Maeda H, Maeda T, Maeda M. Preliminary One-Year Observational Outcomes After GPS
Leukocyte-Rich Platelet-Rich Plasma Injection for Kellgren-Lawrence Grade Il and 11l
Knee Osteoarthritis: A Japanese Real-World Case Series. Orthopedic Reviews. 2026;18.
doi:10.52965/001¢.169123. PMID:42787870

General

Preliminary One-Year Observational Outcomes After GPS
Leukocyte-Rich Platelet-Rich Plasma Injection for Kellgren-
Lawrence Grade II and III Knee Osteoarthritis: A Japanese Real-

World Case Series
Hiroyuki Maeda'®?, Takahiro Maeda', Mutsuhiro Maeda'

TYamamoto & Maeda Memorial Maeda Hospital, Department of Orthopaedics and Anesthesia, Tokyo, Japan

Keywords: knee osteoarthritis, platelet-rich plasma, GPS, leukocyte-rich platelet-rich plasma, real-world evidence, case series, Kellgren-Lawrence
grade

https://doi.org/10.52965/001¢.169123

Orthopedic Reviews
Vol. 18, 2026

Background

Platelet-rich plasma (PRP) is used as an orthobiologic injection therapy for knee
osteoarthritis (OA), but reported outcomes vary according to PRP formulation, injection
protocol, comparator, and patient selection. Real-world data describing the Zimmer
Biomet GPS leukocyte-rich PRP system in Japanese clinical practice remain limited.

Purpose

To describe 1-year patient-reported outcomes after a single intra-articular GPS
leukocyte-rich PRP injection in patients with Kellgren-Lawrence (KL) grade II or III knee
OA.

Methods

This retrospective single-center case series included patients with symptomatic
Kellgren-Lawrence (KL) grade II or III knee osteoarthritis (OA) who underwent GPS
leukocyte-rich platelet-rich plasma (PRP) injection. During the study period, 20 patients/
knees received an initial GPS L-PRP injection; 5 could not be followed at 1 year and were
excluded from the paired 1-year analysis. The final analysis included 15 knees with paired
baseline and 1-year numeric rating scale (NRS) pain data. Radiography and magnetic
resonance imaging were used to support baseline diagnosis and eligibility; MRI was not
analyzed as a longitudinal structural outcome. The primary outcome was change in NRS
pain. Secondary outcomes included Knee injury and Osteoarthritis Outcome Score
(KOO0S), Locomo-25, responder status, and adverse events.

Results

Of 20 patients/knees treated with an initial GPS L-PRP injection, 5 were lost to 1-year
follow-up or had unavailable 1-year outcome data; 15 knees from 5 male and 10 female
patients were included in the final paired analysis. NRS pain improved from 4.6 + 2.4 at
baseline to 2.7 * 2.1 at 1 year (mean change, -1.9 points; 95% CI, -3.4 to -0.4; P = 0.015).
KOOS quality of life improved from 30.0 = 17.1 to 45.4 + 23.8 (mean change, 15.4 points;
95% CI, 4.8 to 26.0; P = 0.010). Other KOOS domains and Locomo-25 showed numerical
improvement but did not reach statistical significance. A >30% NRS pain reduction
occurred in 7 of 15 knees (46.7%), and pain worsened in 2 of 15 knees (13.3%).

Conclusions

In this small uncontrolled retrospective case series, GPS leukocyte-rich PRP injection was
associated with improved NRS pain and KOOS quality of life at 1 year. These findings
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should be interpreted as preliminary observational associations and cannot establish
treatment efficacy or safety. Larger prospective controlled studies with standardized PRP

characterization are needed.

BACKGROUND

Knee osteoarthritis (OA) is a common cause of pain and
mobility limitation in older adults.! In Japan, knee OA is
closely related to locomotive dysfunction and the risk of
reduced independence in an aging society.2 Nonoperative
care commonly includes education, exercise therapy and
rehabilitation, weight management, analgesic or anti-in-
flammatory medication, orthoses, and intra-articular injec-
tions.3 Total knee arthroplasty may be considered when
symptoms remain severe, but surgery may not be feasible or
acceptable for all older patients because of comorbidities,
perioperative risk, or personal preference.4

Platelet-rich plasma (PRP) has been investigated as a
nonoperative orthobiologic injection therapy for knee
OA.5"7 Systematic reviews have suggested that PRP may
improve pain and function in selected patients,8-10 whereas
high-quality placebo-controlled trials such as RESTORE
have reported no clinically important advantage over
placebo for pain or cartilage volume.!! This conflicting lit-
erature emphasizes that uncontrolled studies should be in-
terpreted cautiously and should avoid causal claims.!2

GPS III is a leukocyte-rich PRP separation and extraction
system. According to manufacturer information, the GPS III
STD kit uses 52 mL of autologous blood with 8 mL of ACD-
A solution and yields approximately 6 mL of L-PRP after
centrifugation at 3200 rpm for 15 minutes.!3 However, PRP
is an autologous biologic product, and patient-specific cel-
lular composition can vary. Manufacturer specifications do
not substitute for measurement of the actual injected prod-
uct. 14,15

The purpose of this study was to describe 1-year patient-
reported outcomes after a single GPS leukocyte-rich PRP
injection in a small real-world cohort of patients with KL
grade II or III knee OA. The study was designed as a pre-
liminary descriptive case series, not as a controlled efficacy
trial.

METHODS

STUDY DESIGN, ETHICS, AND REPORTING

This was a retrospective single-center observational case
series. The study was approved by the Maeda Hospital
Ethics Committee (approval No. P-1) and was conducted
in accordance with the principles of the Declaration of
Helsinki. The questionnaire and study-related assessments
were explained orally to all participants, and oral informed
consent was obtained according to the protocol approved
by the ethics committee. The requirement for written in-
formed consent was waived by the ethics committee. This
report follows observational reporting principles and is in-
tended to provide preliminary descriptive data.

PARTICIPANTS AND ELIGIBILITY

Patients with symptomatic knee OA were evaluated using
plain radiography and MRI. Patients were eligible for the fi-
nal paired analysis if they had KL grade II or III knee OA
and paired baseline and 1-year NRS pain data after a single
GPS leukocyte-rich PRP injection. MRI was used to support
baseline diagnosis and to exclude other clinically relevant
pathology when indicated; MRI was not used as a longitu-
dinal structural outcome and no standardized MRI scoring
system was applied.

During the study period, 20 patients/knees underwent
an initial GPS leukocyte-rich PRP injection for KL grade II
or IIT knee OA. Five patients/knees could not be followed at
1 year or had unavailable 1-year outcome data and were ex-
cluded from the paired analysis. The final analytic cohort
therefore included 15 knees with paired baseline and 1-year
NRS pain data. Outcome-specific denominators are re-
ported throughout the manuscript (Figure 1).

INTERVENTION

GPS leukocyte-rich PRP was prepared in the hospital using
the Zimmer Biomet GPS III system. The manufacturer’s
GPS III STD protocol uses 52 mL of peripheral venous blood
and 8 mL of ACD-A solution to obtain approximately 6 mL
of L-PRP after centrifugation at 3200 rpm for 15 minutes.13
The final L-PRP was injected intra-articularly into the af-
fected knee under sterile clinical conditions.

The treatment evaluated in this report was a single ini-
tial injection. This reflected routine institutional practice
for the cases included in this retrospective dataset. Patient-
specific platelet counts, leukocyte counts, erythrocyte con-
tamination, platelet dose, and final cellular composition of
the injected product were not measured. Use of image guid-
ance, medication restrictions, rehabilitation protocol, and
concomitant conservative treatments were not sufficiently
standardized or consistently documented for formal analy-
sis.

OUTCOME MEASURES

The primary outcome was change in NRS pain score from
baseline to 1 year. Secondary outcomes included KOOS sub-
scales scored on a 0-100 scale, where higher scores indicate
better knee-related status, and Locomo-25. Adverse events
were extracted from clinical records and questionnaires.
Patient satisfaction data were not used as a primary or ef-
ficacy-supporting endpoint in the revised analysis because
the original available satisfaction summary was percent-
age-based and did not contain patient-level raw counts that
could be reconciled with the analytic denominator.
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Table 1. Baseline characteristics

Characteristic Value
Analyzed knees, n 15
Age, years, mean + SD 70.7+14.6
Male/female, n 5/10
KL gradell,n 9
KL grade lll,n &)
BMI, symptom duration, alignment, Not .

. . systematically
compartment involvement, previous . R
L . available in the
injections/surgery, analgesic use, .

e retrospective
comorbidities
dataset

Table 2. Sex-specific KL grade distribution

Sex KL grade Il KL grade ll1 Total

Male 2 3 5

Female 7 3 10

Total 9 6 15
STATISTICAL ANALYSIS

Continuous variables are reported as mean * standard de-
viation. Paired changes are reported with mean differences
and 95% confidence intervals. Because of the small sample
size, Wilcoxon signed-rank tests were used for paired com-
parisons. Standardized paired effect size (mean paired
change divided by standard deviation of the paired change)
was calculated descriptively. Responder analysis was ex-
ploratory and defined as >30% and >50% reduction in NRS
pain. No formal power calculation was performed because
this was a retrospective exploratory case series.

RESULTS

PARTICIPANTS

During the study period, 20 patients/knees underwent an
initial GPS leukocyte-rich PRP injection. Five patients/
knees were lost to 1-year follow-up or had unavailable
1-year outcome data, leaving 15 knees for the final paired
analysis. The analyzed cohort consisted of 5 male and 10 fe-
male patients. Among male patients, 2 had KL grade II and
3 had grade III disease; among female patients, 7 had KL
grade II and 3 had grade III disease. Baseline demographic
data available for analysis were limited to age, sex, and KL
grade (Tables 1 and 2).

CLINICAL OUTCOMES

NRS pain improved from 4.6 * 2.4 at baseline to 2.7 £ 2.1
at 1 year (mean change, -1.9 points; 95% CI, -3.4 to -0.4; P
= 0.015). KOOS quality of life improved from 30.0 + 17.1 to
45.4 £ 23.8 (mean change, 15.4 points; 95% CI, 4.8 to 26.0;
P = 0.010). KOOS pain, symptoms, activities of daily liv-

Revised Study Flow

Patients/knees treated with
initial GPS L-PRP injection
(n =20)

l

Lost to 1-year follow-up /
1-year outcome data unavailable
(n=5)

|

Included in final 1-year
paired analysis
(n = 15)

e

NRS pain KOOS Locomo-25
analysis analysis analysis
(n =15) (n =15) (n=12)

Figure 1. Revised study flow diagram. During the study
period, 20 patients/knees underwent an initial GPS L-
PRP injection. Five were lost to 1-year follow-up or had
unavailable 1-year outcome data, leaving 15 knees for
final paired analysis. Outcome-specific denominators
are shown.

ing, Sport/Rec, and Locomo-25 showed numerical improve-
ment but did not reach statistical significance. These find-
ings should be interpreted descriptively because the study
was uncontrolled and underpowered (Table 3; Figures 2 and
3).

RESPONDER ANALYSIS AND ADVERSE EVENTS

A >30% NRS pain reduction occurred in 7 of 15 knees
(46.7%), and a >50% reduction occurred in 6 of 15 knees
(40.0%). Pain worsened in 2 of 15 knees (13.3%). Injection-
site pain was recorded in 3 knees. No serious adverse events
were observed in this small cohort. These safety findings
should not be interpreted as establishing the safety profile
of GPS L-PRP (Table 4; Figure 4).

DISCUSSION

The main finding of this revised analysis is that, in a small
retrospective uncontrolled cohort, GPS leukocyte-rich PRP
injection was associated with lower NRS pain scores and
higher KOOS quality-of-life scores at 1 year. The findings
should be interpreted as preliminary observational associ-
ations. The present design cannot determine whether the
observed changes were caused by GPS L-PRP itself.

The most important limitation is the absence of a con-
trol group. Symptom fluctuation, regression to the mean,
placebo response, patient expectations, activity changes,
analgesic use, rehabilitation, and concomitant conservative
treatments may all have contributed to the observed
changes. This issue is particularly relevant for self-funded
regenerative medicine, where patient expectations may in-
fluence subjective outcomes.

The observed NRS change of -1.9 points may be clini-
cally relevant for some patients, but the 95% confidence in-
terval was wide, reflecting substantial uncertainty. KOOS
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Outcome n Baseline mean + 1-year mean + Mean change Wilcoxon Paired effect
SD SD (95% Cl) P size

NRS pain

15 46+24 27+21 -1.9(-3.4t0-0.4) 0.015 -0.69
score
KOOS Pain 15 62.0+120 68.7 £20.6 6.7 (-3.2t0 16.5) 0.073 0.37
KOOS 15 68.8+12.0 72.4+20.1 3.5(-6.0t0 13.1) 0.469 0.20
Symptoms
KOOS ADL 15 748 +15.6 77.3+20.2 25(-6.5t011.5) 0.443 0.15
KOOS Sport/ 15 | 3132207 40.7+35.9 9.3(-6.2t024.9) 0.161 0.33
KOOS QOL 15 300+17.1 454+23.8 15.4(4.8t026.0) 0.010 0.80
Locomo-25 12 584+17.3 51.5+17.7 -6.9(-15.1t0 1.3) 0.124 -0.54

GPS L-PRP: NRS pain from baseline to 1 year
Wilcoxon P=0.015

Table 4. Exploratory responder and adverse event
summary

>=30% NRS >=50% NRS Pain worsened

101 e
Outcome Count/' Percentage
denominator
8- .
—_ >209 H
s | . 230% NRS pain 7/15 46.7%
2 reduction
[ N 50% NRS pai
= . >
g . : - 00976 AR>S pain 6/15 40.0%
2 e ——— - reduction
T 44 e— - —e -
by \2 Pain worsened 2/15 13.3%
4 —
., — - — . Injection-site pain 3/15 20.0%
— ° Serious adverse 0/15 0%
ol o events observed
Baséline 1 ylear
Figure 2. Paired change in NRS pain score from
baseline to 1 year. The thick line indicates the cohort - GPS L-PRP: NRS responder analysis at 1 year
mean. Wilcoxon signed-rank test, P = 0.015.
80
KOOS domain scores with standard deviation
120 " X 60
= 6.7%
= (7/15) 40.0%
100 L (6/15)
3 S 401
s 13.3%
£ 201 (2/15)

Pain Symptoms

Sport/Rec

Figure 3. KOOS domain scores at baseline and 1 year.
Bars show mean values and error bars show standard
deviations. Scores are presented on a 0-100 scale;
higher scores indicate better status.

quality of life improved, whereas other KOOS domains and
Locomo-25 did not show statistically significant changes.
This pattern suggests heterogeneity in response and re-

reduction reduction
Figure 4. Exploratory responder analysis based on
percentage reduction in NRS pain score at 1 year.

inforces the need for cautious interpretation rather than
broad efficacy claims.

PRP research is complicated by heterogeneity in product
composition and treatment protocol. Although the GPS III
manufacturer’s preparation protocol was described, pa-
tient-specific cellular characterization was not performed.
Therefore, the actual platelet concentration, leukocyte con-
centration, erythrocyte contamination, platelet dose, and
final biologic composition of the injected product remain
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unknown. This limits reproducibility and comparison with
other PRP studies.!415

The study focused on KL grade II and III OA because
these grades represent early-to-moderate radiographic dis-
ease in which nonoperative biologic treatments are often
considered before end-stage arthroplasty. However, the
sample included only 9 KL grade II and 6 KL grade III knees,
which does not permit meaningful analysis of response by
radiographic severity. KL grade IV patients were not evalu-
ated, and the results should not be generalized to end-stage
OA.

MRI was used only as part of baseline clinical evaluation
and eligibility assessment. No standardized MRI outcome
scoring system, such as WORMS or MOAKS, was applied,
and no longitudinal structural MRI outcomes were ana-
lyzed. Therefore, the present study cannot address struc-
tural disease modification.

Responder heterogeneity is important. While nearly half
of the cohort achieved a >30% NRS pain reduction, 2 pa-
tients had worsening pain. This finding is clinically impor-
tant and highlights that GPS L-PRP should not be presented
as uniformly effective. Future studies should evaluate pre-
dictors of response, including baseline radiographic sever-
ity, alignment, symptom duration, BMI, compartment in-
volvement, previous injections, and concomitant
treatments.

Overall, this study should be viewed as a preliminary de-
scriptive report of routine clinical practice rather than de-
finitive evidence for efficacy. Its value lies in transparently
reporting available Japanese real-world data for the GPS
leukocyte-rich PRP system and identifying methodological
issues that future controlled studies should address.

LIMITATIONS

This study has substantial limitations. First, it was retro-
spective and uncontrolled, so causality cannot be inferred.
Second, the sample size was very small, and the study was
underpowered for most outcomes. Third, 5 of 20 treated pa-
tients/knees (25%) were lost to 1-year follow-up or had un-
available 1-year outcome data, creating risk of attrition bias
and possible overestimation of benefit. Baseline character-
istics of the 5 patients not included in the paired analy-
sis were not sufficiently available for comparison. Fourth,
baseline variables such as BMI, symptom duration, align-
ment, compartment involvement, prior injections or
surgery, analgesic use, comorbidities, and concomitant
therapies were not systematically available. Fifth, patient-
specific PRP composition was not measured. Sixth, MRI was
not analyzed using standardized structural scoring. Sev-
enth, satisfaction data were not used as a major outcome
because the available percentage summary could not be
reconciled with patient-level denominators.

CONCLUSIONS

In this small retrospective uncontrolled case series, a single
GPS leukocyte-rich PRP injection was associated with im-
proved NRS pain and KOOS quality of life at 1 year in

patients with KL grade II or III knee OA. These findings
are preliminary and should not be interpreted as evidence
of treatment efficacy. Larger prospective controlled studies
with transparent patient flow, standardized PRP character-
ization, and well-defined concomitant treatment protocols
are required.

ABBREVIATIONS

ACD-A, acid citrate dextrose solution A; CI, confidence in-
terval; KL, Kellgren-Lawrence; KOOS, Knee injury and Os-
teoarthritis Outcome Score; L-PRP, leukocyte-rich platelet-
rich plasma; MRI, magnetic resonance imaging; NRS,
numeric rating scale; OA, osteoarthritis; PRP, platelet-rich
plasma; TKA, total knee arthroplasty.
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