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Background: Autologous conditioned plasma (ACP) is a commercially available platelet concentrate with promising results from
clinical trials.

Purpose: To evaluate the clinical outcome after 3 consecutive injections of ACP in patients with knee osteoarthritis (OA) and study
the influence of ACP composition and different patient factors as predictors of treatment effect.

Study Design: Case series; Level of evidence, 4.

Methods: This prospective case series included 260 patients (307 knees) who received ACP treatment for knee OA. The mean
patient age was 51 ± 10 years. Improvement up to 12 months’ follow-up was measured using the Knee injury and Osteoarthritis
Outcome Score (KOOS). ACP composition was analyzed in 100 patients. The predictive value of age, sex, history of knee trauma,
Kellgren-Lawrence OA grade, body mass index, and ACP composition was evaluated using generalized estimating equations.

Results: The mean overall KOOS improved from 38 ± 14 at baseline to 45 ± 18 at 3 months, 45 ± 18 at 6 months, and 43 ± 18 at
12 months (all P < .05); 40% of patients achieved an improvement above the minimal clinically important difference (MCID) of
8 after 6 months and 33% after 12 months. The variation in ACP composition did not correlate with KOOS (P> .05). Older age led to
a greater clinical benefit (b ¼ 0.27; P ¼ .05), whereas bilateral treatment predicted worse outcomes (b ¼ –5.6; P < .05).

Conclusion: The improvement in KOOS after treatment with ACP did not reach the MCID in most study patients. Older age was a
predictor for better outcomes. The composition of ACP varied between patients but did not predict outcomes within the evaluated
range. The study findings show the limited benefit of ACP treatment for knee OA and call for caution with routine use in clinical
practice.
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Worldwide, knee osteoarthritis (OA) affects 5% of the popula-
tion.12 There is a need for knee-preserving treatments aimed
at reducing symptoms, regenerating the damaged tissues, or
at least restoring joint homeostasis and slowing OA progres-
sion. Platelet-rich plasma (PRP) is a concentrate of autolo-
gous platelets that has emerged as a treatment for OA
because of its high concentrations of growth factors and cyto-
kines.7,17,18 Although the first applications of PRP for knee
OA reached the clinic 2 decades ago, the efficacy of this treat-
ment is still the subject of debate. Randomized controlled
trials (RCTs) showed results varying from strong effects on
pain and symptoms29 to no beneficial effect compared with

viscosupplementation10 or placebo.4 The composition of PRP
differs between different preparation methods or manufac-
turers,7,17,18 and inter- and intrapatient variability exist
because of variation in the composition of whole blood.5 Autol-
ogous conditioned plasma (ACP; Arthrex), a commercially
available single-spin leucocyte-poor PRP, is widely used in
clinical practice for the treatment of knee OA, even though
it is often not reimbursed by insurance.8 In a previous case
series,16 injections with ACP did not lead to a clinically rele-
vant improvement in patient-reported outcome measures
(PROMs). To date, we know of no studies with large-scale
product composition assessments.

The purpose of this study was to evaluate the effect of ACP
for the treatment of knee OA in patients referred to a tertiary
center from data gathered using a prospective registry. We
hypothesized that patient characteristics such as age and
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body mass index (BMI), as well as higher platelet concentra-
tions in ACP aliquots, would predict better treatment out-
comes and could be used to optimize PRP treatment for OA.

METHODS

Study Design

This prospective case study included patients treated
with ACP at a single institution between March 2017
and April 2020. The study was conducted according to
the guidelines of the World Medical Association’s Decla-
ration of Helsinki, and we followed the Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines for reporting cohort studies.26 Ethics commit-
tee approval was received for the study protocol, and all
patients provided written informed consent for participa-
tion in the study. Patients included in the analysis of
ACP composition provided additional consent for analy-
sis of their material.

Participants

Patients who had symptomatic multicompartmental
knee OA in all radiographic stages were offered ACP
treatment free of charge. To select a representative
patient population for our clinic, we included all patients
who underwent ACP injections at our center and had at
least 12 months of follow-up data if they met the follow-
ing criteria: chronic symptomatic OA (>6 months), no
concomitant treatment (such as bracing, injections, or
surgical treatment; patients undergoing physical therapy
were not excluded), and sufficient understanding of the
Dutch language. Exclusion criteria were prior treatment
with ACP, <3 ACP injections received (this was part of
our study protocol), and inflammatory joint disease or
other generalized musculoskeletal pathologies affecting
the knee.

Data Collection

Age, sex, history of knee trauma (meniscus injury, anterior
cruciate ligament rupture, cartilage defect, tibia plateau
fracture), and BMI were collected from the electronic
patient database for all patients. No differentiation was
made between treated or untreated knee trauma. Data on

comorbidities were not collected in this knee registry,
except for inflammatory conditions that were a contraindi-
cation for participation.

Kellgren-Lawrence OA Grading

Weightbearing anterior-posterior knee radiographs
were taken of all patients before undergoing treatment.
Kellgren-Lawrence grades were determined by 3
reviewers (2 orthopaedic surgeons with over 10 years
of experience [N.v.E. R.J.H.C.] and 1 clinical
researcher [J.V.K]). If the difference in grades was 2
or more between 2 reviewers, consensus was reached in
a meeting. If 1 reviewer valued the Kellgren-Lawrence
either 1 grade lower or higher than the other 2 reviewers,
the value that was agreed on by 2 reviewers was used.
The interrater reliability was estimated by the intraclass
correlation coefficient using a 2-way mixed model with
absolute agreement. There was excellent agreement
between reviewers, with a Cronbach a of 0.93 (internal
consistency of 0.7-0.9 is considered good agreement, 0.6-
0.7 acceptable, and 0.5-0.6 poor).

ACP Administration

ACP was prepared according to the recommendations for
the Arthrex ACP double-syringe system: 15 mL autologous
peripheral blood was drawn and centrifuged at 360g for
5 minutes at room temperature (Hettich Centrifuge). This
resulted in a variable volume of ACP in the top layer that
was aspirated into the inner syringe of the double-syringe
system; the bottom layer with erythrocytes was discarded.
The ACP was immediately injected into the knee joint with
an aseptic technique using a superolateral approach with
the patient in the supine position without ultrasound guid-
ance. This technique has an accuracy of 91%.13 No platelet
activation was performed. Time between blood draw and
injection was a maximum of 30 minutes, during which the
product was kept at room temperature. Three intra-
articular injections were provided in the outpatient clinic
with a 1-week interval. Of 100 patients who provided addi-
tional consent for ACP analysis, approximately 200 mL
residual ACP of all 3 ACP products was stored for 2 to
3 hours at room temperature in an Eppendorf tube with
30 mL citrate to prevent clotting and used for composition
analysis. ACP composition was analyzed using a CELL-
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DYN Emerald hematology analyzer (Abbott BV). Platelet,
erythrocyte, and leucocyte concentrations were measured
in duplicate. The volume of injected ACP was documented
at each time of injection. Analyses of whole blood were not
performed; therefore, no platelet recovery rates could be
calculated. No rehabilitation protocol or immobilization
was advised, and patients were allowed to undergo physical
therapy of their preference. No active screening for unto-
ward effects was performed.

Patient-Reported Outcome Measures

PROMs were collected before treatment (baseline) and at 3,
6, and 12 months after treatment using an online survey
tool (OnlinePROMS; Interactive Studios). Questionnaires
included the Knee injury and Osteoarthritis Outcome Score
(KOOS), EuroQol 5 Dimensions 5 levels (EQ5D-5L), and
numeric rating scale for pain (NRS-pain) during activity
and in rest. Scores ranged from 0 (worst) to 100 (best) for
KOOS and EQ5D-5L and from 0 (best) to 10 (worst)
for NRS-pain. Patients filled in separate questionnaires for
bilateral treatment. For patients who underwent other
treatment before completing follow-up, the last values were
carried forward to address selective loss to follow-up.

Data Analysis and Statistics

Data were analyzed using Statistical Package for the Social
Sciences (SPSS) (Version 26.0.0.1; IBM). Baseline charac-
teristics were reported as means and standard deviations
or as number of patients and percentage of total. Outcomes
were reported as mean with 95% confidence interval. Miss-
ing data were not imputed except for patients who under-
went alternative treatment. With generalized estimating
equations (GEEs), all available data of all patients are
included in the model. P values <.05 were considered sta-
tistically significant.

The improvement in the mean score on the 5 KOOS sub-
scales of Pain, Symptoms, Activities of Daily Living, Sport
and Recreation, and Knee-related Quality of Life (KOOS5)
was assessed using GEEs with multiple measurements,
taking into account the possible correlation of bilaterally
treated patients. Change in KOOS5 was compared with the
minimal clinically important difference (MCID) for KOOS.
The authors of the KOOS recommend using a score of 8 for
the MCID, and the MCID for the different subscores ranged
between 8.2 and 12.5 in a PRP cohort study.6,22 For NRS-
pain, the scores for pain in rest and activity were analyzed
separately.

The independent predictive values of sex, history of knee
trauma (meniscus injury, anterior cruciate ligament rup-
ture, cartilage defect, tibial plateau fracture), Kellgren-
Lawrence grade, BMI, and composition of ACP for KOOS
were analyzed using GEEs, correcting for follow-up dura-
tion and age as fixed effects. A linear model with an
unstructured correlation matrix and identity link function
was used. Significant predictive value was defined as
P < .05 for the variable. The factors were assessed as main
effects. Collinearity was assessed using a correlation
matrix and linearity with a scatterplot. For the Kellgren-

Lawrence grade, repeated contrast coding was used to com-
pare grade 0 to grade 1, grade 1 to grade 2, and so on. To
assess the influence of loss to follow-up, characteristics
of patients who completed the 12-month survey were com-
pared with patients who did not complete the follow-up.
Intrapatient correlations among ACP compositions were
assessed using the Pearson correlations.

RESULTS

Baseline Characteristics and ACP Composition

Overall, 260 patients (307 knees) were included in the anal-
ysis. An overview of patient inclusion can be found in Fig-
ure 1. In 80 knees, ACP injections were administered with
an interval of more than 1 week because of scheduling
issues. Baseline characteristics of the study patients are
shown in Table 1. Baseline patient characteristics were
complete except for BMI (24% missing). A total of 17 knees
underwent alternative treatment before completing the
follow-up of 12 months. Alternative treatments were knee
joint distraction (6 knees), ligament surgery (1 knee),
removal of a loose body (1 knee), genicular nerve block
(1 knee), treatment at another clinic (2 knees), knee brace
(1 knee), total knee replacement (2 knees), new series of
ACP (2 knees), and a program provided by rehabilitation
medicine (1 knee). Response rates for the PROMs were 89%
at baseline, 88% at 3 months, 80% at 6 months, and 74% at
12 months.

The mean injected ACP volume and platelet concentra-
tion, leucocyte concentration, erythrocyte concentration,
and mean platelet volume (MPV) were variable among
patients (Figure 2). Based on the estimated population
platelet concentration in whole blood,5 the estimated

Figure 1. Flowchart of patient inclusion. aThe patient with a
cartilage defect was excluded, as this was a traumatic defect
with no degenerative disease involved.
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concentration was 2 to 3 times, with a platelet recovery of
70%. Platelet concentration, leucocyte concentration,
erythrocyte concentration, and MPV of the 3 consecutive
injections that patients received were not significantly cor-
related, although intrapatient variation was smaller than
interpatient variation. For example, the mean of the stan-
dard deviations of the platelet concentration of 3 injections
in 1 patient was 162, whereas the standard deviation
between all measurements in the population was 215.
Injected volumes of the consecutive injections were corre-
lated with a mean Pearson correlation of 0.6. Characteriza-
tion of the ACP according to Kon et al15 can be found in
Appendix Tables A1 and A2.

Effectiveness of ACP

The KOOS5 improved significantly from baseline to all time
points (P < .05). The improvements were comparable in all
subscales (Table 2 and Figure 3). Of the available data, an
improvement above the MCID was achieved in 45% of
patients at 3 months, 40% of patients at 6 months, and
33% of patients at 12 months. The change in KOOS from
baseline was normally distributed around the mean
improvement.

The patients who did not complete the 12-month follow-
up (for a reason other than they received alternative

treatment) did not deviate from the available KOOS5

scores. These patients did have a BMI of 1.6 points higher
than the patients who completed follow-up (P ¼ .03), but
the other baseline characteristics were similar between the
groups. NRS-pain in rest and in activity improved from
baseline to all time points (P < .05). EQ5D-5L did not
change significantly.

Among the evaluated factors, older patients had
increased improvement, as expressed by a coefficient of
0.27 (95% CI, 0.01-0.54), and an increase of 1 year in age
predicted a 0.27-point improvement in KOOS between each
assessment (ie, baseline versus 3 months, 3 versus
6 months, 6 versus 12 months). Lack of history of knee
trauma, lower injected volume, and lower BMI were signif-
icant predictors in the univariate analysis, but they were
correlated with age and lost significance after correction for
age in the multifactorial model. Bilateral treatment was a
predictor for poorer clinical outcome (coefficient, –5.6; 95%
CI, –11 to 0.2; P ¼ .04). Patients with Kellgren-Lawrence
grade 1 responded worse to treatment than patients with
Kellgren-Lawrence grade 0 who had magnetic resonance
imaging or surgical evidence of OA (coefficient, –11.6;
95% CI, –21.0 to –2.2; P ¼ .02). No other factors signifi-
cantly predicted outcomes in this series (Table 3).

Of all included patients, 50 patients (60 knees) returned
for a second series of 3 ACP injections. At baseline, there
were no differences between patients who returned for a
second series and those who did not return. At 6 months,
patients who later underwent a second series of ACP had a
DKOOS5 of 12 (95% CI, 7-18), whereas other patients had a
DKOOS5 of 6 (95% CI, 4-8). At 12 months, patients who
later returned for a second series of ACP had a DKOOS5

of 7 (95% CI, 2-10), and other patients had a DKOOS5 of 4
(95% CI, 2-7). None of the patients developed a joint infec-
tion after injection. Other adverse effects were not actively
registered.

DISCUSSION

In most patients in this study, intra-articular injections
with ACP did not result in an improvement of KOOS above
the MCID. The limited number of patients who reported a
clinically relevant improvement in the current study (33%
at 1 year) is also illustrated by the small number of patients
who returned for a second series of treatment (50 patients
[60 knees]). The ACP composition varied between patients,
but this variation did not predict clinical outcomes. Older
age and unilateral treatment predicted better outcomes of
ACP treatment for knee OA and could be used to improve
treatment indications and outcomes.

The low clinical benefit of ACP injections for the treatment
of knee OA is in agreement with our previous report16 and a
recently published RCT comparing PRP with placebo injec-
tions.4 Both studies used a low concentration of platelets,
with the platelet dosage administered being within the low
range of blood-derived treatments considered within PRP
products in the field. While it is possible that higher doses
could lead to different outcomes, a wide range of results has
been reported also by previous reports on the same product.

TABLE 1
Baseline Characteristics of the Included Patients (N ¼ 260

Patients, 307 Knees)a

Characteristic Value

Age, y 51 ± 10
Female sex 183 (59)
BMI,b kg/m2 29 ± 5
History of knee trauma 132 (43)
KOOS5 37 ± 13
KOOS subscales

Sport and Recreation 13 ± 16
Pain 43 ± 16
Symptoms 51 ± 18
Activities of Daily Living 52 ± 18
Knee-related Quality of Life 24 ± 15

NRS, pain at rest 5.0 ± 2.3
NRS, pain during activity 7.1 ± 1.8
EQ5D-5L 65 ± 19
ACP treatment in contralateral knee 94 (31)
Kellgren-Lawrence grade

0c 9 (2.9)
1 59 (19)
2 107 (35)
3 96 (31)
4 36 (12)

aData are presented as mean ± SD or number (%). ACP, autol-
ogous conditioned plasma; BMI, body mass index; EQ5D-5L, Euro-
Qol 5 Dimensions 5 levels; KOOS, Knee injury and Osteoarthritis
Outcome Score; KOOS5, the average score on the 5 KOOS sub-
scales; NRS, numeric rating scale.

bBMI missing for 74 knees (24%).
cThese patients had magnetic resonance imaging or arthrosco-

pically diagnosed osteoarthritis.
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ACP was previously investigated by other authors for the
treatment of knee OA, with heterogeneous findings. Using
the same evaluation tool, Cerza et al9 and Smith24 reported
highly satisfactory results at 6 months, with a total Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score improvement of 43 in 60 patients (67 years
old) and 36 points in 15 patients (54 years old), respectively,
while recently, Sun et al25 documented with the same tool at
the same follow-up a much lower score improvement of 15
points in 38 patients (58 years old) treated with ACP for knee
OA. In this light, the larger series documented in our study
adds important information to the debate on ACP effective-
ness. The low percentage of patients reaching an MCID war-
rants caution in offering this treatment solution to patients,
who should be aware of the results and have proper expecta-
tions. In addition, the wide range of results in the literature
in different settings with different patient populations could
be explained by various factors that should be identified to
aim at understanding the real potential and indications for
this biological treatment approach.

This study aimed to improve treatment indications and
clinical outcomes after ACP treatment by identifying
patient or ACP factors that predict better outcomes.
Although patients without radiographic OA (Kellgren-
Lawrence grade 0) had higher improvements, the small
numbers of patients with Kellgren-Lawrence grade 0 limit
the generalizability of our findings. None of the other
Kellgren-Lawrence grades predicted outcomes, like in a
recent large RCT.4 BMI was not predictive of worse out-
comes. However, the BMI of patients who did not fill in the
12-month surveys was higher at baseline than the BMI of
the other patients, suggesting selective loss to follow-up. In
our cohort, older age and unilateral treatment predicted
better outcomes. Function is worse in patients with bilat-
eral complaints27 and influences PROMs.21 Age is a contro-
versial factor; patient age did not affect outcomes in a
retrospective cohort study focused on identifying predictors
of effectiveness of PRP therapy for knee OA,23 while other
authors showed that older age increased the odds for treat-
ment failure.1 However, the mean patient age in these stud-
ies was 60 to 70 years, whereas the mean age in our cohort
was 51 years. Thus, based on these and our findings, opti-
mal patient age could lie between 50 and 70 years. The age
of the patients representing our cohort is relatively young
compared with other cohorts and might be attributed to the
fact that the patients were included in a tertiary referral
center. The high incidence of posttraumatic OA and low
subscales for sports and recreation could indicate that our
patient population was previously active and experienced
major limitations in sports activities. While most of the
literature reported good results in older patients (mean
age, 49-65 years),11 poorer results have been reported for
younger (mean age, 41 years) and active patients seeking a
return to sport,2 with a more disappointing outcome in line
with the findings of this study. Active patients affected by

Figure 2. Mean and distribution of ACP characteristics in 100 patients. MPV, mean platelet volume.

TABLE 2
Outcomes After ACP Injectionsa

Characteristic Baseline 3 Months 6 Months 12 Months

KOOS5 38 (36-40) 45 (42-48) 45 (42-48) 43 (40-45)
NRS-pain in

rest
5.0 (4.7-5.3) 3.9 (3.5-4.3) 3.8 (3.5-4.2) 4.0 (3.6-4.4)

NRS-pain in
activity

7.0 (6.8-7.3) 6.1 (5.7-6.4) 6.2 (5.9-6.5) 6.2 (5.9-6.6)

EQ5D-5L 66 (64-69) 66 (64-69) 67 (65-70) 67 (64-70)

aData are presented as mean (95% CI). EQ5D-5L, EuroQol 5
Dimensions 5 levels; KOOS, Knee injury and Osteoarthritis Out-
come Score; KOOS5, the average score on the 5 KOOS subscales;
NRS, numeric rating scale.
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knee OA have less satisfactory results since only half can
achieve the same sport level as before the onset of symp-
toms,2 and they should be made aware of their low chances

of benefit from this treatment. The activities that patients
wish to perform should be considered in future studies.
Similar to our findings, in an RCT of PRP treatment in a
sports clinic, patients around 50 years of age with around a
50% incidence of posttraumatic OA were included,19 and
comparable improvements were reported in the PRP arm
of the study. In the current study, BMI, history of knee
trauma, and volume of injected ACP were significant inde-
pendent predictors but correlated with age and lost signif-
icance after correction for age. Interestingly, older age
correlated with a higher yield in ACP volume. Although it
is known that platelet numbers decline with aging,14 the
relation between ACP volume and age is unclear. These
results suggest that age is the most important factor for
predicting outcomes after ACP treatment in clinical
practice.

When assessing the correlation of ACP composition to
treatment outcomes, we found that, similar to earlier
reports,15,28 platelet concentration did not correlate with
treatment outcomes. The naturally occurring variation in
ACP composition did not predict clinical outcomes. The
MPV correlates to the content of platelets,15 and thus, there
could be an effect of MPV on clinical outcomes. However,
the small variations in MPV did not predict outcomes in our
study. In a study by Bansal et al,3 injection of a single dose
of 10 billion platelets resulted in reasonable improvements
in the WOMAC score. The absolute number of platelets per
injection was on average 4 times lower in our study. Plate-
let numbers in ACP could be too low, and these results
might favor administration of a single high dose of platelets

Figure 3. (A) Mean Knee injury and Osteoarthritis Outcome Score (KOOS) values at baseline and after autologous conditioned
plasma treatment. Error bars indicate 95% CIs. (B, C) Distribution in the study population of the change in KOOS5 at (B) 6 months
and (C) 12 months after treatment. ADL, Activities of Daily Living; DKOOS5, the change in average score on the 5 KOOS subscales;
QOL, Knee-related Quality of Life.

TABLE 3
Analysis of Patient and ACP Factors in the Prediction of

KOOS5 Using a Generalized Estimating Equations Modela

Factor Coefficient (95% CI) P

History of knee trauma 0.0 (–8.5 to 8.5) >.99
Male sex 5.1 (–9.4 to 20) .49
Bilateral treatment –5.6 (–11 to –0.2) .04
Kellgren-Lawrence gradeb

1 (vs 0) –11.6 (–21.0 to –2.2) .02
2 (vs 1) –5.2 (–12.1 to 1.7) .14
3 (vs 2) 0.0 (–8.7 to 8.7) >.99
4 (vs 3) –0.5 (–6.6 to 5.6) .87

BMI 0.1 (–0.3 to 0.6) .56
Mean platelet concentration, �109/L 0.0 (0.0 to 0.0) .79
Mean leucocyte concentration, �109/

L
–0.7 (–1.7 to 0.3) .17

Mean erythrocyte concentration,
�109/L

–236.5 (–427 to 1.1) .06

Mean injected volume, mL –3.8 (–8.2 to 0.5) .09
Mean platelet volume, fL –3.7 (–7.8 to 0.3) .08

aCorrected for age and months after treatment. Boldface P
values indicate statistical significance (P < .05). BMI, body mass
index.

bEach Kellgren-Lawrence grade was compared with the grade
just before it using repeated-contrast coding.
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instead of 3 injections with lower concentrations. As long as
no direct dosing studies are performed, firm conclusions on
optimal composition cannot be drawn due to the heteroge-
neity in the studied products and patient populations. Dos-
ing studies on platelet concentration, leucocyte
concentration, and MPV could lead to a more bioactive
PRP, but large patient numbers would need to be enrolled
in such studies to sort out all of the contributing factors.

In a study by Zahir et al,28 an in vitro inflammatory
coculture model was established to predict which patients
benefit more from treatment, as BMI, age, sex, and platelet
concentration did not predict outcomes. Patients who did
not respond well to PRP treatment also lacked the inhibi-
tion of proinflammatory cytokine tumor necrosis factor–a in
the in vitro model. Thus, certain factors in PRP resulted in
differences in bioactivity among patients, but at this time,
it is unclear which factors are responsible. Identifying these
factors could improve patient selection or development of a
synthetic or an allogeneic PRP with a higher bioactivity.

Limitations

This study is not without limitations. This was a noncon-
trolled study; therefore, the size of a placebo effect in the cur-
rent study is unclear. The placebo effect is likely considerable,
as injections with saline lead to an improvement exceeding
the MCID in half of the patients,20 similar to our findings with
ACP injections. Furthermore, this study does not compare
with other alternatives such as steroid and hyaluronic acid,
as these are not provided routinely in our clinic. Moreover, the
effect of regression to the mean in this study is unclear but
likely considerable due to the characteristics of the study
group. In addition, patients were to undergo ACP treatment
using broad inclusion criteria. Therefore, this study contains
OA in all grades and etiologies. Last, we did not control for
intake of analgesics or physical therapy. However, this study
shows the results of ACP treatment in a real-world setting,
and the large number of patients evaluated in this series and
broad inclusion and exclusion criteria are strengths for
generalizability of the findings. Furthermore, the large
number of patients allowed us to identify factors that
predict better outcomes and could optimize patient selection.
However, we did not gather data on comorbidities, smoking
status, and so on. Adding these factors to the registry could
lead to important insights. Another limitation of this study is
that we did not analyze whole-blood samples, and we cannot
relate the ACP composition with these values. Therefore, we
do not have any information of the variations in the ACP
preparation process between patients or injections. The
analysis of the predictive value for ACP composition is a
strength of this study.

CONCLUSION

Intra-articular injections with ACP do not lead to a clini-
cally relevant improvement in most patients with knee OA,
and therefore, ACP should not be used as a routine treat-
ment in the clinical setting. Instead, patients who might
benefit more from treatment should be selected. This study

identified older age as an important predictor for a better
outcome. As the patients in the current cohort were
relatively young, the optimal age for ACP treatment might
lie between 50 and 70 years. Other predicting patient fac-
tors should be identified. The naturally occurring variation
in blood derivatives composition did not predict clinical out-
comes in this series treated with ACP, and optimizing the
composition of PRP products should be the focus in follow-
up research, preferably using well-designed dosing studies.
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APPENDIX

TABLE A1
Characterization of the ACP According to Kon et al15a

Number Characteristic Digit of ACP

Number 1 (N1) Basal platelet concentration in blood Not measured
Number 2 (N2) Platelet concentration in PRP 4 (400,000-500,000)
Number 3 (N3) Red blood cells in PRP 1 (>1 � 106)
Number 4 (N4) White blood cells in PRP 0 (less than baseline)
Number 5 (N5) External activation 0 (endogenous activation)
Number 6 (N6) Calcium addition 0 (no)

aPRP, platelet-rich plasma.

TABLE A2
Summary of characteristics for in vitro PRP studies according to Kon et al15a

1. PRP preparation
Initial blood volume 15 mL
Anticoagulant None
System Close
Centrifugation Single centrifugation at 360g for 5 min
Final PRP volume 4.2 ± 0.72 mL (also see Figure 2)

2. PRP characteristics
PRP type (N1 N2 – N3 N4 – N5 N6) Not measured: 4 – 10 – 00
MPV 7.5 fL
Red blood cells 0.06 � 109/L
White blood cells 1.9 � 109/L
Neutrophils Not measured
Lymphocytes 48%
Monocytes Not measured
Eosinophils Not measured
Basophils 10%

Activation None

(continued)
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Table A2 (continued)
Middle-sized cellsb 7%

3. Application characteristics

Formulation type Liquid
Administration route Superolateral injection without image guidance
Dosage 3 injections with 1-week intervals
Volume 4.2 ± 0.72 mL (also see Figure 2)
Tissue Knee
Pathology Osteoarthritis

aMPV, mean platelet volume; PRP, platelet-rich plasma.
bLeucocytes not classified as lymphocytes or granulocytes.
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