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In the United States, osteoarthritis (OA) affects 30 million people among the popula-
tion and poses a major disability and financial burden that impact functional quality of
life among the affected individuals [1]. OA knee, the joint that most commonly presents
OA, contributes 80% of global cases. Many consensus statements on the management
of OA knee are available, dwelling on a conservative approach to surgical management.
Intra-articular injections are popular among orthopedic surgeons, as they are perceived
to have a favorable risk–benefit ratio. These intra-articular injections (steroids, hyaluronic
acid, and prolotherapy) can provide immediate and short-term pain relief with an im-
proved range of movement across the knee joint [2,3]. With the revolution of Industry 5.0
(personalization and customization) [4], Tissue Engineering and Regenerative Medicine
(TERM) are intended to provide a more suitable platform with which to explore results
and functional outcomes following the administration of mesenchymal stem/stromal cells
(MSCs) and their by-products [5]. Clinicians and researchers use various sources of MSCs
according to their nations’ clinical regulations to manage patients with knee OA. In this
annotation, we trace the evidence-based analysis of stromal vascular fraction (SVF) in the
OA knee.

An understanding of adipose tissue biology requires expertise. Adipose tissue has
traditionally been considered as medical waste when performing liposuction in bariatric
procedures, but researchers have worked on its regenerative potential in animal models,
demonstrating its safety and efficacy in various diseases. Sharma et al. described the
by-products of adipose tissue with regenerative potential, including adipose-tissue-derived
MSCs (AD-MSCs), microfat, nanofat, SVF, microvascular fragments (MVF), and AD-MSC-
derived exosomes and secretomes [6]. Given the presence of a heterogeneous population of
cells in SVF, there is no need for the culture expansion of cells, which further decreases the
risk of culture-induced chromosomal aberrations. Orthopedic surgeons and researchers
need to undergo adequate training in order to understand and exploit the complex biology,
isolation, and characterization of SVF before using it for the management of musculoskeletal
conditions. The available literature on autologous adipose-tissue-derived SVF for the OA
knee demonstrates the existence of level 1 evidence obtained through various network
meta-analyses and systematic reviews, but controversies are still widespread.
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Anil et al. performed a network meta-analysis of intra-articular injections (steroids,
ozone, saline, platelet-rich plasma, autologous conditioned serum, hyaluronic acid, botox,
bone marrow aspirate concentrate, SVF, and MSCs) for OA knees with 79 RCTs consisting
of 8761 patients. Of all the modalities analyzed, SVF had the highest P-score among the
VAS (0.7676) and WOMAC (0.9044) scores at 12-month follow-up. At 1-year follow-up,
they observed that intra-articular SVF injection demonstrated the highest potential in terms
of pain relief and functional outcomes in OA knee patients [7].

Koh et al. performed second-look arthroscopy for patients who underwent SVF
(4.04 × 106 stem cells) for OA knees: 87.5% of patients showed the maintenance of suitable
cartilage thickness with improved functional outcomes for at least 2 years [8]. The healing
property of AD-derived SVF enhances cartilage regeneration, with attenuation of the
pro-inflammatory cytokines and halting of OA progression.

The systematic review and meta-analysis by Bolia et al. on the clinical efficacy of
BMAC vs. SVF in OA knees includes 10 studies and 472 patients. Out of 472 patients,
233 patients received BMAC and 239 patients received SVF. The SVF group reported greater
effects in terms of pain relief than the BMAC group, with a p value < 0.0001. An equivocal
response was observed based on the functional outcomes of both groups. This study
is limited by a publication bias in the available literature in terms of the isolation and
characterization protocols. The SVF group (67%) outnumbered the BMAC group (50%)
in terms of complications. The authors acknowledged the variability in cellular fraction
isolation protocols; nevertheless, the greatest degree of pain relief was observed following
a single intra-articular injection of SVF in long-term follow-up [9].

Shanmugasundaram et al. performed a systematic review of 11 studies and 4008 intra-
articular SVF injections of knee joints. The method of SVF preparation varies, including
ultrasonic cavitation, the use of collagenase 1 enzyme alone or with proteases, and combi-
nations. The mean SVF cell count ranged from 0.39 × 106 to 7.6 × 107 with a viability of 78
to 91%. Most patients reported excellent pain relief and improved 6 m walking distance
timings and functional outcome scores. None of the included studies reported donor-site
morbidity or tumor formation, but one patient developed a knee joint infection following
the SVF injection [10].

The systematic review of SVF injections of OA knees by Boada-Pladellorens et al.
included nine studies published up to May 2021. All the studies reported pain relief and
improved functional outcomes with WOMAC scores, but only five studies demonstrated
changes on MR. All the studies used different protocols to isolate SVF from the adipose
tissue, but the number of cells in the SVF mixture in each study varied greatly, introducing
a comparison bias. However, in general, SVF was a safe, minimally invasive modality that
could be used to manage knee OA patients [11].

These studies have several limitations:

(a) A lack of quantitative evidence available to assess cartilage healing via both MRI and
second look arthroscopy. Additionally, only a few studies have undertaken biopsies
to evaluate whether hyaline or hyaline-like cartilage was present.

(b) No control group to compare the efficacy of SVF injections against other available injectables.
(c) A lack of standardization in isolation, characterization, dosage, injection, and follow-

up protocols for intra-articular SVF transplantation in OA knees.
(d) A lack of consensus on the autologous or allogenic source of SVF.

In conclusion, a few level 1 evidence studies are available regarding the use of SVF
in knee OA patients. However, we should establish standardized protocols to prepare
SVF according to the national regulatory requirements. In any case, on the proviso of the
biases highlighted above, SVF seems to be a safe, minimally invasive modality for the
management of knee OA patients.



Biomedicines 2023, 11, 1460 3 of 3

Author Contributions: Conceptualization, M.J. and A.G.; writing—original draft preparation, M.J.;
writing—review and editing, N.M. and A.G.; supervision, A.G.; project administration, A.G. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gupta, A.; Maffulli, N.; Rodriguez, H.C.; Mistovich, R.J.; Delfino, K.; Cady, C.; Fauser, A.-M.; Cundiff, E.D.; Martinez, M.A.;

Potty, A.G. Cell-free stem cell-derived extract formulation for treatment of knee osteoarthritis: Study protocol for a preliminary
non-randomized, open-label, multi-center feasibility and safety study. J. Orthop. Surg. Res. 2021, 16, 514. [CrossRef] [PubMed]

2. Pavone, V.; Vescio, A.; Turchetta, M.; Giardina, S.M.C.; Culmone, A.; Testa, G. Injection-Based Management of Osteoarthritis of
the Knee: A Systematic Review of Guidelines. Front. Pharm. 2021, 12, 661805. [CrossRef] [PubMed]

3. Testa, G.; Giardina, S.M.C.; Culmone, A.; Vescio, A.; Turchetta, M.; Cannavò, S.; Pavone, V. Intra-Articular Injections in Knee
Osteoarthritis: A Review of Literature. J. Funct. Morphol. Kinesiol. 2021, 6, 15. [CrossRef] [PubMed]

4. Jeyaraman, M.; Nallakumarasamy, A.; Jeyaraman, N. Industry 5.0 in Orthopaedics. JOIO 2022, 56, 1694–1702. [CrossRef] [PubMed]
5. Han, F.; Wang, J.; Ding, L.; Hu, Y.; Li, W.; Yuan, Z.; Guo, Q.; Zhu, C.; Yu, L.; Wang, H.; et al. Tissue Engineering and Regenerative

Medicine: Achievements, Future, and Sustainability in Asia. Front. Bioeng. Biotechnol. 2020, 8, 83. [CrossRef] [PubMed]
6. Sharma, S.; Muthu, S.; Jeyaraman, M.; Ranjan, R.; Jha, S.K. Translational Products of Adipose Tissue-Derived Mesenchymal Stem

Cells: Bench to Bedside Applications. World J. Stem Cells 2021, 13, 1360–1381. [CrossRef] [PubMed]
7. Anil, U.; Markus, D.H.; Hurley, E.T.; Manjunath, A.K.; Alaia, M.J.; Campbell, K.A.; Jazrawi, L.M.; Strauss, E.J. The Efficacy of

Intra-Articular Injections in the Treatment of Knee Osteoarthritis: A Network Meta-Analysis of Randomized Controlled Trials.
Knee 2021, 32, 173–182. [CrossRef] [PubMed]

8. Koh, Y.-G.; Choi, Y.-J.; Kwon, S.-K.; Kim, Y.-S.; Yeo, J.-E. Clinical Results and Second-Look Arthroscopic Findings after Treat-
ment with Adipose-Derived Stem Cells for Knee Osteoarthritis. Knee Surg. Sport. Traumatol. Arthrosc. 2015, 23, 1308–1316.
[CrossRef] [PubMed]

9. Bolia, I.K.; Bougioukli, S.; Hill, W.J.; Trasolini, N.A.; Petrigliano, F.A.; Lieberman, J.R.; Weber, A.E. Clinical Efficacy of Bone
Marrow Aspirate Concentrate Versus Stromal Vascular Fraction Injection in Patients With Knee Osteoarthritis: A Systematic
Review and Meta-Analysis. Am. J. Sport. Med. 2021, 50, 1451–1461. [CrossRef] [PubMed]

10. Shanmugasundaram, S.; Vaish, A.; Chavada, V.; Murrell, W.D.; Vaishya, R. Assessment of Safety and Efficacy of Intra-Articular
Injection of Stromal Vascular Fraction for the Treatment of Knee Osteoarthritis-a Systematic Review. Int. Orthop. 2021, 45, 615–625.
[CrossRef] [PubMed]

11. Boada-Pladellorens, A.; Avellanet, M.; Pages-Bolibar, E.; Veiga, A. Stromal Vascular Fraction Therapy for Knee Osteoarthritis: A
Systematic Review. Ther. Adv. Musculoskelet. Dis. 2022, 14. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13018-021-02672-3
https://www.ncbi.nlm.nih.gov/pubmed/34416898
https://doi.org/10.3389/fphar.2021.661805
https://www.ncbi.nlm.nih.gov/pubmed/33959026
https://doi.org/10.3390/jfmk6010015
https://www.ncbi.nlm.nih.gov/pubmed/33546408
https://doi.org/10.1007/s43465-022-00712-6
https://www.ncbi.nlm.nih.gov/pubmed/36187596
https://doi.org/10.3389/fbioe.2020.00083
https://www.ncbi.nlm.nih.gov/pubmed/32266221
https://doi.org/10.4252/wjsc.v13.i10.1360
https://www.ncbi.nlm.nih.gov/pubmed/34786149
https://doi.org/10.1016/j.knee.2021.08.008
https://www.ncbi.nlm.nih.gov/pubmed/34500430
https://doi.org/10.1007/s00167-013-2807-2
https://www.ncbi.nlm.nih.gov/pubmed/24326779
https://doi.org/10.1177/03635465211014500
https://www.ncbi.nlm.nih.gov/pubmed/34102078
https://doi.org/10.1007/s00264-020-04926-x
https://www.ncbi.nlm.nih.gov/pubmed/33432400
https://doi.org/10.1177/1759720X221117879
https://www.ncbi.nlm.nih.gov/pubmed/35991523

	References

