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Abstract 

Background No definitive treatment methods of curative for knee osteoarthritis (KOA). The combined therapies 
that into account both the biochemical and biomechanical may provide potential opportunities for treat KOA, 
and previous studies have demonstrated that the platelet-rich plasma of intra-articular injection (IAI-PRP) and exer-
cise treatments afford more benefits than do their corresponding monotherapies. The absence of a specific exercise 
plan and detailed explanation renders the aforementioned study results questionable. Furthermore, Tai Chi (TC) 
with moderate-intensity, whole body movements and good adherence may prove to be more effective for treating 
KOA. However, few studies examined the effectiveness and safety of combined IAI-PRP and TC for KOA.

Methods This study protocol will be a placebo-controlled, assessor-blinded randomized trial involving 12-week 
intervention and 1-year follow-up. The stratified randomization will be used to randomly assign the 212 partici-
pants to four groups: group A (placebo IAI); group B (PRP IAI); group C (TC and placebo IAI); group D (TC and PRP 
IAI). Injection will be performed once a week, three consecutive times as a course, after a week of rest to continue 
the next course, a total of 3 courses (12 week). Additionally, the TC interventions will be carried out 3 days per week 
for a total of 12 weeks. The primary outcome measures will include the efficacy (Western Ontario and McMaster 
Universities Osteoarthritis Index), acceptability and safety of these interventions. The secondary outcome measures 
will include physical function (Timed Up and Go test), walking function (Gait Analysis), inflammatory factor levels (e.g., 
Interleukin-1 β, interleukin-6, vascular endothelial growth factor), quality of life (36-Item Short Form Health Survey), 
volume of patellofemoral cartilage and effusion-synovitis (MRI). Two-way of variance with repeated measures will 
be applied to examine the main effects of the group and the time factor and group-time interaction effects for all 
outcome measures.

Discussion This trial will be first one to propose an integrated scheme combing IAI-PRP and TC for treatment of KOA, 
based on the consideration of the biochemical and biomechanical pathogenesis of KOA. These results of the study 
will provide evidence with high quality for integrated IAI-PRP and TC to treatment KOA.
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Background
Knee osteoarthritis (KOA) is a chronically orthopedic 
disease with cartilage degeneration and knee function 
limitations, which manifests as pain, swelling, stiffness 
and dysfunction, and severely restricts daily activities and 
mobility [1, 2]. The epidemiological study reported that 
the pooled global prevalence of KOA is 22.9% in people 
aged 40 and over [3]. More importantly, the incidence of 
KOA has continued to grow over the past few decades, in 
line with the global phenomenon of longevity and aging 
populations [4]. There is an important effort worldwide 
to establish therapeutic strategies to modify the natural 
history of KOA [2, 5]. However, no definitive methods of 
curative or reverse degeneration process for KOA, which 
meaning that treatment focuses on ways to treat patient 
symptoms and slow the progression of the degenerative 
process.

The challenge of treatment methods lies in the com-
plexity and unclearly of pathological mechanisms 
involved in KOA [6]. Although the exact pathophysiol-
ogy mechanism is still unclear, the biochemical and bio-
mechanical are recognized as the key mechanism to the 
occurrence and development of KOA [7–9]. In aspect of 
biochemical, the inflammatory factors, abnormal chon-
drocyte apoptosis, and extracellular degradation are 
closely associated with the occurrence and development 
of KOA [10, 11]. In aspect of biomechanical, the atrophy 
of quadriceps femoris, lower-extremity malalignment, 
and abnormal stress distribution of the knee joint are 
associated with pain aggravation and cartilage loss pro-
gression [9, 12]. It should be emphasized that the bio-
chemical mediated processes and biomechanical factors 
are coupled in the KOA development, which probably 
causing a vicious circle of cause and effect [7]. As a result, 
the concept of combined therapies has been proposed to 
treat KOA that take into account both the two aspects, 
an example commonly seen is the combination of intra-
articular injection and exercise training [13].

Intra-articular injection (IAI) is commonly used as a 
conservative treatment for KOA, as it has the potential 
to induce regenerative changes in tissue structure and 
alleviate symptoms [5, 14–16]. Among of some inject-
ants, the platelet-rich plasma (PRP) is the most promis-
ing alternative during the pain alleviation, restoration 
of the functional capacity and potential tissue repair-
ment for KOA, due to this contains large amounts of 
growth factors and anti-inflammatory cytokines [6, 

17]. Several previous studies have reported that the 
IAI-PRP and exercise treatments afford more benefits 
than do their corresponding monotherapies in patients 
with KOA [18, 19]. However, the absence of a specific 
exercise plan and detailed explanation renders the 
aforementioned study results questionable. Such as, 
Kaszynski et al. [18] and Paterson et al. [20] permitted 
patients with KOA to participate in weight-bearing and 
progressive physical activities within tolerable limits, 
but they did not provide a comprehensive and specific 
exercise plan with detailed explanations; while Raeissa-
dat et  al. [19] provided the description of multi-angle 
isometric strengthening exercises for the knee mus-
cles, it is important to note that knee extensor strength 
is just one aspect influencing the progression of KOA. 
In contrast, whole body movements that involve lower 
limb motion chains, center of gravity transfer, and pos-
ture control may prove to be more effective for treating 
KOA. As a result, it is crucial to develop a comprehen-
sive and reproducible clinical protocol to reassess the 
clinical benefits of combining IAI-PRP and exercise.

Tai Chi (TC), as a moderate-intensity exercise train-
ing, was recommended by American College of Rheu-
matology for KOA management [21–23]. A systematic 
review reported that TC was an effective and safety way 
for relieve pain, improve muscle strength, adjust lower-
extremity alignment, increase joint stability, and bal-
ance control for the patients of KOA [22]. Furthermore, 
few patients have complained of the side-effects after 
receiving TC exercise [24]. However, few studies exam-
ined the effectiveness and safety of combined IAI-PRP 
and TC for KOA. Furthermore, the differences of effi-
cacy between IAI-PRP and TC in the KOA treatment 
were not clarified in the previous study.

Therefore, the placebo-controlled, assessor-blinded 
randomized trial will be design in the present proto-
col, which will include group A (IAI-placebo), group B 
(IAI-PRP), group C (TC + IAI-placebo), and group D 
(TC + IAI-PRP). This protocol will allow to be achieve 
the study purpose as follows:

Aim 1: To examine the effectiveness and safety of 
combined IAI-PRP and TC for KOA treatment by com-
paring the group D vs B or C.

Aim 2: To compare the differences of efficacy between 
the IAI-PRP and TC in the KOA treatment by compar-
ing the group B and C.

Aim 3: To provide high-quality evidence of PRP for 
KOA treatment by comparing the group B and A.

Trial Registration Chinese Clinical Trial Registry ChiCTR2300067559. Registered on 11 January 2023.

Keywords Osteoarthritis, Knee, Platelet-rich plasma, Tai Chi
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Methods/Design
Study design
This protocol will be a placebo-controlled, assessor-
blinded randomized trial, which will be included 
12-week intervention and 1-year follow-up. This proto-
col will be conducted in accordance with the Standard 
Protocol Items: Recommendations for Interventional 
Trials (SPIRIT) [25]. A total of 212 patients diagnosed 
with KOA will be randomly and equally assigned into 

the group A (IAI-placebo), group B (IAI-PRP), group 
C (TC + IAI-placebo), and group D (TC + IAI-PRP). A 
brief flowchart of the entire study is shown in Fig.  1, 
and the schedule of events is provided in Table 1. The 
study protocol was approved by the Ethics Commit-
tee of Shanghai Seventh People’s Hospital (2022-7th-
HIRB-067) and registered in the Chinese Clinical Trial 
Registry (ChiCTR2300067559).

Assessed for eligibility (n=?)

Excluded (n=?)
Not meeting inclusion criteria (n=?)
Declined to participate (n=?)
Other reasons (n=?)

Secondary outcome 
Physical function: TUG
Walking function: Step length, Step velocity, 

Knee ROM, Knee adduction moment
Inflammatory factor: IL-1 β, IL-6, VEGF, TNF-

α
Quality of life: SF-36
Knee structural evaluation MRI

Date collection and statistical 

Randomized (n=212)

Enrollment

Group D (n=53)
TC and PRP IAI

Allocation

Primary outcome 
Efficacy: WOMAC
Acceptability: referral rate, retention rate, 

drop-out rate
Safety: occur rate of adverse events

Assessment

Group B (n=53)
PRP IAI

Group A (n=53)
Placebo IAI

Group C (n=53)
TC and placebo IAI

Fig. 1 A brief flowchart of the entire study. IAI intra-articular injection, PRP platelet-rich plasma, TC Tai Chi, WOMAC Western Ontario and McMaster 
Universities Osteoarthritis Index, TUG  Timed Up and Go test, ROM Range of Motion, IL-1 β Interleukin-1 β, IL-6 Interleukin-6, VEGF Vascular Endothelial 
Growth Factor, TNF-α Tumor Necrosis Factor α; SF-36 36-Item Short Form Health Survey, MRI Magnetic Resonance Image 
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Table 1 Schedule of enrollment, intervention and assessments.

Study period

Enrollment Allocation Post-allocation Follow-up

Timepoint** -1th week 0 6th week 12th week 3th month 12th month

Enrolment:

Eligibility screen √

Informed consent √

Demographic information √

Randomisation and 
Allocation √

Interventions:

Group A

Group B

Group C

Group D

Assessments:

WOMAC √ √ √ √ √

Referral rate
Retention rate
Drop-out rate 

√ √ √ √ √

Occur rate of adverse events √ √ √ √ √

TUG √ √ √ √ √
Step length

Step velocity
Single support time

√ √ √ √ √

Knee ROM
Knee adduction moment

Inflammatory factor in the 
venous blood (IL-1 β, IL-6

and VEGF )
√ √ √ √ √

Inflammatory factor in the 
synovial fluid (IL-1 β, IL-6

and TNF-α)
√ √ √ √ √

SF-36 √ √ √ √ √

Volume of patellofemoral 
cartilage √ √ √

Effusion-synovitis √ √ √
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Sample size
The sample size will be determined based on the priori 
power analysis through G*Power software version 3.1.9.2 
[26]. In the calculations, ANOVA repeated measures 
between factor will be chosen, effect size 0.25, alpha 
0.05, power 0.80, number of groups 4, number of meas-
ures 5, and the sample size is calculated as 168. Taking 
into account a conservative anticipation of a 20% drop-
out rate, the final sample size will therefore be 53 in each 
group, with a total of 212 subjects.

Participants
The participants must fulfill the KOA diagnosis criteria of 
the American College of Rheumatology, including MRI 
or CT radiography and current joint symptoms based on 
self-report [27]. The participants will be further screened 
according to the inclusion and exclusion criteria for those 
who meet the diagnostic criteria.

Inclusion criteria
The inclusion criteria will be as follows: (1) meet the diag-
nostic criteria for KOA; (2) aged 50–75  years; (3) Kell-
gren–Lawrence (KL) grade I to III based on radiographic 
classification; (4) without the experience of TC; (5) vol-
unteer to take part in the study and sign the informed 
consent form.

Exclusion criteria
The exclusion criteria will be as follows: (1) have the his-
tory of trauma, ligament damage, fracture, or surgery on 
the knee within 12  months, causing pain or functional 
problems; (2) have severe cardiovascular disease, dam-
age of liver and kidney function, immune deficiency, dia-
betes mellitus, and blood diseases; (3) have other acute 
or chronic disorders or psychiatric conditions that will 
affect physical or cognitive functions; (4) have received 
medication or relevant intra-articular injection within 
the last 3 months; (5) have involved in any study related 
to exercise program within the last 6 months.

Recruitment and enrollment
Two hundred and twelve participants with KOA will be 
recruited from the Shanghai Seventh People’s Hospital 
and neighboring communities, through the ways of fly-
ers, posters, recommended by rehabilitation therapist or 
neurologist, and WeChat official account. We will com-
municate with potential participants with participation 
intention by telephone for the first step of screening and 
asked them to self-report whether they met the inclusion 

criteria. For the subjects who passed the first step of tel-
ephone screening, he or she will be invited to face-to-face 
examination and evaluation, and to fully determine that 
the participants meet the inclusion criteria and not meet 
the exclusion criteria. In addition, we will inform the pur-
pose, method and potential benefits of the present study 
to all participants, as well as the principle of voluntary 
participation. All patients who met the inclusion criteria 
and agreement to participate will be required to provide 
their written informed consent.

Recruitment will start from February 1, 2024, until 
when 212 participants are enrolled.

Randomization, allocation concealment and blinding
The stratified randomization with gender and KL grade 
as factors will be used to randomly assign the eligible 
participants to four groups. First, the participants will 
be grouped by gender. Then, male and female will be 
grouped by KL grade. After grouping, there will be six 
subgroups: (1) male, KL = I; (2) male, KL = II; (3) male, 
KL = III; (4) female, KL = I; (5) female, KL = II; (6) female, 
KL = III. For any one subgroup, the participants will ran-
domly divide into group A, B, C and D group, and all 
group A, B, C and D group are merged to form a new 
group A, B, C and D group. The randomization number 
lists will be generated by the random number generator 
of the SPSS software (Version 22.0; IBM Corp., NY, USA).

The allocation of participants will be hidden in opaque 
numbered and sequentially sealed envelopes, prepared 
by a researcher who did not participate in the recruit-
ment and assignment of the groups. The corresponding 
envelopes will be opened to determine a patient’s group 
assignment once the participants enrolled have com-
pleted all baseline assessments. In addition, physiothera-
pists with same level, TC coaches and IAI operators also 
will be followed randomization and randomly assigned to 
any group.

Due to the visible nature of the exercise intervention, 
blinding of the study investigators and the participants 
for TC will be impossible [28]. To ensure blinding of the 
PRP and concealment of randomization, the independent 
laboratory pharmacist prepared a syringe with PRP and a 
syringe with placebo (isotonic saline: 0.9% sodium chlo-
ride) [29]. They covered study syringes with a specially 
manufactured thick plastic covering sheath to conceal 
the appearance of the study intervention. After the intra-
articular injection, the syringe covered by the sheath 
(containing either the remnants of the PRP or saline) will 
be handed back to the independent research assistant, 

Table 1 (continued)
“√” means things will be done. WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, TUG  Timed Up and Go test, ROM Range of Motion, IL-1 β 
Interleukin-1 β, IL-6 Interleukin-6, VEGF Vascular Endothelial Growth Factor, TNF-α Tumor Necrosis Factor α, SF-36 36-Item Short Form Health Survey
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who disposed of the syringe in effort to maintain blinding 
of the study team. The success of blinding will be assessed 
by asking patients just after the injections what treatment 
they thought they had received. Furthermore, blinding 
will be applied to the outcome assessors and statisticians 
who conduct the final statistical analyses in this protocol 
to avoid potential detection bias. The outcome asses-
sors will be responsible for data collection and analysis, 
and they will not be involved in the subject recruitment 
process.

Interventions
All participants will receive health education recom-
mended by the guidelines of Osteoarthritis Research 
Society International (OARSI) [30]. On the basis of 
health education, the group A will receive the placebo 
intra-articular injection; the group B will receive the PRP 
intra-articular injection; the group C will receive TC and 
placebo intra-articular injection; the group D will receive 
TC and PRP intra-articular injection. During 12-week 
intervention, intra-articular injection of PRP and placebo 
will be performed under ultrasound guidance. The fre-
quency and dose of intra-articular injection will be con-
sistent between the placebo and PRP in the four groups. 
Injection will be performed once a week, three consecu-
tive times as a course, after a week of rest to continue the 
next course, a total of 3 courses (12 week). Additionally, 
the TC interventions in the Group C and D will be car-
ried out 3 days per week for a total of 12 weeks.

Health education
The efficacy of health education for treat KOA have been 
demonstrated by the organizations of OARSI and Osteo-
arthritis and Musculoskeletal Diseases (ESCEO) [30]. 
Thus, we will use health education as basis intervention. 
The health education will include two parts: (1) an educa-
tional booklet and a video will be provided to the patients 
to accomplish the home-based self-learning; (2) weekly 
group meeting with face to face. The topics covered by 
health education include: osteoarthritis, aging, how to 
exercise for the elderly, the effect of TC on health, and 
the education and management of KOA pathogenesis 
factors, etc.

PRP preparation and injection
The fresh venous blood samples of the participants 
will be collected via venipuncture, which underwent 
the process of two-step differential centrifugation in 
order to obtain PRP [1, 31]. One syringe of 36  mL of 
autologous blood will be collected from the median 
cubital vein, and inject into four 9-mL extraction tubes. 
Among four extraction tubes, three tubes contain-
ing 3.8% trisodium citrate as anticoagulant, and the 

remaining one contains nothing, which will be used 
for hematological analysis. After blood collection, the 
tubes will be submitted to double centrifugation (Smart 
Prep III, Harvest Technologies Corp, USA). Blood sam-
ples will be centrifuged for 10 min at 1800 rpm to sepa-
rate the erythrocyte layer. The upper plasma layer will 
be carefully collected in a new sterile propylene tube 
while attempting to not remove the leukocyte layer. 
The plasma from all tubes will be centrifuged again for 
12 min at 3400 rpm to obtain a two-part plasma, with 
the upper part consisting of platelet-poor plasma and 
the lower part consisting of LP-PRP. After discarding 
platelet-poor plasma, about 5 mL of LP-PRP will even-
tually be obtained. The product monograph reported 
that an 1  mL of LP-PRP prepared this method with 
approximately 1244 ×  106 platelets and 24.7 ×  106 white 
blood cells [32]. Finally, approximately 6220 ×  106 plate-
lets will be injected into the knee of the patients with 
KOA under ultrasound guidance.

The patient will be instructed to remain in a supine 
position, and the knee joint will be slightly flexed. The 
outer and upper part of the patella of the affected knee 
will be taken as the injection point, where routine dis-
infection will be performed and a sterile towel will be 
spread. A 21-gauge needle will be inserted into the 
knee joint at the upper outer quadrant of the patella 
under ultrasonographic guidance, and 5 mL PRP will be 
injected into the joint cavity after the relevant joint fluid 
was pumped back. After the injection, patients will be 
advised to avoid heavy or repetitive stress to the knee 
joint for 48  h. Patients will be instructed to avoid co-
interventions and nonsteroidal anti-inflammatory drugs 
(NSAIDs) 24 h prior to the intervention [33].

Tai Chi
The Tai Chi program is mainly based on a nine-form 
Yang-style, which is a brief and modified version of 
64-form Yang-style [34, 35]. It can be easily learned 
and practiced without restrictions on time and space. 
More importantly, it is suitable for the patients with 
KOA, because some movement patterns with high knee 
joint load are modified by the Tai Chi master to accom-
modate KOA symptoms and help limit dropouts. The 
patients will participate in three 60-min Tai Chi sessions 
conducted weekly for 12  weeks. Each session includes: 
(1) warm up and review of Tai Chi principles and tech-
niques, 10  min; (2) Tai Chi exercises, 40  min; (3) cool-
down relaxation, 10 min. The teaching is carried out by 
a Tai Chi master who has over 10 years’ experience con-
ducting Tai Chi exercise. Information about the princi-
ples and skillsets of each form of TC, and Video clips will 
be provided to each participant for home learning.
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Outcome measures
Outcome measures will be assessed by profession reha-
bilitation assessor, biochemical analyst and ultrasound 
doctor at baseline (T1) before intervention, 6 weeks (T2) 
and 12  weeks (T3) during intervention, and 3  months 
(T4) and 12  months (T5) during follow-up period. The 
demographic and clinical characteristics of the all partici-
pants will be collected at the time of enrollment.

Primary outcomes

(1) Efficacy: The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) will 
be used to evaluate the score of the pain, stiffness 
and daily functional activities of the participants. A 
number of studies demonstrated that the WOMAC 
is a reliable and valid instrument for evaluating the 
joint function of KOA [36, 37]. The aggregate score 
of the WOMAC is 96, which mainly includes pain 
(20 points), stiffness (8 points) and daily functional 
activities (68 points). The higher the score is, the 
more serious the knee joint dysfunction is. In addi-
tion, the anchor-based method will be utilized to 
determine the minimal clinically important differ-
ence (MCID) in order to evaluate the clinical signif-
icance of the changes in WOMAC [38]. All patients 
will be asked to rate their knee improvement com-
pared to baseline at 3 and 12 months. The question 
will be: “How is your health today compared with 
baseline?” Patients will be able to choose from five 
Likert response options: “a great deal better,” “some-
what better,” “equal,” “somewhat worse,” and “a great 
deal worse.” The MCID will be determined by cal-
culating the average change score for patients who 
reported their knee improvement as “somewhat 
better” in the transitional question. This will involve 
subtracting the baseline scores from the scores at 
3 and 12 months during the follow-up period. The 
MCID proportion (MCID%) will be calculated 
as the percentage of the sample with a change in 
scores that surpasses the MCID threshold.

(2) Acceptability: The acceptability is an important part 
of the evaluation of intervention. The rate of refer-
ral, retention and drop-out will be used to compre-
hensively evaluate the acceptability of interventions. 
• Referral rate is defined as the ratio of the number 
of referrals made by different departments and hos-
pitals to all participants (T1); • Retention rate is the 
ratio of the number of participants who completed 
the study (T5) to all participants (T1); • Drop-out 
rate is the ratio of the number of participants who 
dropped out after randomization to all participants 

(T1), talk with the drop-out participants to identify 
their reasons for dropping out.

(3) Safety: The occur rate of adverse events is defined as 
the ratio of the number of occurred participants to 
all participants (T1), which will be used to evaluate 
the safety of intervention. During the intervention 
and follow-up, the adverse events (e.g., pain, fall) 
will be recorded on the Case Report Form (CRF) by 
the way of the monitor and self-report, and will be 
evaluated for relevance to the intervention.

Secondary outcomes

(1) Physical function: The Timed Up and Go test 
(TUG) will be used to assess the physical function 
performance of the participants. Previous study 
reported that the TUG is simple, reliable and valid 
measurement for assess the physical performance 
of the KOA [39, 40]. During TUG test, the partici-
pants will be required to stand up from a standard 
chair (40 cm height), walk 3 m, turn around, walk 
back, and sit down again. The test will be performed 
3 times and record with chronograph.

(2) Walking function: The gait analysis of the self-
selected speed walking will be used to assess the 
walking function for KOA. The gait analysis is cho-
sen as functional measures of walking, due to the 
quantitative and systematic evaluation methods, 
could more comprehensively assess the changes of 
walking function than the graded assessment scale 
[41, 42]. Such as, the knee adduction moment can 
effectively reflect the degree of pressure imbalance 
between the medial and lateral compartments of the 
knee joint [42]. Full body three-dimensional kin-
ematics and ground reaction forces are collected by 
a 10-camera infrared motion capture system (Vicon 
Motion Systems, Oxford, United Kingdom) and 
the force platform (Kistler Instruments AG Corp., 
Switzerland), respectively. The human biomechani-
cal model is built based on Visual 3D (C-Motion, 
Inc., United States). The gait analysis outcomes will 
be included: temporospatial parameters (e.g., step 
length, step velocity, single support time), the range 
of motion and knee adduction moment.

(3) Inflammatory factor levels: The fasting venous 
blood, synovial fluid of the knee joint will be col-
lected from the patients for analysis the inflamma-
tory factor levels [43, 44]. • The inflammatory factor 
in the venous blood: 5  ml of fasting venous blood 
will be collected from the patients in the morn-
ing with routine local disinfection. The Interleu-
kin-1 β (IL-1 β), interleukin-6 (IL-6), and vascular 
endothelial growth factor (VEGF) will be measured 
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by Enzyme-Linked Immunosorbent Assay (ELISA). 
Furthermore, erythrocyte sedimentation rate (ESR) 
was measured by Westergren method. • The inflam-
matory factor in the synovial fluid: 2  mL of syno-
vial fluid will be withdrawn from the joint cavity by 
puncturing the syringe just above the patella and 
lateral quadriceps femoris. For those who could 
not be extracted successfully due to the lack of joint 
fluid, 0.9% chlorinated steel injection (2  mL) will 
be injected into the joint cavity to move the knee 
joint and then extracted [43]. The IL-1 β, IL-6 and 
tumor necrosis factor α (TNF-α) will be measured 
by ELISA.

(4) Quality of life: The 36-Item Short Form Health 
Survey (SF-36) will be used to comprehensively 
evaluate the quality of life across broad physical and 
emotional health domains of the participants. Pre-
vious study reported that the SF-36 is easy to use, 
acceptable to patients, and fulfills stringent criteria 
of reliability and validity [45, 46]. The SF-36 ques-
tionnaire includes eight multiple-item subscales, 
the score on each SF-36 subscale ranges between 0 
and 100, and greater score indicates better quality 
of life.

(5) Knee structural evaluation: The knee struc-
tural changes will be evaluated by 3 Tesla Philips 
MRI scanners and a sense coil for the following 
sequences: transverse 3D TRUFISP and coronal 
and sagittal fat saturated protondensity. • Volume 
of patellofemoral cartilage: The cartilage area was 
manually segmented from the nearby bone and 
soft tissue in the TRUFISP 3D sequence. Subse-
quently, the volume of the cartilage was determined 
by multiplying the sum of the cartilage area in all 
the images by the slide thickness, utilizing 3D slicer 
software [47]. • Effusion-synovitis: The presence of 
intra-articular fluid-equivalent signal on the pro-
ton density-weighted images was used to define 
effusion-synovitis [48]. A semi-automated seg-
mentation technique was employed to measure the 
volume of effusion-synovitis. The final 3D volume 
rendering was created using 3D Slicer, a free open-
source imaging software (version 4.10, National 
Alliance of Medical Image Computing, NA-MIC) 
[49].

Data collection and management
The demographic, clinical characteristics, outcome 
measures, adverse events, and safety evaluations will be 
collected and recorded in the CRF. The outcome assessor 
fill-in relevant information timely and accurately accord-
ing to the CRF requirement. The data check (e.g., checked 
against the CRF of the origin data, double-checking) 

will be conducted to ensure the data accuracy before 
electronic storage. The two research assistants who are 
blinded the study process will enter all the collected data 
into the data management system with a double entry 
method. In addition, they also will enter the real-time 
data into the Chinese Clinical Trial Registration Center. 
Access to the dataset will be restricted to the Clinical 
Trial Management and the Data Safety and Monitoring 
Board. Storage and disposal of research data hard cop-
ies will strictly follow the regulations and policies of the 
investigator’s institution and the study sites. In addition, 
serious adverse events will be reported to an independ-
ent Data Safety and Monitoring Board that will advise 
whether to continue, modify or stop the intervention. 
During the study process, to protect individual privacy 
before, the dataset will be stored, analyzed and archived 
in a pseudonymized manner.

Statistical analysis
All statistical analyses will be performed with IBM SPSS 
(Version 22.0, Chicago, IL, USA) by statisticians who are 
blinded to the group allocation. The outcomes analy-
ses will be performed on an intention-to-treat basis. For 
the missing data, several sensitivity analyses will be con-
ducted to evaluate their effects on the results. The Sha-
piro–Wilk will be used to test the normal distribution 
of the continuous variables for demographic and out-
come measures. Continuous variables will be described 
as mean ± SD for normal distributions or median for 
non-normal distributions, categorical variables will be 
described as frequency. The χ2 test or Fisher’s exact test 
will be used to examine the comparisons between the 
four groups for categorical variables. When the normal-
ity of data distribution is found, two-way of variance with 
repeated measures will be applied to examine the main 
effects of the group and the time factor and group-time 
interaction effects. A simple effect post hoc analysis will 
be conducted, when time-group interaction is significant. 
Additionally, if homogeneity is not found, a linear mixed 
model will be adjusted for gender and KL grade. To miti-
gate bias and potential confounding variables, the pro-
pensity score matching (PSM) method will be employed 
[50]. Significant level for all tests will be set at 0.05 for all 
statistical tests and corrected for multiple comparisons 
using the Bonferroni-adjusted method, and 95% confi-
dence interval will be reported.

Patient and public involvement
The initial study idea was conceived by the study team. 
The patients with KOA, physiotherapists and neurologist 
took part in preparation of the proposal with face-to-face 
interviews. In addition, the study protocols also will be 
modified and supplemented utter concerns not addressed 
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in a draft proposed at the time based on their feedback, 
to ensure the safety and applicability of the intervention.

Dissemination plans
The results of this study will be fully published in inter-
national peer-reviewed journals, with both positive and 
negative results reported.

Discussion
The systematic review reported that no treatment meth-
ods have significant modifying properties and long-term 
efficacy for KOA [2, 11]. The development of an ideal and 
effective programs for treatment of KOA is still being 
explored. The pathological mechanisms of KOA involved 
the progress of the biochemical and biomechanical [8, 
51], but no integrated treatment programs for the aspects 
of the biomedical and biomechanical mechanisms. In 
our knowledge, this trial is first one to propose an inte-
grated scheme combing IAI-PRP and TC for treatment 
of KOA, based on the consideration of the biochemical 
and biomechanical pathogenesis of KOA. Furthermore, 
the efficacy, acceptability and safety of the combined IAI-
PRP and TC will be explored by the design of 12-week 
intervention and 12-month follow-up. These results of 
the study will provide evidence with high quality for inte-
grated IAI-PRP and TC, and guide significance for design 
more effective treatment methods in KOA.

This study has several important strengths. First, it 
is a novel integrated treatment method for combing 
PRP IAI and TC interventions for KOA. Previous study 
examined individual components (e.g., health education, 
PRP, TC) but have not combined them in an integrated 
method [16, 22, 52]. More importantly, this method takes 
into account the biochemical and biomechanical factors 
in the development of KOA, and may have a potential 
opportunity to treat KOA. Second, the comprehensively 
intervention protocol will be evidence-based and rigor-
ously developed based on the evidence, recommenda-
tions, theories and practice standards of the systematic 
review [30, 40, 53], and will be allowed to achieve multi-
ple study purpose such as examine the effectiveness and 
safety of combined IAI-PRP and TC for KOA treatment 
and compare the differences of efficacy between the IAI-
PRP and TC in the KOA treatment. The questions will 
be answered by these study purposes which are also the 
problems that the need to be solved in the field of KOA 
treatment in the systematic review wrote by Cook [6]. 
Third, Medical Research Council Framework for devel-
oping and evaluating complex interventions suggested 
that the feasibility, acceptability and safety of a pro-
posed intervention and research methodological proce-
dures should be fully examined prior to performing the 
full-scale study [54, 55]. The comprehensive assessment 

of efficacy, acceptability and safety was designed in this 
study, such as drop-out rate will be reflected acceptabil-
ity and adverse events occur rate will be reflected safety. 
Last, more systematic and comprehensive assessment 
outcomes will be selected in this protocol, such as knee 
adduction moment from 3D gait analysis, inflammatory 
factor levels from venous blood and synovial fluid. There-
fore, the present study will provide more comprehensive 
and systematic protocol for the further study with rand-
omized controlled.

We recognize this study also has limitations. This 
research has an inevitable limitation associated with the 
difficulty in controlling the methodology of blinding dur-
ing the TC intervention, which cannot be blinded for 
the participants and therapists due to the visible of the 
TC intervention. Although the outcome assessors and 
data analyzer will be blinded to the group allocation, 
which might increase the risk of detection bias dur-
ing the study’s implementation. Additionally, the PRP 
preparation and injection need to be operated by medi-
cal personnel in medical institutions, which may limit the 
promotion and application of the combined IAI-PRP and 
TC in the community and home.

In summary, the results of the study protocol will dem-
onstrate that the efficacy, acceptability and safety of the 
combined IAI-PRP and TC for treatment of KOA. This 
method may have a potential opportunity to treat KOA. 
The study protocol will provide guide significance in inte-
grate exist and different rehabilitation technology and 
design more effective rehabilitation program for KOA.
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