg 139: 971-980.

30.	 Brown MH, Scholes C, Hafsi K, Marenah M, Li J, et al. 
(2019) Efficacy and safety of culture-expanded, mesenchy-
mal stem/stromal cells for the treatment of knee osteoarthri-
tis: a systematic review. J Orthop Surg Res 14: 34.

31.	 Centeno CJ, Al Sayegh H, Freeman MD, Smith J, Murrell 
WD, et al. (2018) A multi-center analysis of adverse events 
among two thousand, three hundred and seventy-two adult 
patients undergoing adult autologous stem cell therapy for 
orthopaedic conditions. Int Orthop 40: 1755-1765. 

32.	 Bastos R, Mathias M, Andrade R, Raquel Bastos, Alex 
Balduino, et al. (2018) Intra-Articular injections of expand-
ed mesenchymal stem cells with and without addition of 
platelet-rich plasma are safe and effective for knee osteo-
arthritis. Knee Surg Sports Traumatol Arthrosc 26: 3342-
3350.

33.	 Migliorini F, Rath B, Colarossi G, Arne Driessen, Markus 
Tingartet, et al. (2020) Improved outcomes after mesenchy-
mal stem cells injections for knee osteoarthritis: results at 
12-months follow-up: a systematic review of the literature. 
Arch Orthop Trauma Surg 140: 853-868.

34.	 Han L, Fang WL, Jin B, SC Xu, X Zheng, et al. (2019) En-
hancement of tendon-bone healing after rotator cuff injuries 
using combined therapy with mesenchymal stem cells and 
platelet rich plasma. Eur Rev Med Pharmacol Sci 23: 9075-
9084.

35.	 Centeno C, Fausel Z, Stemper I, Ugochi Azuike, Ehren 
Dodson (2020) A randomised controlled trial of the treat-
ment of rotator cuff tears with bone marrow concentrate and 
platelet products compared to exercise therapy: A midterm 
analysis. Stem Cells Int 2020: 5962354. 

36.	 Kim SJ, Song DH, Park JW, Silvia Park, Sang Jun Kim 
(2017) effect of bone marrow aspirate concentrate-plate-
let-rich-plasma on tendon-derived stem cells and rotator 
cuff tendon tear. Cell Transplant 26: 867-878. 

37.	 Hernigou P, Merouse G, Duffiet P, Nathalie Chevalier, He-
lene Rouard (2015) Reduced levels of mesenchymal stem 
cells at the tendon-bone interface tuberosity in patients with 
symptomatic rotator cuff tear. Int Orthop 39: 1219-1225. 

38.	 Centeno CJ, Al Sayegh H, Bashir J, Shaun Goodyear, Mi-
chael D Freeman (2015) A prospective multi-site registry 
study of a specific protocol of autologous bone marrow con-
centrate for the treatment of shoulder rotator cuff tears and 
osteoarthritis. J Pain Res 8: 269-276.

39.	 Kwon DR, Park GY, Lee SC (2019) Regenerative effects of 
mesenchymal stem cells by dosage in a chronic rotator cuff 
tendon tear in a rabbit model. Regen Med 14: 1001-1012. 

40.	 Charles MD, Christian DR, Cole BJ (2018) The role of bi-
ologic therapy in rotator cuff tears and repairs. Curr Rev 
Musculoskelet Med. 11: 150-161. 

41.	 Chao Han, Xuan Sun, Ling Liu, Haiyang Jiang, Yan Shen, 
et al. (2016) Exosomes and Their Therapeutic Potentials of 
Stem Cells. Stem Cell International 2016: 7653489.

42.	 Xiaowen Wu, Junxiang Su, Jizhen Wei, Nan Jiang, and 
Xuejun Ge (2021) Recent Advances in Three-Dimension-
al Stem Cell Culture Systems and Applications. Stem Cells 
International 2021: 9477332.


