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Intra-articular Autologous Conditioned 
Plasma Injections Provide Safe 
and Efficacious Treatment 
for Knee Osteoarthritis 

An FDA-Sanctioned, Randomized, Double-blind, 
Placebo-controlled Clinical Trial 

Patrick A. Smith,*t MD 
Investigation performed at the Columbia Orthopaedic Group, Columbia, Missouri, USA 

Background: Platelet-rich plasma (PRP) injections have become an intriguing treatment option for osteoarthritis (OA), particularly 
OA of the knee. Despite the plethora of PRP-related c itations, there is a paucity of high-level ·evidence that is comparable, cohort 
specific, dose controlled, injection protocol controlled, and double-blinded. 

Purpose: To determine the safety and efficacy of leukocyte-poor PRP autologous conditioned plasma (ACP) for knee OA treat­
ment through a feasibility trial regulated by the US Food and Drug Administration (FDA). 

Study Design: Randomized controlled trial; level of evidence, 1. 

Methods: In accordance with FDA protocol, patient selection was based on strict inclusion/exclusion criteria; 114 patients were 
screened, and 30 were ultimately included in the study. These patients were randomized to receive either ACP (n = 15) or saline 
placebo (n = 15) for a series of 3 weekly injections. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
scores served as the primary efficacy outcome measure. Patients were followed for 1 year. 

Results: No adverse events were reported for ACP administration. Furthermore, the results demonstrated no statistically signif­
icant d ifference in baseline WOMAC scores between the 2 groups. However, in the ACP group, WOMAC scores at 1 week were 
significantly decreased compared with baseline scores, and the scores for this group remained significantly lower throughout the 
study duration. At the study conclusion (12 months), subjects in the ACP group had improved their overall WOMAC scores by 
78% from their baseline score, compared with 7% for the placebo group. 

Conclusion: ACP is safe and provides quantifiable benefits for pain relief and functional improvement with regard to knee OA. No 
adverse events were reported for ACP administration. After 1 year, WOMAC scores for the ACP subjects had improved by 78% 
from their baseline score, whereas scores for the placebo control group had improved by only 7%. Other JOints affected with OA 
may also benefit from this treatment. 

Keywords: FDA; autologous conditioned plasma; leukocyte-poor platelet-rich plasma; placebo; saline control; WOMAC; osteo­
arthritis; level 1 

"Address correspondence to Patrick A. Smith, MD, Columbia Ortho­
paedic Group, 1 South Keene Street, Columbia, MO 65201 , USA (email: 
psmithmudoc@aol.com). 

1Columbia Orthopaedic Group, Department ot Orthopaedic Surgery, 
University of Missouri, Columbia, Missouri, USA. 

The author has declared the following potential conflict of interest or 
source of funding: P.A.S. is a consultant for Arthrex Inc. Arthrex Inc. pro­
vided support for this study. 

The American Journal of Sports Medicine, Vol. XX, No. X 
DOl: 10.1177/0363546515624678 
© 2016 The Author(s) 

1 

Osteoarthritis (OA) is one of most common adult joint dis­
eases worldwide and a leading cause of global disabil­
ity.U• 13

•
24

·
50 Although many defmitions exist , OA of the 

knee is most commonly evaluated with the Kellgren­
L ilwrPnl"' (K-L) r~tdingr11phic gr11ning ~chf>mP., which hM 
been in use for more than 40 years.26 It has been estimated 
that 10% of men and 13% of women older than 60 years 
suffer from symptomatic knee OA.5° For this reason, sev­
eral studies have been conducted to examine the negative 
effect of knee OA on multiple quality-of-life measures.2•11 

Several treatment options are available for knee OA, 
including intra-articular (lA) injections, oral nonsteroidal 
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anti-inflammatory drugs (NSAIDs), and even a variety of 
a lternative medicine techniques, all of which have been 
met with varying levels of success.10

·
36 One of the most 

effective treatments fo.r OA involves exercising and 
improving physical condition.17

•
18

·
44 This is particularly 

effective for pain reduction in overweight and obese people 
with OA.23 lA hyaluronic acid (HA) injections have been 
used in the Uni ted States for nearly 20 years but with 
varying levels of success.9

•
19

•
3 1

•
47 lA injection of corticoste­

roids to treat OA is often met with controversy and conten­
tion in the medical field and therefore may not be 
a sustainable recovery solution for the patient.7•

20
•
38 While 

NSAID use has proven effective in pain management for 
OA, the potential complications associated! with NSAIDs 
in older patients may outweigh the potential advantages 
in OA management.36

.4
3 Given the aging population and 

increasing rates of obesity, new methods are needed to 
reduce patient pain and improve mobility. 

Recently, platelet-rich plasma (PRP) injections have 
become an intriguing treatment option for OA, particularly 
for treatment of OA of the knee.4

·
8

•
29 This treatment is 

appealing to patients because it involves the use of their 
own blood product and is not an exogenous substance 
like steroids or HA. PRP can be either leukocyte-poor 
(LP-PRP) or leukocyte-rich (LR-PRP), depending on the 
preparation method. Several evidence level 1 studies 
have sh own good success with use of LP-PRP.5•

15
•
32

•
40

•
42 

Despite the plethora of PRP-related citations, there is 
a paucity of high-level evidence that is comparable, cohort 
specific, dose controlled, injection protocol controlled, and 
double-blinded.16·30 The primary objective of the current 
study was to characterize the safety and efficacy of autolo­
gous conditioned plasma (ACP) in patients with primary 
OA of the knee through a feasibility trial regulated by 
the US Food and Drug Administration (FDA) and based 
on treatment of 2 study groups, receiving 3 injections of 
either LP-PRP ACP or placebo (normal saline) a t 1-week 
intervals. The hypothesis was that no differences would 
be present for outcomes related to patient safety, while sig­
nificant improvement related to efficacy between blinded 
study groups would be present, and that these results 
would be maintained throughout the data collection period. 

METHODS 

FDA Oversight 

This was a sanctioned FDA feasibility study (Investiga­
tional Device Exemption [IDE) #14796) as the first study 
designed and implemented specifically to determine the 
safety and efficacy ofJA PRP injections for knee OA treat­
ment. The study was pe1·formed under guidelines estab­
lished by the FDA. For this trial, the main concept 
governing FDA approval was the safety a nd tolerability 
of ACP PRP treatment (referred to as ACP henceforth) in 
patients w.ith OA who had failed nonoperative treatment 
for at least 6 weeks. Safety was the primary endpoint of 
this study. In addition, evaluation of clin.ical efficacy was 
performed as a secondary endpoint to ensure reliability 
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of scientific data. Because this trial was a clinical study 
performed on human subjects to investigate a potential 
new drug, device, or biologic product, the FDA limited 
the study to 1 site with a maximum of 30 subjects. The 
FDA further delineated the criteria for study endpoints, 
administration of doses, eligibility to participate, labora­
tory screening criteria, and outcome score used (Western 
Ontario and McMaster Universities Osteoarthritis Index 
[WOMAC]) to assess the potential ther apeutic effects. 
The FDA's review of the study was focused on the safety 
and efficacy of the product and whether the potential ben­
efit of the PRP injection justifies the overall risk. 

Study Parameters 

This was designed as a prospective, single-center, random­
ized, double-blind (patient and investigator), 2-arm (paral­
lel group) study. Institutional review board approval was 
obtained through RCRC IRB (now Salus IRB). A certified 
research organization (CRO) monitored the study quar­
terly, and the FDA monitored it yearly (Medrio eClinical 
& Electronic Data Capture; Medrio Inc}. These entities 
were sepa1·ate from the research site to minimjze potential 
bias. All had specific regulatory responsibilities in regard 
to conducting clinical trials; the FDA was the regulatory 
official overseeing the study and the subsequent reporting. 
Study data were captu1·ed electronically via clinical soft­
ware (Medrio eClinical & Electronic Data Capture). 

Subject recmitment occurred through a clinical evalua­
tion of patients seeking treatment for knee OA from the 
author (primary investigator). Patient selection was based 
on strict inclusion/exclusion cl'ite1·ia (Table 1); 114 patients 
were screened and 30 were ultimately included (Figure 1). 
Each patient was then monitored by the CRO. A total of 
30 patients were randomized (after inclusion) to receive 3 
weekly lA injections of either ACP treatment (n = 15) or nor­
mal saline placebo (n = 15). The study was designed to eval­
uate the safety and efficacy of3 IAACP injections at 1-week 
intervals over a 12-month period. Patients in both t reat­
ment groups were allowed to take only acetaminophen for 
breakthrough pain. 

All patients had a screening visit (visit 1) and 3 treat­
ment visits 1 week apart (visit 2 at week 0, visit 3 at 
week 1, and visit 4 at week 2), followed by 3 follow-up visits 
(visit 5 at 2 months, visit 6 at 3 months, and visit 7 at 6 
months) after the first tl'eatment visit for enrollment. All 
patients had an end-of-study visit (visit 8) at 12 months 
after the fu·st treatment visit (F.igure 1). 

Randomization 

Once subjects were identified who met all the inclusion cri­
teria, randomization of the subjects was conducted. The 
medical assistant responsible for the patients' blood draws 
used an automated, internet-based randomization system 
to ensure concealed randomization from the author and 
from eligible, consenting subjects. Subjects were random­
ized to 1 of 2 b·eatment groups: The ACP group (investiga­
tional arm) underwent 3 lA .injections of 3 to 8 mL of ACP 
at 1-week intervals (n = 15), and the placebo group (control 

Downloa<lod from ajs.sagO\liA>.comatZit.IMER INC <lll FollnJary 15. 2016 



AJSM Vol. XX, No. X, XXXX ACP ls Safe and 1!-Tfica.ciou.~ for Knee OA 3 

TABLE 1 
Subject Eligibility Criteriaa 

Inclusion criteria 
• Age between 30 and 80 years 
• Documented diagnosis of primary OA for at least 6 weeks 
• Documented radiographic evidence of OA in the tibiofemoral or patcllofemoral compartment of the target knee (Kellgren-Lawrence 

grades 2 m· 3) 
• Continued OA pain in the target knee despite at least 6 weeks of 1 of the following nonoperative treatments: activity modification and 

weight loss, physical therapy, or NSAJD 
• WOMAC-pain subscale score of at least 8120 and at least moderate pain (a score of2) for at least 2 questions on the WOMAC-physical 

function subscale 

Exclusion criteda 
• Clinically 3+ effusion of the target knee (stroke test grading system) 
• Significant(> 10°) valgus or varus deformities as evidenced by standard-of-care radiograph 
• Viscosupplementation in any joint in the past 6 months 
• Increased dsk for postsurgical bleeding (eg, bleeding disorder or taking anticoagulants except low-dose aspidn) or postsurgical infection 

(eg, taking immunosuppressants or having a severe infection or a history of sedous infection) 
• Previous carti !age repair procedure on the injured cat-tilage surface (ie, OATS and ACJ) 
• Any degree of cognitive impairment. 
• Previous surgery at the t arget knee within the past 6 months 
• OA of either hip 
• Symptomatic OA of the contralateral knee 
• Systemic or IA injection of corticosteroids in any joint within 3 months before screening 
• Underlying medical conditions that could interfere with evaluation of the outcome 
• Positive pregnancy test, or lactating, or intent to become pregnant during treatment pedod 
• Rheumatoid at·tlll;tis 
• Gout 
• History of infection or cun·ent infection at the affected joint 
• Participation in any expedmental device or drug study within 1 month before screening visit 
• Cartilage t-epair "mict-oft·acture" in the past 5 years 

"ACJ, autologous chondt-ocyte implantation; lA, intra-articular; NSAID, nonsteroidal anti-inflammatm-y drug; OA, ostooartht·itis; OATS, 
osteochondral a utogt·afl. trar1sfer system; WOMAC, Western Ontario and McMaster Univer·sities Osteoarthritis Index. 

a rm) underwent 3 lA injections of 3 to 8 mL of phosphate­
buffered saline at 1-week intervals (n = 15). 

Demographics 

Data are reported as mean ± SD. The study jncluded a total 
of 19 women and 11 me n, age 50.06 ± 9.35 years, with 
a body mass index (BMI) of 28.50 ± 5.91. Patients in the 
ACP group were aged 53.53 :!: 8.22 years and had a BMI 
of 29.53 :!: 6.89; there were 10 women and 5 men. The pla­
cebo group patients were aged 46.60 :!: 9.37 years and had 
a BMI of27.47 :!: 4.78; there were 9 women a nd 6 men. 

Blinding and Injection Protocol 

A trained medical assistant completed all the blood draws 
on all s ubjects. This individual further prepared the injec­
tions and ensured the blinding of the syringes. Blinding of 
the syringe was performed by covering each syringe first 
with a iblack finger glove followed by a nonlatex white fin­
ger glove to securely conceal the syringe contents. This suc­
cessfully established subject and investigator blinding. 
This single individual pt·epared both treatments a nd deliv­
ered either the ACP or saline (placebo) in a concealed, opa­
que syringe for admin istration by the a uthor, wh o 
person a lly administered each injection. Each injection 

was d one via a lateral para patellar approach, which has 
been noted to be the most reliable knee injection.22 

Preparation of ACP 

A volume of 15 mL of blood was drawn into a double 
syringe system (Arthrex Inc) for a single spin in a centri­
fuge (Hettich ROTOFIX 32 A; Arthrex Inc.) at 1500 rpm 
for 5 minutes. The ACP was pt·ocured by pulling back on 
the secondary (smaller) syringe to remove the yellow 
leukocyte-poor PRP layer, leaving the lower leukocyte­
rich r ed blood cell pack behind (Figure 2). The volume of 
available PRP produced during the ACP procedure differed 
per individual, ranging from 4 to 7.1 mL. P er the protocol, 
the minimum injection volume of ACP was 3 mL and the 
maximum injection volume was 8 mL. These n umbers 
were based on the recoiJ'UJl.endations of the available liter­
ature.14·27·28·40 All patients in both groups had their blood 
drawn and spun for ACP procurement dm·ing each injec­
tion v.isit, because the amount of saline adm.inis tered to 
a given patient in the placebo treatment group was equal 
to the volume of available PRP that was produced from 
that patient's ACP centrifugation. Becau se the ACP is 
on ly s pun once for 5 minutes, the total preparation time 
is well less than 20 minutes; ther efore, treatment wit h 
an anticoagulant such as anticoagulant citrate dextrose 
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114 patients screened and 

assessed for ellgtbtltly by tnfOfllled 
consent Wlth delatled cfimcal examJ· 

nation and review of medical history 

84 excluded: 
22 had symptomatic contralateral 

knee OA 
15 had other underlying medical 

conditions 
14 did not meet K-Lgrade 
14 lack of oonsent, \vere not sure 
4 cartilage defect in study knee 
3 failed WOMAC test twice 
3 were not between 30 and eo yrs old 
3 were pregnant or plann1 ng to become 
3 hadhtpOA 

1 had no ev1dence (}f OA an study knee 

1 had recent and ongoing 

VJsoosupplementateon 

Follow-up 1: 30 patients mel final eltgibthly 

crtleria and underwent blood anai)'Sis 

Follow-up 2 (baseline) 
15 randomized to ACP Group. 

First Injection 

Fotlow-<~p 2 (baseline) 
15 randomized to Placebo Group. 

First Injection 

Follow-<Jp 3 (week 1) Follow-<Jp 3 (week 1) 
Second ACP 1n)ecllon administered Seoo<1d placebo Injection administered 

t t 
Follow-<Jp 4 (week 2) 

Third ACP injection administered 

Follow-<Jp 5 (month 2) 

t 
Fotlow-<Jp 6 (month 3) 

t 
Follow-<Jp 7 (month 6) 

t 
Fot low-up 8 (month 12) 

Follow-<Jp 4 (week 2) 
Th.rd placebo Injection administered 

t 
Follow-up 5 (month 2) 

t 
Follow-up 6 (month 3) 

t 
Follow-up 7 (month 6) 

Follow-<Jp 8 (month 12) 

Figure 1. Flow diagram of study method. ACP, autologous 
conditioned plasma; K-L, Kellgren-Lawrence; OA, osteoar­
thritis; PRP, platelet-rich plasma; WOMAC, Western Ontario 
and McMaster Universities Osteoarthritis Index. 

solution A (ACD-A) was not necessary, which further opti­
mized the timing of the entire procedure.37 

Radiographic Grading 

Radiogr aphs that were obtained included anteroposterior 
(AP) weightbearing and posteroanterior (PA) flexion 
weightbearing views of both knees, with a lateral view of 
the affected knee and a sunrise view of both knees. The 
author evaluated the radiographs using the Kellgren-Law­
rence system for classification of knee OA knee (Table 2).26 

Outcome Measures 

In a feasibility trial, the safety of a medical product con­
cerns the medical risk to the subject, which is usually 

1'he American Journal of Sports Medicine 

• IJ 

.,._ ACP 

Figure 2. Image of syringe components w ith blood sepa­
rated into the leukocyte-rich red blood cell pack and final 
injection syringe containing autologous condit ioned plasma 
(ACP). 

TABLE 2 
Kellgren-Lawrence Grading Values 

Autologous 
Kellgren-Lawrence Total Conditioned 
Grade Patients, n Plasma Group, n 

2 18 8 
3 12 7 

Placebo 
Group, n 

10 
5 

assessed in a clinical trial by laboratory tests (including 
clinical chemistry and hematologic tests), vital signs, clin­
ical adverse events (diseases, signs, and symptoms), and 
other special safety tests. The tolerability of the medical 
product represents the degree to which the subject can tol­
erate any such adverse effects. 

The requirements noted above were fulfilled through 
laboratory blood tests (both pre- and postinjection series), 
adverse event reporting, and any clinkal signs that 
became apparent. AU subjects underwent a screening visit 
so that baseline clinical signs were documented and thus 
any new adverse events could be documented. Analysis of 
the safety and tolerability of the product's effects occurred 
at 6 months, with a final analysis a t 12 months. 

The primary efficacy outcome was the change in pain, 
joint stiffness, and physical function (disability) measured 
using the WOMAC at baseline, 1 week, 2 weeks, 2 months, 
3 months, 6 months, and 12 months during the prospective 
trial. This test has been validated by its use in previously 
completed PRP, HA, and other OA studies.3

•
5

•
33

•
34

•
39 The 

WOMAC consists of 24 total items divided among 3 
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TABLE 3 
WOMAC Osteoarthritis Index Scores for ACP and Placebo Groupsa 

WOMAC Baseline 1 Week 2 Weeks 2 Months 3 Months 6 Months 12 Months 

Overall 
ACP 47 (41-53) 35 (29-40) 22 (15-29)b 14 (5-23)b 10 (3-18)b 11 (3-20)b 10 (4-17)b 

t. from baseline, % 26"'' 53" 7(f' 78c 75c 7SC 
Placebo 46 (40-53) 38 (30-46) 36 (28-44) 31 (22-41) 37 (30-45) 44 (36-53) 43 (33-54) 

L'. from baseline, % 18 22 3ZC 20 4 7 
Pain 

ACP 10 (9-11) 7 (6-8) 4 (2-6l 3 (l-5)b 2 (l-4)h 3 (l-4i' 2 (l-4)b 
L'. from baseline, % 30" 59" 71" 79c 75c 76" 

Placebo 11 (10-12) 8 (6-10) 8 (6-9) 7 (5-9) 8 {-6-9) 9 (7-11) 9 (6-11) 
t. fi·om baseline, % 24'' 27 34'' 28c 13 19 

Stiffness 
ACP 4 (4-5) 3 (2-4) 2 (1-3)b 1 (1-2) 1 (0-2l 1 (0-2i' 1 (0-2l 

L'. from baseline, % 30" 55" 67' 76c 76c 77' 
Placebo 4 (4-5) 3 (2-4) 3 (2-4) 3 (2-3) 3 (2-4) 4 (3-5) 4 (3-5) 

L'. from baseline, % 27" 30" 43" 28c 9 6 
Physical function 

ACP 32 (27-37) 24 (21-28) 16 (10-21)b 9 (3-16)b 7 (2-12)b 8 (2-14)6 7 (3-ll)b 
t. from baseline, % 24" 51" 71" 78c 75c 7SC 

Placebo 31 (26-37) 27 (21-32) 25 (20-31) 22 (15-29) 27 (21-32) 31 (25-37} 30 (23-37) 
L'. from baseline, % 15 19 30" 15 0 3 

•values are reported as mean (95% Cl} unless otherwise indicated. ACP, autologous conditioned plasma; WOMAC, Western Ontario and 
McMaster Universities Osteoarthritis Index. 

hSigniflcant difference from placebo group. 
<Significant difference from baseline within each respective group. 

subscales: pain, stiffness, a nd physical function. The patient 
answers the questions and then receives a cumulative score 
in each of the 3 areas (pain, 0-20; stiffness, 0-8; physical 
function, 0-68). Higher scores are representative of greater 
pain and stiffness as well as worsened physkal capability. 

Statistical Analysis 

Statistical analysis was performed by use of SigmaPiot 
(v12.0; Systat Software Inc). Differences in WOMAC scores 
from baseline within each study group were assessed via 1-
way analysis of variance (AN' OVA) with a Tukey test for 
post hoc comparison. Differences between study groups 
were assessed with a l test. A post hoc power analysis 
was per-formed using G*Power (Universitat Diisseldorf).12 

RESULTS 

Safety 

Throughout the course of this study, 1 patient in the pla­
cebo group felt that the pain was worsening in the target 
leg, altihough the patient remained in the study. No reac­
tive effusions or acute postinjection pain flares were noted 
in eithe r the ACP or the placebo group. 

Efficacy 

No difference in pret reatment (baseline) WOMAC scores 
existed between the 2 groups (P = .952). The lower overall 

WOMAC scores for the ACP group were statistically diffel'­
ent than the WOMAC scores for the placebo group starting 
at 2 weeks (P = .016) and remained statistically different 
through the study duration (Figw·e 3 and Table 3). A sta tis­
tically significant decrease in WOMAC scores when com­
pared with baseline was seen in the ACP group starting 
at 1 week (P = .005), and the decrease remained statistically 
significant throughout the study duration. In fact, the 
results for WOMAC score improvement for the ACP group 
were statistically significant (P ~ .001) from 2 weeks until 
study completion at 12 months. All15 patie nts who received 
the ACP treatment had this improvement in WOMAC 
scores. The WOMAC s ubscales (pain, stiffness, physical 
function) are also noted in Table 3. Notably for the placebo 
gl'OUp, a statistically significant decrease in WOMAC score 
from baseline was seen at 2 months (P = .015), suggesting 
some placebo effect; however , this was the only time point 
that remained statistically significant with slight improve­
ment from baseline. A post hoc power analysis revealed 
that the sample size was 200% greater than the required 
sample size of 10 (5 for each variable), and the power was 
calculated as 1.0. The effect size achieved was 2.78, com­
pa.l'ed with the required effect size of 1.36. 

DISCUSSION 

The pl"imary objective of the cun ent study was to determine 
the safety of ACP, and the secondary objective was to deter­
mine the efficacy of ACP in patients with primary OA of the 
knee. The results confirmed the study hypothesis that no 
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.. 

*t - ~! *t ---·------. ---- --

• Placebo 
(saline) 

eACP 

0 +---------r--------,--------~--------,---------~--------r--------, 
Baseline 1 Week 2Weeks 2 Months 3 Months 6 Months. 12 Months 

Time 

Figure 3. Overall Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores versus time for the autolo­
gous conditioned plasma (ACP) and saline placebo treatment groups. *Significant difference from saline placebo (P < .OS); 
t significant d ifference from baseline within each respective group (P < .OS). 

differences were present for outcomes related to patient 
safety, while significant nmprovements related to efficacy 
between ACP and placebo groups were present throughout 
the study dw·ation. Starting at week 1 and continuing 
through the 12-month follow-up, the ACP group showed 
a statistically significant improvement in WOMAC scores 
compared with baseline, confirming efficacy that ACP injec­
tions relieve pain and stiffness for patients with knee OA. 

Similarly, the complete absence of adverse events asso­
ciated with the ACP inject ion indicates that the injection is 
safe for human treatment. All 15 patient s in the ACP 
group reported improvements in their WOMAC scores at 
12 months compared with baseline scores. Furthermore, 
the ACP group experienced improvements in all WOMAC 
subscales (pain, st iffness, physical function ) (Table 3). 

Certainly, the fact that all 15 patients in t he ACP cohort 
showed such significant clinical improvement is remarkable, 
but the outcomes were based on patient-reported WOMAC 
scores tf:o avoid investigator bias. Plus, the data actually 
showed a statisticalJy significant improvement from baseline 
for the placebo control group at one time point. This strongly 
suggests a positive placebo effect-a known phenomenon in 
scientific research-from the inj<..'Ctions themselves, indi­
rectly lending credence to the study method and the 
patient-focused outcome data collection, as the WOMAC 
scores were reported directly by the patients.1 Additionally, 
this stu.dy was subjected to strict monitoring and frequent 
auditing to ensure high scientific validity. Likewise, the strict 
inclusion criteria successfully narrowed the selection pool for 

participants, further enhancing the validi!ty of the study. 
Finally, all patients in this study were K-L grade 2 or 3, so 
their significant positive response to the ACP treatment 
would not relate to having "minimal" OA 

The study results are consistent with prior LP-PRP out­
come studies, as the ACP injections yielded significantly 
impl'Oved WOMAC score results without subjecting the 
patients to negative adverse reactions.5 ·

21
·
32

•
41

•
42

·
47 Poten­

tially, these results relate to the fact that the ACP system 
concentrates platelets while minimizing leukocytes, thus pro­
ducing LP-PRP.46 Sundman et al46 ran a cellular analysis of 
ACP, revealing that the single-spin ACP product decreases 
the concentration of leukocytes compared! with a double­
spin huffY coat preparation as well as compared with whole 
blood. Furthermore, because ACP is leukocyte-poor and the 
preparation process takes Jess than 20 minutes, there is no 
need to add an anticoagulant such as ACD-A.3 7 This results 
in the injection of a pw-e substance back into the joint space, 
which could account for the absence of adverse reactions dur­
ing the feasibility trial. 

Data from Cole et al6 are similar to the results of this 
study. These authors compared 3 weekly injections of ACP 
versus HA and analyzed synovial fluid via enzyme-linked 
immunosorbent assay (ELISA). The investigators found 
clinically significant improvements in both International 
Knee Documentation Committee (IKDC) and visual analog 
scale (VAS) scot·es after ACP treatment compared with 
I-lA treatment at both 6 months (IKDC P = .0248; VAS 
P = .0068) and 1 year (IKDC P = .0096; VAS P = .0039) after 
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injection. Their analysis of the synovial fluid suggests that 
treatment with the ACP system produces tumor necrosis 
factor-a levels that are lower than the associated levels 
after HA treatment at 6-month follow-up. 

Previous studies have shown that PRP injections are sate 
and can potentially reduce pain in the osteoarthritic 
knee.28

•
42

•
45 The majority of these studies have compared 

PRP versus viscosupplementation. Kon et al28 published the 
first such study in 2011, comparing LR-PRP to both low­
and high-molecular-weight HA injections in 3 groups, each 
consisting of 50 patients. These authors noted that the PRP 
groups showed better performance at 6-month follow-up 
than the HA groups. Sanchez et al4 1 found that plasma rich 
in growth fad;ors (PRGF), a form of LP-PRP, is more likely 
to decrease pain and stiffuess while improving functionality, 
based on WOMAC scores compared with HA Similarly, 
Vaquerizo et al49 determined that PRGF improves WOMAC 
scores significantly compared with HA at both 24 and 48 
weeks after injection. 

Cerza et al5 specifically evaluated ACP compared with 
HA for the treatment of knee OA. They found that ACP 
provides statistically better outcomes than treatment 
with HA, particularly in K-L grade 3 OA. As in the current 
study, tthe ACP cohort examined by Cerza et al had K-L 
grades of 2 or 3, as assessed radiographically, indicative 
of more advanced disease, and still had significant 
improvement. Also similar to the current study, the Cerza 
et al study made no mention of adverse effects of the ACP 
treatment within the clinical outcomes. 

Recently, Riboh et al35 conducted a meta-analysis of the 
effect of PRP leukocyte concentrations on the efficacy of OA 
treatment in the knee. Their study accumulated 6 random­
ized controlled trials (level 1 evidence) and 3 prospective 
comparative studies (level 2 evidence) and, through transi­
tivity, attempted to analyze the most effective PRP prepara­
tions for OA treatment. Their study concluded that there is 
sufficient evidence to suggest that LP-PRP has a more pro­
found effect on functional outcomes related to OA than does 
LR-PRP. Riboh et al cited a trend toward a better response 
with younger knee OA patients treated with PRP. In con­
trast, .in the current study, although the ACP patients on 
average were more than 7 years older than the patients 
receiving placebo, the ACP group demonstrated a remark­
able t reatment response, indicated by the WOMAC score 
improvement over the 1-year duration of the study. 

One potential limitation with the current study relates to 
the small sample size mandated by the FDA. However, these 
concerns were resolved by the statistically significant out­
comes for the ACP treatment group, in that all 15 patients 
had major improvement by an average of 78% from their 
baseline WOMAC score. Additionally, these concerns were 
alleviated after the post hoc power analysis proved adequate 
~llmplP. ~izl'. Anothl'r potP.ntilll limitAtion in thi~ ~tucly c'oulcl 
be the use of saline as a placebo control instead of HA or ste­
roids. The FDA, however, mandated saline placebo to create 
a realistic baseline for comparing the effects of ACP. Despite 
this requirement, it might be inferred that the use of saline 
would give an unfair advantage to ACP in terms of showing 
efficacy. In that regard, it is important to evaluate other tri­
als using saline placebo, particularly against HA 

ACP ls Safe and 1!-'Yfica.ciou.~ /'or Knee OA 7 

Specifically, Karlsson et al25 performed a study that showed 
no statistical differences between HA (Synvisc [Sanofi Aven­
tis] and Supartz [Smith & Nephew]) and saline placebo. In 
addition, the approval summary documentation from the 
FDA reveals that another HA supplement (Supartz) was 
approved after only a 0.68 difference in Lequense scores 
between the saline group and HA supplement group across 
their multicenter (5 sites) study.48 This stands in contrast 
to the wide difference seen in the current study, where the 
average total WOMAC score for the saline group started at 
46 and ended at 43 after· 12 months, compared with the 
ACP coho.rt, in which the total WOMAC score improved 
from 46 to 10 after a year. The amount of improvement of 
ACP versus saline placebo is therefore quite impressive in 
this study compared with other saline placebo-controlled 
OA studi.es, where the difference was much smaller. 

Administration of ACP improved WOMAC scores by 
78% from the baseUne scor·e versus only 7% for the placebo 
control group after 1 year. Furthermore, no adverse events 
for ACP treatment were reported. Therefore, the study 
conclusion is that ACP is safe and provides quantifiable 
benefits for pain relief and functional improvement with 
regard to knee OA. Other joints affected with OA may 
also benefit from this treatment. 
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