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Abstract

Objective. To evaluate the short-term safety and effectiveness of amniotic membrane/umbilical cord particulate
(AMUC) in managing pain in patients with various severities of knee osteoarthritis (OA). Design. Single-center, pro-
spective, investigator-initiated pilot study. Setting. Private practice. Subjects. A total of 20 knee OA patients aged
�18 years were enrolled with pain >40 mm, as determined by the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)–A. Methods. Patients received an ultrasound-guided, intra-articular injection of 50 mg
of AMUC particulate reconstituted in 2 mL of preservative-free saline. All patients were then monitored at six weeks,
12 weeks, and 24 weeks postinjection. Patients who did not show >30% reduction in pain received a second injection
of AMUC at six weeks. WOMAC, Patient Global Assessment, medication usage, and magnetic resonance imaging
(MRI) were assessed. Results. Knee OA pain significantly decreased from 74.3 6 17.2 at baseline to 45.0 6 25.4 at six
weeks (P< 0.01), 35.4 6 26.6 at 12 weeks (P< 0.001), and 37.4 6 26.7 at 24 weeks (P< 0.001). This pain reduction was
associated with a significant improvement in physical function (WOMAC-C) at all time points (P< 0.05) and stiffness
(WOMAC-B) at 12 weeks (P¼0.01). Eleven patients received a second injection, which was significantly correlated
with body mass index >30 kg/m2 (P¼ 0.025). MRI evaluation of the overall population revealed an improvement in
the severity of bone marrow lesions in seven patients. No adverse events were observed. Conclusions. AMUC particu-
late injection relieved pain and improved physical function in patients with symptomatic knee OA.
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Introduction

Knee osteoarthritis (OA) is a degenerative joint disease

that causes pain and decreased function, dramatically re-

ducing the quality of life in those affected [1]. The preva-

lence of symptomatic knee OA in the United States is

estimated at 15.6 million, with advanced knee OA com-

prising the majority of individuals [2]. The population

with knee OA is expected to continually rise, with recent

estimates projecting a nearly 40% increase in the preva-

lence of all forms of arthritis over the period 2005–2030.

Notable risk factors associated with the onset of knee

OA include age, female gender, increased body mass in-

dex (BMI), and previous knee injury [3].

Although the sources of pain in OA have yet to be

fully elucidated, bone marrow lesions (BMLs), a common

feature of painful knee OA detected by magnetic reso-

nance imaging (MRI) [4], have been shown to play an

important role and have been associated with other clini-

cal manifestations of knee OA such as progression of ar-

ticular cartilage loss [4–17]. BMLs can be graded by

scoring systems using sensitive MRI sequences [9], and

their severity strongly correlates with Kellgren-Lawrence

grades [18]. Furthermore, reduction of the BML size has

been shown to be correlated with knee OA pain relief,

supporting the notion that BML is the origin of knee OA

pain [19].
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Among the pharmacologic therapies for knee OA,

nonsteroidal anti-inflammatory drugs (NSAIDs) and

analgesics are commonly used [20]. Although these treat-

ments can effectively relieve pain, long-term use is not

recommended as they can cause adverse cardiovascular

and gastrointestinal effects [21,22]. Further, there is

widespread recognition of the opioid abuse crisis,

highlighting the need for safer but effective options [23–

26]. Intra-articular injection of steroids or hyaluronic

acid (HA) has become an appealing alternative treatment

approach given their ability to reduce pain with fewer

side effects than some oral medications [27]. Although

corticosteroids have been shown to reduce pain in the

short term, HA appears to be superior in safety and effi-

cacy [27–29]. However, the true effectiveness of HA is

questionable given controversial findings in many studies

[27–29]. Thus, there is a need for a safe “nonopioid” OA

treatment that not only alleviates symptomatic joint pain

and improves function, but also slows progression of the

disease.

Cryopreserved human umbilical cord (UC) and amni-

otic membrane (AM) are both commercially available

and have a long history of safe use in a variety of clinical

applications due to their anti-inflammatory, antiscarring,

and proregenerative properties [30–33]. Injection of

AMUC particulate matrix has been shown to attenuate

progressive cartilage degeneration in a small animal

model of knee OA [34]. In that study, EPIC-lCT analysis

demonstrated that animals injected with AMUC had a

significant increase in both cartilage thickness and vol-

ume, as well as a significant decrease in total lesions

when compared with saline-injected control animals.

Osteoarthritis Research Society International (OARSI)

histology scores of tibial sections further verified EPIC-

lCT results. Therefore, this pilot study was initiated to

assess the safety and effectiveness of intra-articular injec-

tion of AMUC particulate in relieving pain and improv-

ing function in patients presenting with knee OA and to

assess the correlation of these outcomes with resolution

of BML.

Methods

After approval from the Western Institutional Review

Board (Puyallup, WA, USA), this prospective, single-

center, investigator-initiated pilot study was conducted

to evaluate the safety and effectiveness of intra-articular

injection of AMUC particulate in patients presenting

with refractory knee OA pain. The study was performed

in accordance with the Declaration of Helsinki, and writ-

ten informed consent was obtained from all subjects be-

fore participation. A total of 20 consecutive patients with

knee OA who met the inclusion/exclusion criteria were

enrolled in the study. The inclusion criteria included

patients (aged � 18 years old) clinically diagnosed with

symptomatic knee OA who had not received another

intra-articular injection in the affected knee within

30 days. The exclusion criteria included 1) patients with

acute fractures, avascular necrosis, and/or severe defor-

mity in the affected knee; 2) patients with inflammatory

disease of the knee other than OA (e.g., rheumatoid ar-

thritis, chronic hemochromatosis, sickle cell anemia, and/

or arthropathies of systemic diseases, such as chondrocal-

cinosis, gout, hemophilia, and infectious diseases of the

joints); and 3) patients who had surgery on the affected

knee within the previous six months, had a planned sur-

gery to the knee within the study period, or had partici-

pated in another interventional study within 30 days of

screening.

At screening, patients were considered to have symp-

tomatic knee OA if they had knee pain >40 mm, as deter-

mined by averaging the five scores of the modified 100-

mm visual analog scale Western Ontario and McMaster

Universities Osteoarthritis Index (WOMAC) pain sub-

scale. The WOMAC is a self-administered questionnaire

that has three subscales that measure pain (WOMAC-A,

five questions), stiffness (WOMAC-B, two questions),

and physical function (WOMAC-C, 17 questions), with

higher scores indicating worse status; it has been vali-

dated for knee OA [35]. Patients with bilateral knee OA

designated the more painful knee as the study index knee

at screening. In addition, diagnosis of knee OA was con-

firmed at baseline screening with MRI.

Patients who met the eligibility criteria received subcu-

taneous injection of 5 cc of lidocaine using a 25-gauge

needle to numb the skin, followed by an ultrasound-

guided aspiration of all persistent intra-articular synovial

fluid using an 18-gauge needle and intra-articular injec-

tion of 50 mg of AMUC particulate (CLARIX FLO,

Amniox Medical, Inc., Miami, FL, USA) reconstituted in

2 mL of preservative-free saline. The injection was per-

formed with the knee in the bent position and

approached laterally. Injection of intra-articular anes-

thetics was not performed. Patients were then monitored

at six weeks, 12 weeks, and 24 weeks postinjection.

Patients who did not show a >30% reduction in pain (as

measured by averaging the 5 scores of the WOMAC-A)

received a second injection at six weeks, a duration that

was determined in a previously reported study for plantar

fasciitis [36]. A 30% cutoff was used because placebo

injections have been shown to provide pain relief of up to

30% [37], and WOMAC-A minimal clinically important

differences have been reported to be <26% [38, 39]. The

follow-up visit schedule was chosen based on the Food

and Drug Administration Guidance for Industry, stating

that the trial duration for demonstration of OA symptom

improvement should be at least three months [40]. After

injection of AMUC, all patients followed the same stan-

dardized rehabilitation protocol, which included ice ap-

plication to the affected area three times a day for no

more than 15 minutes for three days postinjection. All

patients were asked to stop use of pain medications

24 hours before all study visits to reduce a potential con-

founding effect on pain outcome measures. Patients were
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also asked not to use NSAIDs, including but not limited

to ibuprofen, naproxen, aspirin (>80 mg), and diclofenac

for a duration of six weeks postinjection. Patients were

asked not to perform sports activities for five days post-

injection and were allowed to perform usual daily activi-

ties 24 hours postinjection. Assistive devices (crutches,

canes, walkers, and braces) were not prescribed, but the

patients were allowed to use them if needed.

High-field (HF) MRI with a field strength of 1.5 Tesla

was performed at baseline and 24 weeks. Images were

captured using sagittal and coronal T2-weighted, fat-sat-

urated, fast spin-echo images. Aside from baseline images

being reviewed by the investigator to confirm eligibility

criteria, both baseline and 24-week images were graded

by a blinded radiologist using the Whole Organ

Magnetic Resonance Imaging Score (WORMS) [41] to

determine the presence and degree of severity of BML in

the index knee. The WORMS grading was as follows:

Grade 0: no BML; Grade 1: <25% of the region; Grade

2: 25–50% of the region; Grade 3: >50% of the region.

The BML was scored individually per subregion, and the

worst score out of all subregions was determined to be

the final BML score for each knee. An independent radi-

ologist was blinded to the information of the study trial

design and what treatment (if any) was administered, but

not to subject and time points of image acquisition to

score in longitudinal fashion, of which this information

has been shown to increase sensitivity in the detection of

clinically relevant changes [42].

The primary efficacy end point was determined by the

change in knee OA pain (as measured by the average of

five WOMAC-A pain questions) between 12 weeks and

baseline. Secondary outcomes measures included the

change from baseline in average WOMAC-B scores, av-

erage WOMAC-C scores, average WOMAC global

score, opioid and nonopioid medication use related to

knee pain, and change in severity of BML. Another effi-

cacy measure was Patient Global Assessment (PGA),

which was determined using a seven-point Likert scale at

six weeks, 12 weeks, and 24 weeks postinjection. Patients

were asked: “Considering all the ways your osteoarthritis

affects you, how have you been since your last visit?”

They provided a response of “very much worse,” “much

worse,” “a little worse,” “no change,” “a little better,”

“better,” or “much better.”

Safety was assessed by the investigator at 30 minutes

postinjection and at each follow-up visit by conducting

routine physical evaluations and index knee assessments

for tenderness, heat, redness, and swelling. Safety was

also evaluated via adverse events (AEs), that is, any unfa-

vorable and unintended sign, symptom, or disease

reported or discovered by the investigator at each visit.

Subjects were also instructed to call the investigator if

any side effects occurred between visits.

The AMUC particulate product is commercially avail-

able and derived from donated human placental tissue

following healthy, live, caesarian section, full-term

births. Under aseptic conditions, the placenta was first

cleaned of blood with PBS before separation of the AM

and UC by blunt dissection. The AM and UC were then

gently rinsed in PBS until all blood coloration was re-

moved, followed by morselization, lyophilization, and

terminal sterilization. The manufacturing utilized a cryo-

preservation process at low temperatures, which devital-

izes the living cells but retains the natural biological

characteristics relevant to this tissue, including anti-

inflammatory actions to upregulate IL-10 and downregu-

late IL-12 [33]. The final product was stored at room

temperature, and the dosage was chosen based on prior

preclinical studies [34].

Statistical Analysis
All statistical analyses were carried out using IBM SPSS,

version 20.0. Categorical variables were described by

percentages and frequencies, whereas continuous varia-

bles were described by means and standard deviations.

Continuous outcome measures were evaluated using the

Kruskal-Wallis test. In addition, the related-samples

Friedman’s two-way analysis of variance (ANOVA) by

ranks was utilized to test whether the distributions of

WOMAC pain, function, and stiffness scores signifi-

cantly differed across time points. This test is the non-

parametric alternative to the one-way ANOVA with

repeated measures. The proportion of patients who

achieved �50% improvement in pain from their baseline

WOMAC-A score was compared across time points us-

ing the related-samples Cochran’s Q test, which is a non-

parametric test for differences on a dichotomous

dependent variable across three or more groups.

Chi-square and Fisher exact tests were used to compare

categorical outcome variables. In addition, regression

analyses were conducted to detect any covariates or pre-

dictor variables of various outcome measures.

Additionally, a logistic regression model was used to con-

trol for potential confounding variables. A P value of less

than 0.05 was considered statistically significant.

Results

The baseline characteristics of the 20 enrolled patients

are summarized in Table 1. There were five males and 15

females, with an average age of 71.0 6 6.4 years and a

mean BMI of 29.7 6 4.3 kg/m2, reflecting the general

knee osteoarthritis population [3]. Their knee OA pain

persisted despite prior intra-articular injection of steroid,

HA, stem cells, and Platelet-Rich Plasma in a period of

one month to five years.

After injection of 50 mg of AMUC particulate, pain and

physical function scores significantly improved from base-

line at all follow-up time points (Figure 1). The average

pain score significantly reduced from 74.36 17.2 mm at

baseline to 45.06 25.4 mm at six weeks (P< 0.0001),

35.4 6 26.6 mm at 12 weeks (P< 0.0001), and
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37.4 6 26.7 mm at 24 weeks (P< 0.0001). This change

from baseline equates to an average pain reduction of

37.6%, 55.1%, and 51.7% at six weeks, 12 weeks, and

24 weeks, respectively. The proportion of patients achiev-

ing �50% improvement in pain from baseline significantly

differed across time (P¼ 0.03) (Table 2): 25% (5/20) at six

weeks, 45% (9/20) at 12 weeks, and 50% (10/20) by

24 weeks. To adjust for factors other than treatment that

could influence improvement in pain at 12 and 24 weeks, a

logistic regression model was used. The covariates entered

included gender, BMI, diabetes, hypertension, prior treat-

ment, and number of AMUC injections administered.

None of the factors were statistically significant predictors

of pain improvement.

This reduction in pain was accompanied by improve-

ment in patients’ physical function scores, which signifi-

cantly reduced from 74.2 6 18.0 mm at baseline to

51.4 6 24.9 mm at six weeks (P¼ 0.016), 40.3 6 26.8 mm

at 12 weeks (P< 0.0001), and 41.7 6 27.3 mm at

24 weeks (P< 0.0001) (Figure 1). This change equates to

an average physical function improvement of 25.3%,

42.3%, and 44.5% at six weeks, 12 weeks, and 24 weeks,

respectively. Stiffness scores only differed significantly

from baseline at the 12-week follow-up (P¼ 0.018) and

showed a nonsignificant improvement by 24 weeks (34%

decrease, P¼ 0.18). Covariate analysis showed hyperten-

sion to be a significant factor regarding stiffness

(P¼ 0.02). No patient had adverse effects throughout the

duration of the trial.

Patient Global Assessment (PGA) was performed at

each visit by asking the patient how their knee OA has af-

fected them as compared with the last visit. Seventeen of

20 patients reported positive improvement at six and

12 weeks (Figure 2). By 24 weeks, this number decreased

to 14 patients, with hypertension again being a signifi-

cant covariate (P¼ 0.01). Overall the PGA score corre-

lated to improvement in pain and function. Along with

the improvement in pain, the usage of NSAIDs for pain

management significantly decreased from 10 patients at

baseline to two patients at 24 weeks (P¼ 0.006). Five of

nine patients who reported taking opiates at baseline

ceased usage by 24 weeks, whereas one patient who only

took NSAIDs at baseline reported taking opiates “once

in a while” at follow-up. Neither of these differences

were statistically significant.

Ten of the 20 patients (50%) in this study did not

show >30% reduction in pain from baseline and received

a second injection at the six-week follow-up visit. One

additional patient who had 38% improvement received a

second injection per the investigator’s discretion.

Interestingly, seven of the eight (87.5%) patients with

BMI �30 kg/m2 (i.e., clinically obese) received a second

injection compared with only four of 12 patients

(33.3%) with a BMI <30 kg/m2 (i.e., clinically nonob-

ese), suggesting that obesity was significantly correlated

with the need of a second injection (P¼ 0.025). We then

analyzed all WOMAC subscale scores by comparing

those with BMI <30 kg/m2 to those with BMI �30 kg/

m2. The results showed significant improvement from

baseline for nonobese patients at all time points, whereas

obese patients only showed a significant difference in

pain scores at 12 and 24 weeks (Figure 3). At six weeks,

physical function scores improved by 44.3% in nonobese

patients, whereas scores for obese patients got worse by

3.1% (P¼ 0.012). Physical function scores continued to

improve by 12 weeks in both groups, but all subscale

scores regressed at week 24 in obese patients (which cor-

responded with PGA scores) (Figure 2).

MRIs were reviewed by a blinded radiologist to deter-

mine the BML severity before and after treatment. At

baseline, 19 patients presented with a BML with a sever-

ity grade of �1. Patients with more severe BML had

more severe pain scores; however, this trend did not

reach statistical significance. The majority (50%) of

patients had a BML score of 1, indicating that they pre-

sented with mild severity, whereas 35% had Grade 2 and

10% had Grade 3. By 24 weeks, seven (37%) patients

had an improvement in BML scores and nine (47%)

patients had no change. The proportion of patients with

each BML severity was 10% Grade 0, 53% Grade 1,

37% Grade 2, and 0% Grade 3. One patient declined to

receive a follow-up MRI, so their data were omitted from

the comparison. Kendall’s tau-b correlation showed that

higher baseline BML scores were more likely to improve

in BML severity by 24 weeks, whereas less severe BMLs

were more likely to get worse (sb ¼ 0.55, P¼ 0.01).

However, there was no significant correlation between

baseline BML and improvement in pain or function at

any time point. There was also a significant negative

Table 1. Baseline patient clinical characteristics

AMUC Treatment Group

Sex (female/male), No. (%) 15/5 (75/25)

Age, mean 6 SD, y 71.0 6 6.4

BMI, mean 6 SD, kg/m2 29.7 6 4.3

Normal (18.5–<25 kg/m2), No. (%) 2 (10)

Overweight (25–<30 kg/m2), No. (%) 10 (50)

Obese (�30 kg/m2), No. (%) 8 (40)

Side (right/left), No. (%) 14/6 (70/30)

Use of pain medication, No. (%)

NSAIDs 10 (50)

Opiates 9 (45)

Risk factors, No. (%)

Diabetes 7 (35)

Hypertension 11 (55)

Prior knee intervention within 5 y, No. (%)

Corticosteroid injection 8 (40)

Hyaluronic acid injection 2 (10)

Stem cell 3 (15)

Platelet-rich plasma 3 (15)

AMUC injection 1 (5)

Surgery 4 (20)

AMUC ¼ amniotic membrane and umbilical cord; BMI ¼ body mass in-

dex; BME ¼ bone marrow edema; NSAID ¼ nonsteroidal anti-inflammatory

drug; WOMAC ¼ Western Ontario and McMaster Universities

Osteoarthritis Index.

2286 Castellanos and Tighe

Deleted Text: 6&hx2009;
Deleted Text:  
Deleted Text: , 
Deleted Text: 6&hx2009;
Deleted Text: &hx2019;
Deleted Text: 6&hx2009;
Deleted Text: , 
Deleted Text: 6&hx2009;
Deleted Text: -
Deleted Text: ;
Deleted Text: to
Deleted Text: 6
Deleted Text: 2
Deleted Text: 9
Deleted Text: ile
Deleted Text: 6
Deleted Text: that
Deleted Text: 7 of the 8
Deleted Text:  
Deleted Text: to
Deleted Text: 4
Deleted Text:  
Deleted Text: -
Deleted Text:  
Deleted Text:  
Deleted Text: -
Deleted Text: 6-
Deleted Text: -
Deleted Text: , 
Deleted Text: The 
Deleted Text: the
Deleted Text:  
Deleted Text: ,
Deleted Text:  a
Deleted Text: ile
Deleted Text: 7
Deleted Text: 9
Deleted Text: :
Deleted Text: as
Deleted Text: ile
Deleted Text: ,


correlation between age and BML score improvement (sb

¼ 0.40, P¼ 0.038), as younger patients tended to im-

prove more than older patients.

Discussion

This prospective pilot study showed that intra-articular

injection of AMUC particulate may be a safe and effec-

tive treatment by significantly reducing pain and improv-

ing physical function and stiffness at 12 weeks

postinjection in patients with symptomatic knee OA.

Such improvement in pain and physical function also ex-

tended to 24 weeks, when patients reported a 52% im-

provement in pain scores and a 45% improvement in

physical function. Both outcomes exceed the minimal

clinically important difference (MCID), or the smallest

outcome change that is meaningful to patients, which is

reported to be 12–26% for the WOMAC index [38, 39].

In fact, the majority of patients (65%) showed an MCID

with �30% improvement in both WOMAC pain and

physical function scores. Additionally, no adverse events

or complications were noted during the study period.

Despite these findings, future randomized controlled

studies are needed to further resolve whether there is a

dose-dependent lasting benefit beyond 24 weeks.

For the 12 nonobese patients with a BMI <30 kg/m2,

a single injection of AMUC was sufficient to achieve a

significant reduction of pain (47.6%) and improvement

in function (44.3%) as early as six weeks; they continued

to show progressive improvement at 12 and 24 weeks

(Figure 3). In contrast, for seven of the eight obese

patients with a BMI �30 kg/m2, a single injection was

Figure 1. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) subscale scores over 24 weeks following in-
tra-articular injection of amniotic membrane/umbilical cord particulate. WOMAC-A pain scores (expressed as mean 6 SD in mm)
(A), WOMAC-C physical function (B), WOMAC-B stiffness (C), and WOMAC global (D) are plotted against time. All data points were
compared with baseline. *P<0.05; **P�0.01; ***P�0.001.

Table 2. Proportion of patient improvement in WOMAC pain subscale compared with baseline

Week 6, No. (%)
Week 12, No. (%) Week 24, No. (%)

1 Injection (N¼9) 2 Injections (N¼11) 1 Injection (N¼9) 2 Injections (N¼11)

�20% improvement 11 (55) 8 (89) 10 (91) 8 (89) 9 (82)

�30% improvement 10 (50) 7 (78) 9 (82) 7 (78) 7 (64)

�40% improvement 6 (30) 6 (67) 6 (55) 6 (67) 7 (64)

�50% improvement 5 (25) 5 (56) 4 (36) 5 (56) 5 (46)

WOMAC ¼Western Ontario and McMaster Universities Osteoarthritis Index.
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not sufficient to achieve pain reduction >30% at six

weeks. These patients received a second injection, which

resulted in significant reduction of pain and improvement

of function at 12 weeks. However, by 24 weeks, all

WOMAC subscale scores regressed, suggesting that the

treatment might not have a lasting effect in obese patients

(Figure 3). Collectively, this result resembled what has

been reported in obese patients with symptomatic knee

OA who tend to present failure in the treatment of visco-

supplementation [43, 44]. It should be noted, however,

that use of a second injection for patients not showing re-

lief introduced a potential bias that may give a negative

case a second chance to be positive. Future randomized

controlled trials with AMUC need to consider stratifica-

tion according to BMI in knee OA patients to assess the

dose response and the lasting benefit.

In this study, the majority (95%) of patients at base-

line presented with a BML, which has been described as

an origin of knee OA pain [19]. The natural history sug-

gests that BMLs tend to get worse in knee OA patients as

time goes on [6, 8, 45–47]. However, AMUC treatment

resulted in a decrease of BML severity in seven (37%) of

19 patients, which is comparable to the 50% proportion

of patients who had �50% improvement in pain at

Figure 2. Patient Global Assessment. Patient’s evaluated how osteoarthritis affected them since their last follow-up visit. Seventeen
of 20 patients reported positive improvement at six and 12 weeks. By 24 weeks, this number decreased to 14 patients, with hyper-
tension being a significant covariate (P¼0.01).

Figure 3. Change in Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores from baseline according to
body mass index (BMI). A) WOMAC-A pain scores, (B) WOMAC-C physical function scores, (C) WOMAC-B stiffness scores, and (D)
WOMAC global scores are plotted against time for patients with BMI <30 kg/m2 (solid line, N¼12) and those with BMI �30 kg/m2

(dashed line, N¼8). **P�0.01.
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24 weeks. Interestingly, patients with more severe base-

line BML scores were more likely to show BML improve-

ment after AMUC injection than those with lower BML

scores. This finding is different from injection of HA,

which is less responsive in patients with higher BML se-

verity [48]. Nonetheless, we acknowledge that our pilot

study has the limitations of a small sample size and a lack

of a control group for comparison. The small sample size

could have also been a primary reason why BML scores

did not significantly correlate to WOMAC pain at base-

line or 24 weeks. Other studies have found no relation-

ship between WOMAC scores and BML severity [12, 46,

47, 49], whereas some studies have [15, 50, 51]. Hence,

it is important to conduct randomized controlled studies

to verify whether there is a potential benefit of AMUC to

modify OA by reducing BML, which might then lead to

reduction of progressive cartilage damage, as suggested

by preclinical animal models [34].

If the aforementioned efficacy were verified, the un-

derlying mechanism may be related to the anti-

inflammatory actions of AMUC, which has been shown

to promote apoptosis of inflammatory cells and reduce

secretion of inflammatory mediators known to be associ-

ated with knee OA [52, 53]. Additionally, the mechanism

of action may stem from suppression of TGF-b signaling,

which prevails in inflammation. This notion is derived

from in vitro and in vivo studies that disclose a patho-

genic role of TGF-b in the development of knee OA [54].

Furthermore, animal studies have shown that blockade

of TGF-b signaling in the subchondral bone attenuates

BML and other pathological OA changes including artic-

ular cartilage degeneration [55, 56]. In this regard, it is

relevant to appreciate that AMUC is known to suppress

TGF-b signaling [57, 58] and AMUC’s innate major bio-

chemical component, that is, HC-HA/PTX3, has been

shown to be responsible in part for anti-inflammatory,

antiscarring, and proregenerative effects [59]. Unlike

high–molecular weight HA, which is conventionally used

for treatment of knee OA, HC-HA/PTX3 has been

shown to significantly promote apoptosis of activated

neutrophils [52, 53] and promote phagocytosis by mac-

rophages [53]. HC-HA/PTX3 also promotes M2 macro-

phage polarization [53], whereas HA alone does not

[60]. Overall, these AMUC properties may facilitate sup-

pression of TGF-b, resolution of inflammation, and halt-

ing of cartilage degradation, thus leading to a better

healing response.

Conclusions

This study suggests that intra-articular injection of

AMUC particulate shows preliminary safety and effec-

tiveness in relieving pain and improving function in

patients with symptomatic knee OA presenting various

severities with BML Grades 0–3. A single injection on av-

erage yields benefit in nonobese patients, whereas a sec-

ond injection may be warranted in obese patients.

Further randomized controlled studies are needed to see

if this might be developed into a nonopioid alternative to

manage knee OA pain.
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