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Objective: To evaluate the long-term benefit of a single injection of amniotic membrane/ 
umbilical cord (AM/UC) particulate in patients with moderate to severe knee osteoarthritis 
(OA).
Methods: A single-center, investigator-initiated, retrospective study of patients who 
received intra-articular injection of 100 mg lyophilized and micronized AM/UC for radio-
graphically confirmed, Kellgren–Lawrence (KL) grade 3 or 4 symptomatic knee OA. Data 
regarding demographics, OA severity, comorbidities, treatment regimens, complications, and 
patient-reported outcomes were collected and assessed. Patient Global Impression of Change 
(PGIC) was assessed on a 7-point scale, and Global Perceived Improvement (GPI), expressed 
as percent improvement relative to baseline, was used to further quantify the degree of 
symptomatic change. Clinically important response to treatment was assessed at 12 months 
using simplified OMERACT–OARSI responder criteria.
Results: A total of 42 patients with KL grade 3 (36%) and 4 (64%) knee OA were included 
for analysis. Prior to injection, patient-rated pain was 6.6 ± 1.5 out of 10 (median: 7, range: 
3–10) despite prior treatment with oral/topical NSAIDs (62%) and intra-articular injection(s) 
of corticosteroids (57%) and/or hyaluronic acid (48%). Twelve months following AM/UC 
injection, 31 patients (74%) reported significant clinical improvement via PGIC, and the 
OMERACT–OARSI treatment response rate was 81% (34/42). GPI of pain and function was 
62 ± 24%, 69 ± 27%, 69 ± 27%, and 64 ± 31% at 1, 3, 6, and 12 months, respectively. 
Symptomatic improvement was maintained for an average duration of 12.1 ± 4.5 months 
(median: 12, range: 3–22). One patient developed swelling in the knee within 36 hours of 
injection. No other adverse events or complications were reported.
Conclusion: Intra-articular injection of AM/UC particulate may be effective in alleviating 
pain and improving function in patients with moderate to severe knee OA, with the potential 
to delay total knee replacement for up to 12 months.
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Introduction
Knee osteoarthritis (OA) is a degenerative joint disease affecting nearly 14 million 
individuals in the United States alone.1 Pathologic features include articular cartilage 
degradation, remodeling of subchondral bone, osteophyte formation, and synovial 
inflammation. Initially believed to be the result of wear and tear on the joints, the 
pathogenesis of OA is now known to be largely driven by a complex interplay of 
inflammatory mediators.2 This inflammation, coupled with progressive articular ero-
sion, causes pain, progressive loss of function, and diminished quality of life.3,4 Given 
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its high prevalence, knee OA is a leading cause of physical 
disability in the aging population.5

There are currently few effective conservative treat-
ment modalities for symptomatic knee OA, none of 
which prevent disease progression. Analgesics, such as 
nonsteroidal anti-inflammatory drugs (NSAIDs), acetami-
nophen, and opiates, provide only modest, temporary pain 
relief that is often accompanied by adverse side effects, 
especially in the elderly knee OA population.6,7 Intra- 
articular injection of corticosteroids is a common treat-
ment that targets inflammation; however, benefits may be 
short term,8,9 and recent findings suggest that these injec-
tions are associated with progressive articular cartilage 
loss and may ultimately worsen the joint’s arthritic 
state.10−12 Furthermore, intra-articular hyaluronic acid 
(HA) injections have been widely used to improve joint 
lubrication, yet the clinical practice guidelines by the 
American Academy of Orthopedic Surgeons (AAOS) 
strongly recommend against their use,13 as they have 
demonstrated little to no clinical benefit.14

With the new paradigm of OA as an inflammation- 
driven disease, there has been a surge of interest in biolo-
gic therapies to alleviate pain and slow disease progres-
sion. Placenta-derived products, including cryopreserved 
amniotic membrane (AM) and umbilical cord (UC), are 
currently being investigated given their commercial avail-
ability, long history of safe use, and their known anti- 
inflammatory, anti-scarring, and pro-regenerative 
properties.15–18 In a preclinical study, Raines et al19 

found that intra-articular injection of AM/UC particulate 
dose-dependently attenuates cartilage degeneration in a rat 
OA model. A recent prospective pilot study further 
demonstrated that one or two injections of 50 mg AM/ 
UC particulate significantly improved pain and physical 
function in mild knee OA for up to 6 months.20 Given 
these encouraging findings, we conducted a retrospective 
study to assess the clinical benefit of a single intra- 
articular injection of 100 mg AM/UC particulate in alle-
viating pain and promoting functional recovery in patients 
with moderate-to-severe knee OA.

Patients and Methods
Following the IRB review exemption and waiver of 
authorization by Sterling Institutional Review Board, we 
reviewed the medical records of consecutive patients who 
received an intra-articular injection of AM/UC particulate 
for knee OA pain by a single orthopedic surgeon in 
a private practice setting between May 2017 (initial use 

of treatment) and March 2019 (enabling 1 year of follow- 
up data at the time of data extraction). In accordance with 
the Declaration of Helsinki, minimum necessary data were 
extracted from electronic medical records, which included 
age, gender, body mass index (BMI), potentially limiting 
comorbidities, duration of symptomatic knee pain, knee 
OA severity, degree of joint space narrowing, baseline 
pain intensity by the Numeric Rating Scale (NRS), prior 
or concomitant therapies, patient-reported outcomes, and 
complications or adverse events following AM/UC treat-
ment. Access of all patient data complied with relevant 
data protection and privacy regulations.

Patients
Patients were included in this study if they received 
a single, in-office injection of 100 mg AM/UC particulate 
(Clarix FLO®; Tissuetech, Inc., Miami, FL, USA) for knee 
pain secondary to OA and had a clinical diagnosis of 
moderate to severe knee OA, which was defined as 
a Kellgren–Lawrence (KL)21 grade 3 or 4 based on radio-
graphic evidence (standing anteroposterior, lateral, 
Rosenberg, and sunrise views). Patients were excluded if 
they received an intra-articular injection of corticosteroid, 
HA, or biologic in the target knee within 3 months of AM/ 
UC injection (n = 14), had concomitant pathologies such 
as meniscal tear or ligament injury (n = 19), had rheuma-
toid arthritis22 (n = 2), did not have sufficient or quantifi-
able follow-up data (n = 31), or received a second 
injection of AM/UC within 12 months of initial injection 
(n = 14). The patient selection process is summarized in 
Figure 1.

Intra-Articular Injection of AM/UC
The AM/UC particulate (Clarix FLO®, Amniox Medical, 
Miami, FL, USA) is derived from donated human placenta 
tissue following healthy, live, caesarian section, full-term 
births. Under aseptic conditions, the AM and UC are 
removed from the placenta and cleaned of blood. This is 
followed by lyophilization, micronization, and terminal 
sterilization. All living cells are devitalized during this 
processing, while the tissues’ natural biological character-
istics, including its anti-inflammatory properties, are 
preserved.23 The final AM/UC product is in a particulate 
(powder) form and is stored at room temperature.

Using a 21-gauge needle and a pre-filled, 12-mL syr-
inge with 10 mL fill volume of 0.9% sodium chloride 
(Aquastat Saline Flush Syringe, Aquabiliti™, Nashville, 
TN, USA), 2 mL saline was added to a sterile vial 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Orthopedic Research and Reviews 2020:12 162

Mead and Mead                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


containing 100 mg of AM/UC particulate. The AM/UC 
solution was left to hydrate for 45 minutes. The knee was 
then prepped with alcohol and 10% povidone-iodine solu-
tion (Betadine®, Purdue Frederick Co, Stamford, CT, 
USA), and any persistent synovial fluid was aspirated 
using an 18-gauge needle through a superolateral 
approach. Excess saline was disposed of from the pre- 
filled syringe to leave only 3 mL saline remaining, and 
then 1 mL of 1% lidocaine was drawn into the syringe. 
The AM/UC solution was drawn from the vial with a 21- 
gauge needle into the syringe, and the 6-mL solution was 
injected into the intra-articular space via a lateral arthro-
scopic portal approach.

Following the injection, patients were told that they 
might have varying amounts of discomfort for 72 hours 
and could take analgesics as necessary, including NSAIDs. 

Patients were allowed to resume daily activities without 
any restrictions. Routine follow-up visits were generally 
scheduled at 1 month (± 2 weeks), 3 months (± 1 month), 
6 months (±1 month), and 12 months (± 1 month) follow-
ing injection. Patients returned after 12 months as needed, 
and their data were recorded. Given the high volume of 
seasonal residents, patients who had returned to their pri-
mary out-of-state residence followed up with the physician 
via telephone.

Outcome Measures
Patient Global Impression of Change (PGIC) was used to 
assess the patient’s overall perceived improvement of knee 
pain and function compared to baseline on a 7-point Likert 
scale. Outcomes were graded as (1) very much improved 
—nearly all better; good level of functioning; minimal 

Figure 1 Flowchart of patient selection.
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symptoms; represents a very substantial change (2) much 
improved—notably better with a significant reduction of 
symptoms; increase in the level of functioning but some 
symptoms remain (3) minimally improved—slightly better 
with little or no clinically meaningful reduction of symp-
toms (4) no change—symptoms remain essentially 
unchanged (5) minimally worse—slightly worse but may 
not be clinically meaningful (6) much worse—clinically 
significant increase in symptoms and diminished function-
ing or (7) very much worse—severe exacerbation of symp-
toms and loss of functioning. Clinically important 
improvement via PGIC was defined as a response of 
“much improved” or “very much improved”. Global per-
ceived improvement (GPI), expressed as percent improve-
ment following treatment relative to baseline, was used to 
further quantify the degree of symptomatic change in pain 
and function at follow-up, as it has been shown to strongly 
correlate with percent improvement in NRS pain.24 

Furthermore, lasting benefit of injection was defined as 
the duration of time between treatment injection and the 
noticeable return of knee OA symptoms.

Clinically important response to treatment was 
assessed using the Outcome Measures in Rheumatology 
(OMERACT)–Osteoarthritis Research Society 
International (OARSI) responder criteria, which presents 
the changes in three symptomatic domains (pain, function, 
and patient’s global assessment) after treatment as a single 
variable.25 For the purpose of this study, we used the 
criteria from scenario F,25 which differs from the estab-
lished responder criteria (scenario D) in that it defines 
improvement using only relative change rather than both 
absolute and relative change; nevertheless, when evaluat-
ing intra-articular specific knee OA drugs, these two sce-
narios demonstrate nearly the same performance with only 
a 2% difference between active treatment effects.25 Thus, 
a responder was defined as having either (1) ≥50% 
improvement in pain/function, or (2) ≥20% improvement 
in pain/function and patient’s global assessment ≥20% 
(PGIC score of “minimally improved” or better). 
Adverse events and complications were also assessed for 
safety and tolerability.

Statistical Analysis
All statistical analyses were carried out using IBM SPSS 
version 20.0. Categorical variables were described using 
percentages and frequencies, while continuous variables 
were described as mean ± standard deviation or median 
(range). The Mann–Whitney U-Test and Fisher’s Exact 

Test were used to assess differences in outcomes between 
KL grades. A P value <0.05 was considered statistically 
significant. Because this was a retrospective study and 
follow-ups were not consistent, missing data were 
addressed using the multiple imputation (MI) method. MI 
is considered the gold standard technique for missing data 
and is superior to listwise deletion and other traditional 
methods that may produce biased estimates (ie, single 
imputation methods).26,27 Overall, 3.3% of values were 
missing, with 9/33 (27%) variables missing at least one 
value. The percentage of missing values ranged from 0% 
for demographic variables to as high as 29% for GPI at 1 
month; thus, only 71% of the 43 patients would have been 
available for analysis under the traditional listwise deletion 
method. Data are primarily missing due to inconsistent or 
missed follow-up appointments over the 12-month period. 
After analyzing patterns of missing values for monotoni-
city, we included all analysis variables under the assump-
tion that data were missing in a random manner. GPI (1, 3, 
6, and 12 months), PGIC (1 and 6 months), baseline pain, 
and symptom duration were included in the imputation 
process. IBM SPSS Statistics version 20’s “automatic” 
command was used, and MI by fully conditional specifica-
tion was chosen. As suggested by White et al,28 50 impu-
tations were chosen as 45% (19/42) of cases were missing 
at least one value. Analyses run on each dataset were 
pooled according to “Rubin’s rules”.29 Imputed values 
compared reasonably well to observed values, and results 
using listwise deletion are similar to MI; thus, imputed 
results were utilized.

Results
A total of 42 patients (18 females, 24 males) met the elig-
ibility criteria and were included for analysis (Figure 1). 
Patients had a mean age of 74.1 ± 9.0 years (range: 52–94) 
and a mean BMI of 27.7 ± 4.1 kg/m2 (range: 20.3–35.3). 
Common comorbidities included hypertension (n = 24, 
57%), hypercholesterolemia (n = 17, 41%), heart disease 
(n = 12, 29%), thyroid disease (n = 9, 21%), diabetes (n = 
8, 19%), and renal disease (n = 2, 5%). Knee OA severity 
was radiographically diagnosed as KL grade 3 (n = 15, 36%) 
and KL grade 4 (n = 27, 64%), and joint space demonstrated 
narrowing by 86 ± 19% (range: 40–100%). Knee OA pre-
dominantly affected the medial compartment (n = 25, 60%), 
followed by the lateral (n = 12, 29%) and the patellofemoral 
compartment (n = 5, 12%). Symptomatic pain persisted for 
a median duration of 4 months (range: 0.5–120) despite prior 
treatment with oral or topical NSAIDs (n = 26, 62%) and 
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intra-articular injection of corticosteroid (n = 24, 57%), HA 
(n = 20, 48%), and/or platelet-rich plasma (n = 6, 14%). Five 
patients (12%) had no former treatment but proceeded with 
AM/UC injection after discussing available treatment 
options due to underlying conditions, personal preference, 
contraindications for other injection therapies, or lifestyle 
circumstances.

Prior to injection, patients rated pain as 6.6 ± 1.5 out of 
10 (median: 7, range: 3–10). Twelve months following 
AM/UC injection, 74% (31/42) of patients reported clini-
cally important improvement of knee pain and function 
according to PGIC (Table 1). Pain and function improved 
by 62 ± 24%, 69 ± 27%, 69 ± 27%, and 64 ± 31% at 1, 3, 
6, and 12 months, respectively, according to GPI (Table 1). 
Such symptomatic improvement was maintained for 
a mean duration of 12.1 ± 4.5 months (median: 12, 
range: 3–22). At 12 months, the treatment response was 
81% (34/42) as determined by the simplified OMERACT– 
OARSI criteria.

Of those with KL grade 3 knee OA, clinically impor-
tant improvement of knee pain and function via PGIC was 
reported in 87% (13/15) of patients at 12 months. Injection 
of AM/UC improved pain and function for an average of 
13.4 ± 3.6 months (range: 8–22), and the OMERACT– 
OARSI treatment response rate was 93% (14/15) at 12 
months. In KL grade 4 patients, clinically important 
improvement of knee pain and function was reported in 
67% (18/27) of patients via PGIC. Pain and function 
improved for an average duration of 11.5 ± 4.9 months 
(range: 3–20), and the OMERACT–OARSI treatment 
response rate was 74% (20/27) at 12 months. PGIC and 

GPI are presented by KL grade in Figures 1 and 2, respec-
tively. PGIC significantly differed between KL grade 3 and 
4 patients at 3, 6, and 12 months (P = 0.028, 0.025, and 
0.027, respectively; Figure 2). Furthermore, GPI signifi-
cantly differed between KL grade 3 and 4 patients at 1 
month (P = 0.026; Figure 3). No other outcomes signifi-
cantly differed by KL grade throughout the study.

After injection, one patient developed swelling in the 
knee within 36 hours, after which time, the patient 
reported progressive improvement of the knee to the 
point where he was largely pain free at 6 weeks with an 
increased range of motion. This patient had underlying 
heart disease, diabetes, hypertension, renal disease, and 
thyroid disease and had undergone knee arthroplasty on 
the same knee by a different surgeon 8 years prior. No 
other adverse events or complications were reported.

During the 12-month follow-up period, one patient 
received a single injection of cross-linked HA (Gel-One®, 
Zimmer Biomet Holdings, Inc, Warsaw, IN, USA) 8 months 
after AM/UC injection, as the patient began to have dis-
comfort when climbing stairs. This patient was lost to 
follow up afterwards. There was only one patient that 
underwent planned total knee arthroplasty (TKA) 9 months 
after AM/UC injection. No other patients received TKA 
during the 12-month follow-up period.

Discussion
Current conservative measures for knee OA consist of 
weight management, activity modification with non- 
impact aerobic exercise, physical therapy, NSAIDs, HA 
injections, and corticosteroid injection. However, there is 

Table 1 Patient-Reported Outcomes Following Intra-Articular Injection of Amniotic Membrane/Umbilical Cord Particulate

Month 1 Month 3 Month 6 Month 12

KL Grade 3–4 (N = 42)

GPI (%) 62 ± 24 

60 (0–100)

69 ± 27 

75 (0–100)

69 ± 27 

77.5 (0–100)

64 ± 31 

75 (0–100)

PGIC

Very much improved 19 (45%) 25 (60%) 24 (57%) 24 (57%)
Much improved 14 (33%) 11 (26%) 10 (24%) 7 (17%)

Minimally improved 7 (17%) 3 (7%) 5 (12%) 4 (9%)

No Change 2 (5%) 3 (7%) 3 (7%) 7 (17%)
Minimally Worse 0 (0%) 0 (%) 0 (0%) 0 (0%)

Much Worse 0 (0%) 0 (%) 0 (0%) 0 (0%)

Very Much Worse 0 (0%) 0 (%) 0 (0%) 0 (0%)
Cases Imputed (N) 12 3 1 3

Abbreviations: GPI, Global Perceived Improvement; KL, Kellgren–Lawrence; PGIC, Patient Global Impression of Change.
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inconsistency among knee OA treatment guideline recom-
mendations, particularly regarding HA and corticosteroid 
injections. The AAOS 2013 guidelines strongly recom-
mend against the use of HA,13 while the American 
College of Rheumatology (ACR) guidelines recommend 

against its use unless other conservative measures have 
been exhausted;30 conversely, OARSI recently altered 
their 2014 recommendation of HA injections from uncer-
tain to conditionally recommended in 2019.31 

Furthermore, both ACR and OARSI recommend the use 

Figure 2 PGIC by KL Grade. PGIC indicates Patient Global Impression of Change on a 7-point Likert Scale. Patients with Kellgren–Lawrence (KL) grade 3 knee 
osteoarthritis (OA) reported greater improvement at 3, 6, and 12 months compared with those with KL grade 4 knee OA (* denotes P < 0.05).

Figure 3 GPI by KL Grade. GPI indicates Global Perceived Improvement (scale range, 0–100%). Patients with Kellgren–Lawrence (KL) grade 3 knee osteoarthritis (OA) 
reported significantly greater improvement at 1 month compared to those with KL grade 4 knee OA (* denotes P < 0.05). Error bars indicate standard deviation.
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of corticosteroid,30,31 while the AAOS’s recommendation 
is inconclusive.13 In the present study, patients reported 
moderate-to-severe knee pain at baseline (median: 7) 
despite prior intra-articular injection of corticosteroid 
(57%) or HA (48%). This is presumably due to the 
advanced radiographic severity of our study sample, 
which comprised only those with KL grade 3 and 4 OA. 
In fact, several studies have demonstrated that patients 
with KL 3 and 4 knee OA are less likely to respond to 
an injection of corticosteroid32–34 or HA35–37 when com-
pared to those with KL 1 or 2 knee OA. A recent meta- 
analysis found that injection of HA is only effective in 
reducing pain in KL 1–3 knee OA patients, as this effect 
was no longer observed when including studies with KL 4 
knee OA.38 The observed decrease in efficacy upon 
including studies with KL 4 knee OA was statistically 
significant, further supporting the notion that patients 
with end-stage knee OA are less likely to respond to 
conservative treatment measures.38

When non-operative treatment fails and quality of life 
becomes notably compromised, surgical intervention is 
often considered.39 Surgical treatments for knee OA 
include osteotomy, arthroscopy, cartilage repair, and par-
tial or total knee arthroplasty (TKA). In fact, more than 
50% of knee OA patients in the United States will even-
tually undergo TKA, with the majority of cases having KL 
grade 3 or 4 OA.40 Yet, knee OA patients spend nearly half 
of their post-diagnosis life (13 ± 10 years) waiting for 
TKA after exhausting available non-surgical options,41 

underscoring the need for new conservative therapies that 
can effectively manage advanced symptomatic knee OA. 
In the present study, 74% of patients rated knee pain and 
function as “much improved” or “very much improved” 12 
months after AM/UC injection, which is in accordance 
with the 12-month treatment response rate of 81% accord-
ing to the simplified OMERACT-OARSI criteria. This 
study also disclosed that intra-articular injection of AM/ 
UC particulate is generally safe as there were no reported 
complications or adverse events aside from one case of 
knee swelling within 36 hours of injection. Lastly, symp-
tomatic pain and function improved for an average dura-
tion of 12 months, with one patient delaying TKA for 9 
months following AM/UC injection. Collectively, these 
results suggest that intra-articular injection of AM/UC 
may be an effective treatment option for patients with 
moderate-to-severe knee OA, with the potential to 
delay TKA.

The aforementioned clinical benefit of AM/UC parti-
culate can be attributed to its anti-inflammatory properties. 
The underlying mechanism may be due in part to AM/ 
UC’s ability to downregulate IL-1β,16,42 which has long 
been considered a central mediator of cartilage loss in OA 
by upregulating the major extracellular proteolytic 
enzymes in cartilage degeneration.43 Suppression of IL- 
1ß pathways has shown to be effective in reducing pain 
and preserving articular cartilage in animal models as well 
as humans.44,45 The therapeutic effects of AM/UC may 
also be due to its ability to suppress TGF-β signaling,46,47 

which is highly associated with inflammatory states. This 
notion is derived from in vitro and in vivo studies that 
have found TGF-β signaling to play a pathogenic role in 
the development of knee OA.48 Animal studies have 
shown that suppression of TGF–β signaling in the sub-
chondral bone attenuates pathological OA changes includ-
ing articular cartilage degeneration.49,50 In addition, AM/ 
UC’s innate, major biochemical component, ie, HC-HA 
/PTX3, has been shown to be responsible in part for its 
anti-inflammatory, anti-scarring, and pro-regenerative 
effects.51 Unlike high molecular weight HA,52 which is 
conventionally used for the treatment of knee OA, HC-HA 
/PTX3 has been shown to significantly promote apoptosis 
of activated neutrophils53,54 and polarization of M2 
macrophages.54 Collectively, these actions may help to 
resolve inflammation and attenuate cartilage degradation, 
both of which play an important role in the pathology and 
clinical manifestations of OA.2,3

The present study has several limitations. First and 
foremost, there was no control group due to the retro-
spective nature of this study. As a result, we had no 
means of determining the placebo effect and thus the 
overall treatment effect. However, the efficacy of conser-
vative knee OA treatments are well documented in the 
literature and serve as a historical control. Furthermore, 
patients did not have follow-up data at every time point, as 
many patients cancel follow-up appointments when symp-
toms are well controlled. As a result, the MI technique was 
implemented to account for missing data, which may have 
affected data accuracy. However, the listwise analysis 
revealed that the results changed to a very minimal degree. 
Lastly, GPI was used in place of the NRS pain scale; it is 
a simple way to gage improvement, is commonly used in 
this clinical practice, and thus was better documented in 
the patients’ medical records. The perception of improve-
ment is advantageous as it can be considered an integrated 
response that includes not only the patient’s perceived pain 
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relief but also improvements in functional state and quality 
of life.55 Numerous studies have found a moderate overall 
agreement between patient-reported percentage pain 
reduction and calculated percentage pain reduction from 
NRS pain scores, suggesting that these indices can be used 
interchangeably.56–58 However, it should be noted that 
there is a discrepancy in the degree of improvement 
between these two measures, with overestimations of self- 
reported percentages ranging from 2.6%57 to 16%.58 In the 
current study, however, post hoc analysis demonstrated 
that the average discrepancy between self-reported and 
calculated percent improvement was 2.6 ± 8.8% (median: 
0%, range: −10 to +25%) from 50 NRS follow-up values, 
suggesting that overreporting improvement is unlikely to 
significantly affect the validity of these results. Despite 
these limitations, this retrospective study provides insight-
ful, real-world evidence from an orthopedic clinical prac-
tice that suggest AM/UC particulate injection may be 
beneficial in patients with advanced knee OA who have 
exhausted other conservative treatment options. 
Prospective randomized controlled studies are warranted 
to validate the efficacy, safety, and long-term benefit of 
AM/UC in treating symptomatic knee OA.

Conclusion
In conclusion, intra-articular injection of AM/UC particu-
late may be a safe and effective treatment option in 
patients with moderate to severe knee OA with the poten-
tial to delay TKA. Prospective randomized controlled stu-
dies are necessary to validate its safety, efficacy, and long- 
term benefit.
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