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Purpose: Osteoarthritis (OA) is a debilitating joint disease characterized by progressive loss
of articular cartilage. Intra-articular injections are a mainstay of nonoperative treatment,
however, there is controversy as to the optimal injectable for these patients. The purpose
of the current study is to perform a network meta-analysis of the randomized control trials
in the literature to ascertain whether there is a superior injectable nonoperative treatment
for knee OA.
Methods: The literature search was conducted based on the PRISMA guidelines.
Randomized control trials (RCTs) evaluating intra-articular injectables in osteoarthritic
knees were included. Data was extracted and Visual Analogue Scale (VAS) scores and the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores, where
available were analyzed at 1, 3, 6 and 12 months. Clinical outcomes were compared using a
frequentist approach to network meta-analysis, with statistical analysis performed using R.
The treatment options were ranked using the P-Score.
Results: Seventy-nine RCTs with 8761 patients were included in this review. Intra-articular
injectables evaluated included autologous conditioned serum (ACS), bone marrow aspirate
concentrate (BMAC), botulinum toxin, corticosteroids (CS), hyaluronic acid (HA), mes-
enchymal stem cells (MSC), ozone, saline placebo, platelet-rich plasma (PRP), plasma rich
in growth factor (PRGF), and stromal vascular fraction (SVF). At 4–6 weeks and 3 months of
follow-up, the treatment with the highest P-Score for WOMAC score was high molecular
weight (HMW) HA + CS [P-Score = 0.9500 and 8503, respectively]. At 6-months follow-
up, the treatment with the highest P-Score for WOMAC score was PRP [P-
Score = 0.7676]. At all post-injection time points, the treatment with the highest P-Score
for VAS score [P-Score Range = 0.8631–9927] and Womac score at 12 Months [P-
Score = 0.9044] was SVF.
Conclusions: The current evidence shows that SVF injections result in the greatest improve-
ment in pain and functional outcomes in patients with knee OA at up to 1 year of follow-
up.
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1. Introduction

Osteoarthritis (OA) is a debilitating joint disease affecting 30 million people in the United State alone, imparting substan-
tial morbidity including disability, reduction in quality of life, and financial burden [1,2]. The knee is the most common site of
OA, comprising 80% of the case load globally [3]. Orthopedic surgeons have consequently sought to refine current treatment
paradigms in order to improve patient outcomes. Intra-articular (IA) injections remain a central component in nonoperative
treatment modalities for OA, as they present a low risk of harm while providing short-term pain reduction and improved
joint function [4–7].

Several types of IA injections exist, including corticosteroids (CS), platelet rich plasma (PRP), hyaluronic acid (HA), botu-
linum toxin type A, autologous conditioned serum (ACS), and stromal vascular fraction (SVF). However, discerning the opti-
mal management for symptomatic OA remains a challenge despite a vast amount of literature on the topic [8,9]. Existing
studies are heterogenous, comparing different combinations of treatment modalities at varying time points, which can at
times conclude in conflicting results. Furthermore, a recent network meta-analysis [10] pooled varying subtypes of PRP/
HA injections with dissimilar biological properties, which may impact the outcomes reported and thus lead to inaccurate
results. Additionally, other network meta-analyses exist but have limited their scope to only PRP, HA and CS, failing to
include other available therapies.

The purpose of the current study is to perform a network meta-analysis of the randomized control trials in the literature
to ascertain whether there is a superior injectable nonoperative treatment for knee OA. Our hypothesis was that orthobio-
logic therapies would prove superior to other intra-articular injectables in the treatment of knee OA.
2. Methods

2.1. Study selection

Two independent reviewers performed the literature search based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [11]. The search results were reviewed, and if any discrepancies existed,
a third author reconciliated. All search results were evaluated by title and abstract, and any studies potentially included were
then reviewed in full. Additionally, references of all included studies were then screen manually for any additional articles
that may meet inclusion criteria.
2.2. Search strategy

The following search terms were used in MEDLINE, EMBASE and The Cochrane Library Database, databases in February
2020 as the search algorithm: [platelet rich plasma OR prp OR autologous conditioned plasma OR bone marrow aspirate
OR corticosteroid OR acp OR hyaluronic acid OR ha OR mesenchymal stem cell OR msc OR ozone OR polydeoxyribonu-
cleotide] AND [knee] and [osteoarthritis OR oa OR gonarthrosis OR cartilage]. No time limit was given to publication date.
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2.3. Eligibility criteria

The inclusion criteria were: 1) randomized control trial comparing intra-articular injections in the knee, 2) published in a
peer reviewed journal, 3) published in English, 4) includes VAS andWOMAC outcome scores, and 5) full text of studies avail-
able. The exclusion criteria were the following: 1) non-randomized studies, 2) review studies, 3) does not include patient
outcome scores, and 4) basic science studies.

2.4. Data extraction/analysis

All relevant information regarding the study characteristics including design, level of evidence, methodological quality of
evidence, population, outcome measures, and follow-up time points were collected by two independent reviewers using a
predetermined data sheet. Studies were defined as leukocyte poor (LP)-PRP or leukocyte rich (LR)-PRP by the manufacturer’s
specifications as well as whether they had more or fewer leukocytes than autologous blood. Trials of hyaluronic acid were
separated by molecular weight: high molecular weight (HMW) was greater than 1,800,000; middle molecular weight
(MMW) was defined as 1,000,000 to 1,799,000; low molecular weight (LMW) was defined as 400,000 to 999,999; small
molecular weight (SMW) was 399,999 or less. The level of evidence (LOE) was evaluated based on the criteria by The Oxford
Centre for Evidence-Based Medicine. The risk of bias and methodological quality of evidence (MQOE) was assessed for ran-
domized control trials using the Jadad scale, a 5 point scale [12]. Studies with a Jadad score of >3 were considered to have a
low risk of bias. The Jadad score of all included studies can be found in the appendix. Despite only including Level I random-
ized controlled trials, some studies still introduce an element of bias, such as a lack of reporting the outcomes of all recruited
patients (including dropouts or loss to follow-up), as well as non-blinded studies.

2.5. Statistical analysis

All statistical analyses were performed using R (R Foundation for Statistical Computing, Vienna, Austria). A frequentist
approach to network meta-analysis with a random effects model was performed using the netmeta package version 0.9–6
in R [13]. For continuous outcomes, the relative effect sizes were reported as standardized mean differences (MD), and
for dichotomous outcomes, the relative effect sizes were reported as odds ratios (OR). The effect sizes were reported with
95% confidence intervals (95% CI). Heterogeneity was quantified using the I2 statistic [14]. The frequentist analogue to the
surface under the cumulative ranking (SUCRA) probabilities called the P-score was used to rank the treatments. This method
allows each treatment to be ranked on a scale from 0-1, where 0 indicates the least effective treatment and 1 indicates the
most effective [13].

3. Results

3.1. Literature search

The initial literature search resulted in 5594 total studies. Once duplicates were removed and articles were screened by
title and abstract, 177 studies were included, and full texts were assessed for eligibility. Ultimately, 79 studies with 8761
patients met inclusion and exclusion criteria (Figure 1).

3.2. Patient demographics

There were 79 RCTs with a total of 8,761 patients. The mean age of included patients was 61.1, the majority of patients
were female (64.4%), and the follow-up ranged from 4-weeks to 24-months. The full list of included studies and their char-
acteristics is listed in Appendix 1.

3.3. VAS score

There was no significant difference in VAS score at baseline between any of the groups. At all post-injection time points,
the treatment with the highest P-Score for VAS score was SVF [P-Score Range = 0.8922–9923]. The P-Scores for VAS score are
shown in Table 1, and the forest plots for VAS score at 4–6 weeks, 3 months, 6 months, and 12 months are shown in Figures
2, 3, 4, 5, and 6 respectively (Table 2).

3.4. WOMAC score

At baseline, the WOMAC score for MMW HA was significantly lower than the control, however, there was no significant
difference between the control and any of the groups. At 4–6 weeks and 3 months follow-up, the treatment with the highest
P-Score for WOMAC score was HMW + CS [P-Score = 0.9182 and 8735, respectively] At 6-months follow-up, the treatment
with the highest P-Score for WOMAC score was PRP [P-Score = 0.9617]. At 12-months follow-up, the treatment with the
175



Table 1
VAS score.

4-6Weeks 3Months 6Months 12Months

SVF: 0.9061 SVF: 0.8922 SVF: 0.9923 SVF: 0.9483
HMW + CS: 0.8519 HMW + LR-PRP: 0.8049 ACS: 0.904 HMW + LR-PRP: 0.871
ACS: 0.8391 ACS: 0.759 LMW + LP-PRP: 0.7947 LR-PRP: 0.7404
HMW + LR-PRP: 0.7391 LR-PRP: 0.6024 HMW + LR-PRP: 0.7771 LP-PRP: 0.7326
LR-PRP: 0.6832 LP-PRP: 0.59 LP-PRP: 0.6921 MSC: 0.5406
CS: 0.6284 LMW: 0.542 LR-PRP: 0.6171 LMW: 0.3823
LP-PRP: 0.5511 LMW + LP-PRP: 0.5095 LMW: 0.454 Saline: 0.3668
MMW: 0.4184 HMW: 0.4684 MMW: 0.3912 CS: 0.3004
HMW: 0.4114 HMW + CS: 0.4657 MSC: 0.3808 MMW: 0.287
LMW: 0.3844 MSC: 0.4038 Saline: 0.3149 HMW: 0.2158
BoNTA: 0.3788 MMW: 0.3986 HMW + CS: 0.2855 Ozone: 0.1148
Ozone: 0.2796 BoNTA: 0.3803 HMW: 0.2731
LMW + LP-PRP: 0.2145 Saline: 0.336 CS: 0.1231
Saline: 0.1156 CS: 0.1818 Ozone: 1e-04
MSC: 0.0984 Ozone: 0.1654

ACS; autologous conditioned serum, BoNTA; botulinum toxin A, CS; corticosteroids, HMW; high-molecular weight hyaluronic acid, LMW; low-molecular
weight hyaluronic acid, MSC; mesenchymal stem cells, MMW; medium-molecular weight hyaluronic acid, PRP; platelet-rich plasma, PRFG; plasma rich in
growth factors, SVF; stromal vascular fraction.

Figure 1. PRISMA Study Selection Flow Diagram.
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Figure 2. Forest Plot of VAS Score at 4–6-week follow-up.

Figure 3. Forest Plot of VAS Score at 3-month follow-up.
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Figure 4. Forest Plot of VAS Score at 6-month follow-up.

Figure 5. Forest Plot of VAS Score at 12-month follow-up.
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highest P-Score for VAS score was SVF [P-Score = 0.9034]. The P-Scores for VAS score are shown in Table 1, and the forest
plots for WOMAC score at 4–6 weeks, 3 months, 6 months, and 12 months are shown in Figures 7, 8 and 9 respectively.
4. Discussion

The most important finding of this study was that SVF resulted in the highest P-Score for VAS score at all time points,
indicating that this had the greatest effect on pain post-injection at all time points. Furthermore, SVF had the highest
WOMAC score at 12-months post-injection indicating that these patients also had the highest functional outcome scores fol-
178



Figure 6. Forest Plot of WOMAC Score at 4–6-week follow-up.

Table 2
WOMAC score.

4-6Weeks 3Months 6Months 12Months

HMW + CS: 0.9182 HMW + CS: 0.8735 ACS: 0.9617 SVF: 0.9034
ACS: 0.7627 LP-PRP: 0.7757 LP-PRP: 0.7514 LP-PRP: 0.8203
LP-PRP: 0.6305 BMAC: 0.7567 MSC: 0.6726 LR-PRP: 0.6559
LMW: 0.608 LR-PRP: 0.723 LMW + LP-PRP: 0.6439 BMAC: 0.5438
HMW: 0.5992 HMW: 0.6552 SVF: 0.6408 MSC: 0.5411
LR-PRP: 0.5839 LMW + LP-PRP: 0.6167 LR-PRP: 0.5772 HMW: 0.4531
BMAC: 0.5425 MMW: 0.5171 HMW + CS: 0.5771 LMW: 0.4064
LMW + LP-PRP: 0.447 LMW: 0.4944 MMW: 0.5343 Saline: 0.398
MMW: 0.4296 BoNTA: 0.3456 BMAC: 0.4615 MMW: 0.3872
CS: 0.3576 CS: 0.3118 HMW: 0.4381 Ozone: 0.2017
SVF: 0.3202 SVF: 0.1712 LMW: 0.4045 CS: 0.1892
Ozone: 0.3074 Ozone: 0.146 Saline: 0.1635
BoNTA: 0.2912 Saline: 0.1131 CS: 0.1345
Saline: 0.2021 Ozone: 0.0389

ACS; autologous conditioned serum, BoNTA; botulinum toxin A, CS; corticosteroids, HMW; high-molecular weight hyaluronic acid, LMW; low-molecular
weight hyaluronic acid, MSC; mesenchymal stem cells, MMW; medium-molecular weight hyaluronic acid, PRP; platelet-rich plasma, PRFG; plasma rich in
growth factors, SVF; stromal vascular fraction.
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lowing treatment. However, it is still worth noting that the majority of intra-articular injections had higher P-Scores than the
saline placebo, and thus were shown to be efficacious. The only intra-articular injectable which was found to be consistently
worse than the placebo was ozone.

This study performed a network meta-analysis which is an ideal method of comparison of the multiple intra-articular
injections utilized in the treatment of knee OA. A network meta-analysis allows for direct and indirect comparison of treat-
ments using common comparators and ranking them with a P-score, a representation of the probability that the treatment
option is associated with the optimal result in each outcome measure. The P-Score does not represent the magnitude of dif-
ference between the treatment choices, and it does not signify clinically significant differences. Thus, it is important to look
at the odds ratio, mean difference and confidence interval between each treatment as seen in the forest plots.

Previous network meta-analyses have been conducted on the treatment of knee OA, and have come to differing conclu-
sions, primarily due to differences in methodologies. Firstly, this study included SVF which was found to have the highest P-
Score, and this was not included in the majority of other network meta-analyses in the literature. SVF is comprised of adipose
179



Figure 7. Forest Plot of WOMAC Score at 3-month follow-up.

Figure 8. Forest Plot of WOMAC Score at 6-month follow-up.
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derived mesenchymal stem-cells, pericytes, vascular adventitia cells, fibroblasts, preadipocytes, monocytes, macrophages,
and red blood cells. SVF is harvested from adipose tissue, an attractive source of mesenchymal-stem cells due to the abun-
dance of adipose tissue and ease of accessibility.

Significant chondrogenic effects from the application of adipose derived mesenchymal stem-have been shown in in-vitro
studies, proposing that SVF possess the CD73, CD90, CD105 and CD106 markers, which are surface markers required for cell
differentiation into cartilage [15–17]. Furthermore, there is also a paracrine effect of SVF on OA chondrocytes as they pro-
180



Figure 9. Forest Plot of WOMAC Score at 12-month follow-up.
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mote inhibitory macrophages and T regulatory cells, which may decrease inflammatory markers and result in the pain relief
and functional improvement as shown by this network meta-analysis [15,16]. However, it is important to note that the har-
vest method of SVF in the majority of studies involves the use of collagenase to separate the adipose and it is important that
collagenase digestion cannot be used in the United States due to FDA regulations. Therefore, for SVF to be utilized in the Uni-
ted States, it requires mechanical fractioning to separate the SVF from the adipose tissue.

Our study performed subgroup analysis based on the leukocyte concentration of the PRP preparations, and the molecular
weight of HA, as these are important biologic variables which may impact the results. LP-PRP has been shown in basic
science studies to stimulate endogenous HA production and decrease cartilage catabolism and suppress the inflammatory
mediators and expression of their genes in synoviocytes and cartilage [18]. The reduction in inflammatory mediators plays
a role in the pain reduction following LP-PRP injections. Cole et al. [19] found in their RCT that with LP-PRP there was a
decrease in the pro-inflammatory cytokines as measured by ELISA. In contrast, there may be concern with utilizing LR-
PRP for knee OA as it may be pro-inflammatory based on basic science evidence. However, Mariani et al. [20] found that this
did not alter the inflammatory cytokines as measured by ELISA. Although our study found LP-PRP resulted in higher P-Scores
than LR-PRP, which would support that the decreased leukocyte concentration results in improved clinical outcomes.

Higher molecular weight in HA injections has been suggested to be more efficacious as it more closely resembles the HA
in the knee, which is lost in an osteoarthritic joint [21–24]. Elmorsy et al. [25] found in a rabbit osteoarthritis model HMW-
HA has greater chondroprotective effects than LMW-HA. However, in our study there was mixed evidence with different
molecular weights having greater effects at different time points, and thus requires further study. Although, it is interesting
to note that HA and a concomitant medication such as PRP or CS resulted in superior outcomes at most time points compared
to isolated injections. This suggests that there may be a synergistic effect between them, as PRP and CS primarily modulate
inflammation, whereas HA offers a chondroprotective effect, and thus the combination could lead to greater clinical
improvements.

Corticosteroid injections are often the first line injection for knee OA, however, while they provide initial pain relief due to
decreased inflammation, they are not chondroprotective and may cause further cartilage loss [26,27]. While research on the
non-operative treatment of knee OA has been rapidly advancing, there are still several areas that require further study.
Orthobiologics have been shown to improve symptoms by dampening the inflammatory process and have chondrogenic
potential, however, it is still unclear if they prolong the interval time to knee arthroplasty.
5. Limitations

As a systematic review, a major limiting factor is the lack of available data between the included studies. Similarly, dis-
crepancies exist in reported outcomemeasures as follow-up was obtained at various points during the post-operative period.
In the included pooled analyses, the standardization of reporting limited our analysis. Thus, some intra-articular injections
could not be added to comparisons at certain time points. However, we mitigated the heterogeneity by including random
effects models to control for this.
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6. Conclusion

The current evidence shows that SVF injections result in the greatest improvement in pain and functional outcomes in
patients with knee OA at up to 1-year follow-up.
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Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.org/10.1016/j.knee.2021.08.008.
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