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A Randomized Trial of Intra-articular Injection Therapy
for Knee Osteoarthritis
Marcel Tschopp, MD, OLY,* Christian W.A. Pfirrmann, MD, MBA,†‡ Sandro F. Fucentese, MD,†§
Florian Brunner, MD, PhD,*† Sabrina Catanzaro,|| Nathalie Kühne,|| Iwan Zwyssig,|| Reto Sutter, MD,†‡

Tobias Götschi,||¶ Matteo Tanadini, DPhil,# and Andrea B. Rosskopf, MD†‡
Background: Intra-articular injections arewidely used for conservative treatment
of knee osteoarthritis (OA). However, rigorous data are lacking regarding the com-
parative therapeutic effectiveness of these injections.
Purpose: The aim of this studywas to compare clinical outcomes after intra-articular
injections of glucocorticoid, hyaluronic acid, platelet-rich plasma (PRP), or pla-
cebo in patients with mild or moderate OA of the knee.
Materials and Methods: In a double-blinded, placebo-controlled, single-center
trial, we randomly assigned knees with early- to middle-stage knee OA
(Kellgren-Lawrence grade 1–3) to an intra-articular injection with one of these
substances: glucocorticoid, hyaluronic acid, PRP, or placebo. Primary outcome
was pain reduction within 6 months after the injection, assessed with the numeric rat-
ing scale (NRS; range, 0–100). Secondary outcome parameters included WOMAC
scores, Tegner Activity Scale, knee mobility, and adverse events. Finally, a linear
mixed-effects model was calculated and corrected for possible patient and
covariate effects.
Results:One hundred twenty knees (30 knees per treatment group) in 95 patients
(41 female) were included in the final analysis. The median age of patients was
60 years (interquartile range, 54.0–68.0). There was no evidence that the drug ef-
fects of primary and secondary outcome parameters differed over time. The me-
dian pain at baseline was 32.5 (interquartile range, 15.00–50.00) on NRS. The
changes in pain level during the first 6months comparedwith baselinewere small
(within ±5 points on NRS), whereas the intrapatient variability was large between
−20 and +20 points. Secondary outcome parameters did not differ significantly
among the groups. Kellgren-Lawrence grade did not have a statistically signifi-
cant effect on pain reduction (P = 0.61).
Conclusions: There is no evidence that knee injections with glucocorticoid, PRP,
or hyaluronic acid have superior short- or long-term effects in patientswith low pain
level at baseline and early- to middle-stage knee OAwhen compared with placebo.
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O steoarthritis (OA) of the knee is a chronic and progressive disease,
which can severely affect patient mobility and quality of life.1–3

The causes remain incompletely understood but are primarily attributed
to aging, anatomical factors, obesity, biomechanical factors, and previous
trauma.4–7 Nonsurgical treatment of OA is useful for patients with early
stages of OA (Kellgren-Lawrence [KL] grade 1–3), whereas in an ad-
vanced stage of OA (KL grade 4), surgical treatment is often needed as de-
finitive treatment.8 Current nonsurgical treatments focus on symptomatic
pain relieve and include physical therapy, oral anti-inflammatory medica-
tion, and intra-articular injections9,10 with glucocorticoids, hyaluronic acid,
or platelet-rich plasma (PRP).9

Intra-articular injections with glucocorticoids have been used for
over 50 years and have shown to achieve pain relief and functional im-
provement in patients with OA for at least 26 weeks.2,11 The use of hyal-
uronic acid injections tends to return less favorable clinical results than
glucocorticoids,12 but also reduce pain in mild OA up to 24 weeks.13 Re-
cent studies on PRP injections indicate promising results for relieving
pain as an alternative to hyaluronic acid for patients with mild knee OA.1

However, it remains unclearwhich drug should be used orwhen other treat-
ments should be preferred. Furthermore,most published studieswere either
not double-blinded, had no control group, or were performed on severe
cases with high pain levels at baseline.

In this randomized controlled trial, we compared clinical outcomes
after intra-articular injections of glucocorticoids, hyaluronic acid, PRP,
or placebo in patients with mild or moderate OA of the knee.

METHODS

Study Design and Oversight
This was a prospective, single-center, placebo-controlled, multiarm

parallel trial with a 1:1:1:1 randomization conducted in Switzerland. The
study's aim was to compare the effects of intra-articular knee injections
with glucocorticoid, hyaluronic acid, or PRP, with placebo. Ethics approval
for the trial was granted by the Cantonal Ethics Commission Zurich,
Switzerland (KEK-Nr. 2015-0376) and Swissmedic (Swiss Agency for
Therapeutic Products; W-560-UKB), Switzerland. The study was carried
out in accordancewith the Declaration of Helsinki, the International Coun-
cil for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use E6 guideline, and EN ISO 14155, as well as national obliga-
tions. The trial was registered with the Swiss National Clinical Trials Portal
andClinicalTrials.gov (trial number: NCT02776514). All patients provided
written informed consent and were informed that they may be given a pla-
cebo. Information specifically included potential effects of not receiving
medication and that patient's condition may worsen while treated with the
placebo injection. The authors vouch for the accuracy and completeness
of the data and for the confidentiality of the trial to the protocol. The trial
was initiated by the investigators andwas funded by 2 private, noncommercial
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foundations on an equal share: The “Foundation for Research in Rheu-
matology” (German title: “Stiftung für Rheumaforschung”), Zurich,
Switzerland and the “Marie-Lou Ringgenberg Foundation,” Bern,
Switzerland. Funders did not participate in the conduct of the study,
data collection, data analysis, or the writing of the manuscript.

Enrollment
Patients were enrolled at a tertiary referral center (Balgrist Uni-

versity Hospital in Zurich, Switzerland) between February 2016 and
November 2018. We included patients with mild to moderate knee
OA of grades 1, 2, and 3 according to the KL classification14 along with
pain or swelling for at least 3 months. All patients had a clinical indica-
tion for a knee injection due to symptomatic knee pain. The detailed in-
clusion and exclusion criteria can be found in Table 1.

Randomization and Blinding
Standard radiographs were used to confirm the OA and KL grade14

and were each rated by an experienced rheumatologist or fellowship-trained
musculoskeletal radiologist (MT or ABR). We obtained demographic
information and baseline characteristics. Participants received financial
compensation for their travel expenses.

All patients were clinically examined (routine knee examination, for
details see Table 2) by a rheumatologist (MTor FB) or an orthopedic surgeon
(SFF) before the start of the trial and at a 3-month follow-up appointment.

In addition, we collected 15 mL of venous blood in all patients
for PRP preparation; blood sampleswere discarded for those not assigned
to the PRP group.

Patients were randomly assigned to receive 1 of the 3 drugs or pla-
cebo (for details, see Supplemental Material, http://links.lww.com/RLI/
A779). Randomization was performed using a permuted block randomiza-
tion with a block size of 60 patients. Every randomization block consisted
of 60 opaque envelops, each containing a card with a drug name (15 with
“PRP,” 15 with “glucocorticoids,” 15 with “hyaluronic acid,” and 15 with
“placebo”) on it. The envelopes were stored in a locked safe. Before each
injection, one of the envelops was drawn out of the safe by the injecting ra-
diologist determining patient's drug group. After 60 patients, the next block
randomization was performed in the same way.
TABLE 1. Summary of Inclusion and Exclusion Criteria

Inclusion criteria
• Radiographically confirmed knee osteoarthritis (Kellgren-Lawrence
grades 1–3)

• Knee pain and/or knee swelling for at least 3 mo
• German speaking
• Informed consent to study trial
Exclusion criteria
• Younger than 18 y
• End-stage knee osteroarthritis (Kellgren-Lawrence grade 4)
• Anticoagulant therapy and/or coagulation disorders
• Inflammatory disease: rheumatoid arthritis, spondyloarthritis,
collagenosis, crystal deposit disease

• Severe heart disease (NYHA Grade IV)
• Infection
• Immunosuppressive therapy of immunocompromising disease
• Contraindication for magnetic resonance imaging
• Pregnancy
• Nonsteroidal anti-inflammatory drugs during the last 3 d before injection
• Injections in the same joint during the last 6 mo
• Allergic reactions to the applied medications (hyaluronic acid, iodinated
contrast media, steroids)

• Symptomatic chronic fibromyalgia
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Patients with both knees included were randomized for each knee
independently with aminimum of 3months between the injections. Except
for the radiologists performing the injection, all patients and investigators
were blinded. A blanket was placed between the injecting radiologist and
the patient's head in order to avoid that the patients can recognize the color
of the injected fluid. Patients were enrolled by one of the study nurses, who
checked all inclusion and exclusion criteriawith the patient. In cases of un-
clear criteria, the principal investigator (MT) or sponsor-investigator (ABR)
was consulted.

For the PRP injection, the “ACP-System” (Arthrex,Munich,Germany)
was used; patients' blood was centrifuged at 1500 rpm for 5 minutes
(Angel Centrifuge; Arthrex, Naples, FL), which separated the platelets
from the red blood cell, resulting in leukocyte-poor plasmawith a plate-
let concentration approximately 500 � 103 μL.15

Intervention
Onday 1 of the trial, all patients received a single-dose fluoroscopy-

guided intraarticular injection under sterile conditions from 1 of 3 inves-
tigators (ABR, CWAP, and RS): 1 mL of contrast agent (Iopamidol,
“Iopamiro”; Bracco Imaging SPA, Milano, Italy) followed by 1 mL of
glucocorticoid (triamcinolon, “Triamcort Depot”; Zentiva, Prague,
Czech Republic), or 6 mL of hyaluronic acid (sodium hyaluronate solu-
tion, “Suplasyn 1-shot”; Viatris, Canonsburg, PA), or 3 mL of the patient's
own PRP. The placebo group received 1 mL of contrast agent only.

Outcomes
We sent questionnaires immediately after the injection, as well as

at 1 week and every 3 months up to 24 months postintervention. Primary
outcomes for pain assessment within 6 months included the numeric rat-
ing scale (NRS; range, 0–100). Secondary outcomes included the West-
ern Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
component for pain (range, 0–20), WOMAC components for stiffness
(range, 0–8) and physical function (range, 0–68), and the Tegner Activity
Scale (range, 0–10). Furthermore, a clinical examination at baseline and
after 3 months (knee mobility, thigh circumference) was done. All ad-
verse events were recorded.

Study Dropout
Patients were replaced in the study if dropout occurred within the

first 3 months. Dropout reasons were noncompliance to the study pro-
tocol (missed appointments, etc), withdrawal of the informed consent,
and necessary intervention (additional injection in the same knee or
knee surgery) due to increasing knee pain.

The detailed study flowchart is shown in Figure 1.

Statistical Analysis
The statistical analysis was done by 3 professional statisticians

(MT, TG, and NG) and performed with the R statistical package version
4.1.0 (The R Foundation for Statistical Computing, Vienna, Austria).16

Study data were stored and managed with REDCap versions 6.12.1 to
6.14.1 (REDCap, Vanderbilt University, Nashville, TN).

For the descriptive analysis, mean and standard deviation or me-
dian and interquartile range (IQR), respectively, were used for continu-
ous variables, and number and percentage were used for categorical
variables. To assess differences in baseline data, Fisher exact test and
Kruskal-Wallis rank sum test were used. A P value of <0.05 was con-
sidered statistically significant.

For sample size estimation, we assumed that 6 months after the
injection the placebo group would show no improvement, an improve-
ment of 20 painNRS units for glucocorticoid, an improvement of 40 units
for PRP, and an improvement of 50 units for the hyaluronic acid. The
within-group standard deviation was assumed to be 30. These assump-
tions were based on a recently published meta-analysis.2 We also ac-
counted for a dropout rate of 5%. Missing values were not imputed.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Trial enrollment, randomization, and follow-up numbers. Note: n = number of knees; 4 knees of 4 different patients had to be replaced due to
dropout within the first 3 months after injection. Follow-up numbers are not shown for all follow-up time points in order to avoid an unwieldy figure.
Most common reasons for failed inclusion criteria were Kellgren-Lawrence grade IV, anticoagulant therapy, and immunosuppressive therapy.
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The improvement of pain NRS with respect to baseline was the
primary end point.

Pain NRS was measured at baseline and at 9 successive time points
(Fig. 2A). Positive values of this response are thus associated with more
pain compared with baseline. On the contrary, negative values are associ-
ated with less pain than at baseline and therefore are an improvement for
the patient. To account for the structure of the data, a linear mixed-effects
model (LMM) was used. In particular, “knee” and “patient” were taken
as random effects. Knee was included as a random effect as they have been
measured repeatedly over time. The patient random effect was necessary to
account for the nonindependence of the observations of those patients that
had 2 treated knees. Treatment and time (a categorical variable) and
their interaction were taken as fixed effects. In addition, the model also
contained the following control variables: sex, age, body mass index,
KL grade, pain (NRS) at baseline (as a quadratic effect), knee side (left
or right), amount of oral analgesic medication with respect to baseline,
and another drug used. The LMM was implemented with the lme4
package version 1.1-26.17 The statistical inference on the predictors
contained in the LMMwas performed via likelihood ratio test, but also
via semiparametric bootstrap as the residuals happened to slightly, but
clearly deviate from the normal distribution.

Post hoc tests were performed using the multcomp package ver-
sion 1.4-15.18 P values of post hoc tests were adjusted according to the
“single-step method.”18

Clinical relevance of the effects was set at ≥30% reduction of
baseline pain value.19 The coefficients of the LMMmodel (and their lin-
ear combinations) were assumed to follow a normal distribution (con-
firmed by simulations).
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The analyses for all questionnaire variables followed the same
scheme described here for “pain NRS.”

RESULTS

Patients
We assessed 184 patients for eligibility (Fig. 1). Of these, we ex-

cluded 23 patients for not meeting the inclusion criteria, 29 for declining
to participate, and 33 for other reasons. Overall, 124 knees in 99 patients
met the inclusion criteria and were assigned to 1 of the 4 treatment groups
(Fig. 1). Four of these knees/patients represent replacements for study
dropouts within the first 3 months after injection.

One hundred twenty knees in 95 patients were available for final
data assessment: 41 females, 54males, and 25 patients with bilateral knee
inclusion. All baseline characteristics can be found in Table 2 and Supple-
mentary Table S1, http://links.lww.com/RLI/A779. Some baseline
P values were close to significance or slightly significant, which is ex-
pected due to the number of tests performed. Nevertheless, our statisti-
cal models included and controlled for several covariate including
baseline characteristics.

Primary Outcome

Pain (Numeric Rating Scale)
As expected, starting conditions played a relevant role. In particular,

“pain NRS” at baseline had a strong effect on the variable pain improve-
ment (Table 3). Patients with low pain starting values (<20 pain NRS units)
showed no to little improvement over time (ie, flooring effect).
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Primary outcome (A and B) and secondary outcomes (C–F). Panel A shows the difference in pain onNRS compared with baseline based on the
linear mixed-effects model (LMM). Negative difference indicates pain reduction. Predicted values are created by setting all predictors other than drug
and time point to a given value. The graph shows the expected effects for “an average patient” when we control for all other predictors in the model.
Note: Confidence intervals for the predicted values are not reported as currently there is no satisfactory way to compute them for LMMs.17

Nevertheless, Supplementary Table S2, http://links.lww.com/RLI/A779, does report the estimated post hoc contrasts along with standard errors and P
values. Panel B demonstrates the difference in pain versus pain at baseline in all knees. The blue line represents the “smoother line.” The effect of
baseline value is very clear and strong. Those having low baseline values (eg, 0) won't show any improvement (see left-hand side of this graph). Note that
the effect here does not seem to be linear. Therefore, this effect was implemented into the prediction model as a quadratic effect. Panel C shows the
difference in pain (WOMAC pain: total) compared with baseline based on the LMM. Negative difference indicates pain reduction. Panel D demonstrates
the difference in stiffness (WOMAC stiffness: total) compared with baseline based on the LMM. Negative difference indicates improvement of stiffness;
positive difference indicates worsening of stiffness. E, The difference in physical function (WOMACphysical function: total) compared with baseline based
on the LMM is shown is panel E. Negative difference indicates improvement of physical function. Panel F shows the difference in Tegner Activity Scale
compared with baseline based on the LMM. Positive difference indicates increase in level of activity.
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To compare patients and treatments on a fair basis, baseline pain
and other variables were taken into consideration using a model-based
approach. All results refer to the estimated effects where we controlled
for baseline pain and other covariates.

The P values associated with all predictors are summarized in
Table 3. Interestingly, the only 2 predictors that seem to play a role for im-
provement in NRS scores were pain at baseline (P < 0.0001) and amount
of oral analgesic medication (P < 0.0001). Patients taking “more” oral an-
algesic medication for 6 months compared with baseline had an NRS
pain score of 18 points higher than those taking less oral analgesic med-
ication than at baseline. There was no evidence that the drug effects dif-
fered over time (ie, the P value for the interaction between time and treat-
ment is P = 0.25). The predicted values graph can be seen in Figure 2A.
This figure shows the estimated treatment effects over time, when the ef-
fect of all other explanatory variables present in the model is corrected
for. In other words, Figure 2A shows the model-corrected treatment ef-
fects over time. The majority of the estimated difference in pain values
were found between −5 and +5 on the NRS. The magnitude of the treat-
ment effects is approximately 4 times smaller compared with the among
patients variation (95% of them lay within −20/+20 on the NRS). Fur-
thermore, a quite large intrapatient variability was found when compared
with the treatment effect. Within a patient, the amount of unexplained
variability is quite large. In particular, the standard deviation of the resid-
uals was 14, which implies that within a given patient the unexplained
jumps over time are in most cases within the range ±28. In other words,
the treatment effects are approximately 4 times smaller than the natural
differences observed among patients or 6 times smaller than the natural
fluctuations observed within patients over time.

The predicted graph shows that the greatest reduction in pain oc-
curs in the hyaluronic acid and glucocorticoid group after 1 week, but the
glucocorticoid effect vanishes completely after 3 months, the placebo ef-
fect after >21 months. Interestingly, patients with low NRS pain values at
baseline showed no or only little improvement (Fig. 2B). The post hoc
contrasts for the effect model showed no significant differences between
the effects of placebo or glucocorticoid and the other drugs within the
first 6 months after injection (see Supplementary Table S2, http://links.
lww.com/RLI/A779).

Secondary Outcomes
All results in this section refer to themodel-based (LMM) approach.

WOMAC (Pain)
The calculated difference to baseline pain values can be seen in

Figure 2C. There was no evidence that drug effects differed over time
TABLE 3. Predictors in the Generalized Linear Mixed-Effects Model
and Their P Values for Pain Improvement in NRS Score

Baseline Parameter P

Body mass index 0.32
Side 0.28
Kellgren-Lawrence grade 0.61
Age 0.19
Gender 0.74
Pain (polynomial second degree) <0.001
Oral analgesic medication <0.001
Other medication 0.17
Treatment: time 0.25

The P values were computed via likelihood ratio tests. The last term in this ta-
ble (ie, treatment: time) represents the interaction between time and drug.
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(P = 0.75). Post hoc contrasts showed no significant differences between
the effects of placebo or glucocorticoid and other drugs (P = 0.21–0.98).

WOMAC (Stiffness and Physical Function) and Tegner Activity Scale
Difference to baseline values can be seen for WOMAC stiffness

in Figure 2D, for WOMAC physical function in Figure 2E, and for
Tegner Activity Scale in Figure 2F. The post hoc contrasts for the effect
model showed no significant differences, and there was no evidence
that the drug effects differed over time (P = 0.31–1.00).

Clinical Parameters
Knee mobility did not differ significantly between baseline and

at the follow-up examination (3 months after the injection): mean range
of motion difference was −0.7 degrees (standard deviation: ±7.2 de-
egrees) for active knee extension, 0.5 degrees (±9.9 degrees) for active
knee flexion, 0.2 degrees (±9.0 degrees) for passive knee flexion, and
−0.3 degrees (±6.8 degrees) for passive knee extension. The mean dif-
ference in thigh circumferencewas −0.1 cm (±2.8) on the right side and
0 cm (±2.3) on the left side.

Raw Data
The calculated differences to baseline based on the raw data can

be found in Supplementary Figure S1–5, http://links.lww.com/RLI/A779.
Seventy-eight knees completed the study regularly after 24 months (18 in
the placebo, 20 in the glucocorticoid, 22 in the hyaluronic acid, and 18 in
the PRP group). There is no evidence that some drugs had higher dropout
rates. Reasons for dropout included joint injection (8 knees: 6 in same knee
joint, 2 in other joints), knee surgery (3 knees), death (2 knees), lost-to-
follow-up (1 knee), accident (1 knee), activewithdraw from trial (27 knees).

Adverse Events
We encountered 5 adverse events in 2 patients (2 knees). One pa-

tient experienced facial redness and palpitations immediately after gluco-
corticoid injection and presented with knee joint swelling with effusion
at 3 months, but no signs of infection. The other patient experienced
nausea and vomiting immediately after receiving the glucocorticoid. Two
nonrelated severe adverse events occurred: one patient died due to heart
failure, another one died due to cancer during the study period.
DISCUSSION
This single-center randomized placebo-controlled trial compared

intra-articular injection treatments in patients with mild to moderate OA
of the knee. We found no significant difference in pain relief comparing
glucocorticoid, hyaluronic acid, PRP, and placebo during the first 6 months
after injection. Secondary outcomes including stiffness, Tegner Activity
Scale, and clinical parameters of knee mobility were small and comparable
among treatment groups. To take into account the structure of the data
(patients measured over time) and to control for covariates, all results
discussed are based on the LMM.

In the glucocorticoid group, pain reduction assessed with “pain
NRS” score and WOMAC questionnaire was pronounced 1 week after
the injection and vanished after 3 months. This is similar to a systematic
review2 of 27 trials by the Cochrane group in 2015, which found a mod-
erate reduction in knee pain in the first 1 to 2 weeks and no more pain
reduction after 26 weeks. Although data in this review showed a differ-
ence in improved pain scores of 1.0 cm on a 10-cm NRS between corti-
costeroids and sham injections, our data found no difference in pain out-
come between patients in the placebo and glucocorticoid group. Further-
more, the pain reduction in all our groups stayedmostly below a clinically
relevant threshold, which is 30% of the baseline pain. For functional im-
provements, our observed effects were similar to the Cochrane analysis.
In our study, the Tegner Activity Scale showed only small changes, with
minimal improvement 3months after the glucocorticoid injection. Gluco-
corticoid injections are frequently used in patients with knee OA, but
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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whether the benefit exceeds the potential harms remains controversial.20

Recent studies indicated potential negative side such as loss of cartilage
after repeated injections,21 transient meniscal thickness reduction,22 and
increased risk of knee OA progression.23 Structural changes after the in-
jection in our patients will be assessed in a separate article covering using
magnetic resonance imaging data.

A meta-analysis in 2015 showed that intra-articular glucocorti-
coids reduce pain more effectively than hyaluronic acid in short term
(up to 1 month), whereas hyaluronic acid is more effective in long term
(up to 6 months).24 Similarly, our study shows a longer-lasting effect of
hyaluronic acid, although the changes were small. Pain values (NRS
and WOMAC) in the hyaluronic acid group stayed below baseline dur-
ing follow-up with a peak of pain reduction after 15 months (NRS). It is
thought that patients with mild-to-moderate OA are more likely to re-
spond positively to hyaluronic injections than higher grades,25 but KL
grade had neither statistically significant nor clinically relevant effect
here. Similar to the study by Tammachote et al,26 injection of cortico-
steroids provided a similar improvement in knee pain, function, and
range of motion compared with 1-shot hyaluronic acid at the 6 months
follow-up. Contrary to their data, our hyaluronic acid group showed no
better pain relief in the first week after injection.

A meta-analysis published in 202027 concluded that patients with
PRP injection had a better functional recovery than hyaluronic acid injec-
tion at the 3 months, 6 months, and 12 months follow-up, as evaluated by
WOMAC function scores. The pooled results demonstrated that PRP in-
jection reduced pain more effectively than hyaluronic acid injection at
6 months and 12 months follow-up evaluated by WOMAC pain scores
and visual analog scale (VAS) scores. Our study results do not support
those data. It has to be stated that there is no clear standard concentration
for PRP production.28 Depending on the used system and patient factors
(baseline platelet concentration and function), platelet concentration
is variable. Furthermore, the published studies are very variable re-
garding the injection frequency (single-injection or multiple injec-
tions). This makes comparison of PRP studies difficult and might ex-
plain the variation in outcome data. Another meta-analysis29 stated
that a combination of hyaluronic acid and PRP shows the best results
improving stiffness, physical function, and total scores, whereas PRP
alone seems best for pain reduction. Various studies reported that OA
knee patients treated with PRP had better results within the first
6 months after injection compared with placebo, especially with mild
to moderate knee OA.30–32 In our study, patients with PRP treatment
showed a slightly lower reduction in pain than hyaluronic acid and
glucocorticoids 1 week after injection. After 3 months, pain levels
were worst in the glucocorticoid group, followed by PRP and placebo
(both at similar level). After 12 months, pain levels did not differ signif-
icantly from the placebo group, which is consistent with a recently pub-
lished study comparing PRP and saline injections in patients with KL
grades 2 and 3.33

Overall, the expected effect of pain reduction in our LMMpredic-
tion model was small (±5 points on an NRS from 0 to 100 points) for all
drug groups, which is similar to some other studies.21,25 From a statistical
point of view, the drug effects were practically not relevant compared
with the high natural variability (±28 NRS units) within patients (±20
NRS units). Other studies observed a much larger pain reduction with
changes between 15 and 30 points on the NRS.26,33 Baseline pain was
quite low in our study patients compared with other studies.21,25,32,34

Because we found that the baseline pain was a significant predictor
for pain reduction in our prediction model, the low improvement rate
might be explained by a study cohort with low pain levels at the begin-
ning. Nevertheless, these results question the practical effectiveness of
these treatments for patients with low to moderate pain.

The strengths of our study included its single-center study setup
and the single-dose intra-articular injection. The image-guided injection
with contrast media assured correct intra-articular application, which is
a crucial factor.35 This study is, to our knowledge, the first randomized
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
trial comparing the use of glucocorticoids, hyaluronic acid, PRP, and
placebo intra-articular injections.

Limitations
Up to now, there is no clear recommendation howoften PRP should

be injected. Because of the blinded study design, we could not offer
multiple PRP injections to our patients.36

Our study included patients with 1 or 2 knees treated. We took
this into account in our statistical modeling and implemented a model
with 2 random effects (for the patient and patient's knee) and an addi-
tional variable predictor that accounts for the treatment applied to the
contralateral knee. Because systemic effects of glucocorticoid injec-
tions have only been reported up to 1 month after the initial injection,
we injected the second knee at least 3 months after the injection in the
contralateral knee.37

Lastly, intra-articular injections are known for strong placebo ef-
fect.38 Self-reported parameters such as pain and stiffness are susceptible
to this phenomenon.12 Future studies with larger study cohorts are war-
ranted to confirm our findings.

In summary, there is no evidence that knee injections with gluco-
corticoid, PRP, or hyaluronic acid have superior short- or long-term ef-
fects in patients with mild or moderate OAwhen compared with placebo.

Based on these results, treating physicians might avoid these in-
jection therapies for the management of knee OA.
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