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Background: Infraorbital neuralgia (IONa) is a rare but devastating type of facial pain, with a lack of current consensus on its proper 
management. Preliminary studies have established the efficacy of pulsed radiofrequency (PRF) in the treatment of IONa. Platelet-rich 
plasma (PRP) is a non-destructive technique that alleviates neuropathic pain. Till date, the efficacy of PRP combined with PRF in the 
treatment of IONa has not been evaluated yet.
Objective: To evaluate the efficacy and safety of PRP combined with PRF in treating refractory IONa in patients unwilling to 
undergo destructive therapies.
Study Design: A multicenter, prospective, observational, propensity score matching (PSM), and assessor-blinded study.
Setting: Department of pain management in Beijing, Wuhan and Qingdao, China.
Methods: A total of 240 refractory IONa patients will be allocated to either PRP combined with PRF therapy (PRP+PRF) group or 
PRF therapy alone (PRF) group at their own volition. Statistical analysis will be performed using Pearson’s chi-squared or Fisher’s 
exact test for categorical variables, Student’s t-test and Mann–Whitney U-test for continuous variables. Logistic regression will be 
used to evaluate the pain - relief efficacy.
Results: The primary outcome will be the 12-months response rate. The secondary outcome will include NRS score, total daily dose 
of carbamazepine, the 12-item Short-Form Health Survey (SF-12) scores, patient satisfaction scores (PSS) and adverse events (AEs).
Limitation: This is an observational, open-labeled study with a relatively short term follow-up. The composition of PRP and various 
cell ratios, which are optimal for IONa has not been published yet.
Conclusion: This will be a multi-center trial with a relatively large sample size, demonstrating the potential benefits of PRP combined with 
PRF therapy in IONa patients. Further, randomized controlled trial (RCT) will be necessary to confirm the efficacy of this combined therapy.
Keywords: infraorbital neuralgia, platelet-rich plasma, pulsed radiofrequency, treatment protocol

Introduction
Infraorbital neuralgia (IONa), a rare but devastating type of facial pain, is characterized by paroxysms of severe, 
lancinating, electric shock - like bouts of pain restricted to the distribution of infraorbital nerve, which is an isolated 
branch of the maxillary nerve (second branch of the trigeminal nerve).1 IONa can be defined as the neuralgia of the 
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terminal branch of the trigeminal nerve, as per the consensus statement from the Spanish Society of Neurology’s 
Headache Study Group;2 however, this definition provides little insight into the pathogenesis of this neuropathic 
condition. Although the etiology of IONa and the potential mechanisms are still poorly understood, fracture of the 
orbital rim, maxillary sinusitis, maxillary antrostomy, nerve tumors, viral infection or other unknown reasons are thought 
to be causative factors.3,4 Previous researches indicate that cases of terminal branch neuralgia of the trigeminal nerve are 
rare,1 and that specific incidence of terminal branch neuralgia including IONa has not been reported yet. Despite being 
rare, however, this agonizing disorder generally entails repeated, severe, long-term pain that could lead to various 
psychological disorders, seriously impacting patient’s quality of life.5

There is no current consensus in the management of IONa, since the rare incidence of IONa allows the enrollment of 
even fewer patients for randomized controlled trials (RCT) for relevant therapies.3,6,7 Patients with IONa usually receive 
the same pharmacotherapy as trigeminal neuralgia. Patients who respond poorly or are intolerable to medical manage-
ment can be supplemented with neural blockade using local anesthetics.7,8 However, despite the high short-term effect of 
this procedure, the duration of pain relief is rather short. Nerve blocks with local anesthetics and corticosteroid also only 
had a temporary effect on IONa.1 And patients must undergo repeated treatments due to relapse. Apparently, repeated 
injections could enhance surgical complications and corticosteroid-related side effects.9 Neuro-destructive approaches 
such as percutaneous infraorbital nerve ablation or open infraorbital neurectomy are usually reserved for refractory IONa 
with failed conservative treatments.10 However, both thermal effect of percutaneous infraorbital nerve ablation and open 
infraorbital neurectomy inevitably lead to numbness in the area innervated by infraorbital nerve.11–13 Hence, it is 
necessary to establish a non-destructive and effective treatment of IONa.

Pulsed radiofrequency (PRF), a minimally invasive percutaneous treatment technique, has been proven to be partially 
effective in IONa patients unresponsive to conservative therapy.14 Our previous studies in patients with IONa demon-
strate that the effectivity of 42°C PRF reached 60% during a 1-year follow-up. Although proper enhancement of PRF 
output voltage could further improve treatment efficacy, the therapeutic effect remains limited and has a significant long- 
term recurrence rate.15 Another research by Jia et al suggests that the effective rate of a combination of 42°C PRF and 
60°C continuous radiofrequency (CRF) treatment was 72.7% at two years. Unfortunately, the recurrence of pain and 
uncomfortable facial numbness were present in some of these patients after the aforementioned combined therapies.16 

The improvement of therapeutic efficacy of 42°C PRF for IONa has become a pressing challenge.
Platelet-rich plasma (PRP) is a safe autologous blood product providing a supraphysiological concentration of 

platelets, leukocytes, growth factors and other bioactive proteins such as cytokines and chemokines.17 Activated platelets 
release many anti-inflammatory mediators that can reduce inflammatory reaction, promote nerve axon regeneration and 
reinnervate the original target tissues, providing prolonged neuropathic pain relief,18 in cases with postherpetic 
neuralgia,19 diabetic neuropathic pain.20,21 Doss et al reported a single case of refractory TN treated with PRP. After 
injections of PRP around the distal branches of the maxillary nerve, the patient was able to achieve normal social and 
work life with a complete resolution of their symptoms with no clinical features to suggest peripheral nerve damage for 6 
months.22 A pilot study comprising 29 patients with idiopathic trigeminal neuralgia showed a significant reduction in the 
mean visual analogue scale (VAS) score from 9.1 at baseline to 0.0 at six months after PRP injection around the branches 
of the trigeminal nerve administered five times at seven days intervals.23 By now, there are a few literatures reporting the 
effectiveness of PRP treatment for IONa. Thus, the analgesic potential of PRP to IONa can be speculated, since 
infraorbital nerve is a branch of the trigeminal nerve (Maxillary nerve, CN V2).

As PRF and PRP are both non-destructive techniques, whether combination therapy can achieve better ther-
apeutic effects than simple PRF therapy warrants a discussion. Till date, there have been a few case reports reporting 
that PRF combined with PRP has a better potential to control chronic pain such as osteoarthritis,24,25 supraspinatus 
injury,26 etc. compared to PRF alone. However, there is no evidence to support the clinical benefits of PRF 
combined with PRP for IONa treatment yet. We have designed this prospective study aimed to observe whether 
PRP injections combined with PRF treatment could be a more effective treatment option compared to utilizing only 
PRF for refractory IONa.
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Objectives
This study aims to compare the efficacy and safety of PRP combined with PRF against PRF alone in IONa patients 
seeking minimally invasive treatment strategy, who respond poorly to or are intolerant of carbamazepine and refuse 
destructive therapies.

Methods
Study Design
This is a multicenter, prospective, observational, propensity score matching (PSM), cohort and assessor-blinded study.

Study Setting
Patient recruitment will begin on July 1st, 2024, and will end in July 1st, 2026, at the department of pain management in 
the following participating centers: Beijing Tiantan Hospital, Capital Medical University; Union Hospital, Tongji 
Medical College, Huazhong University of Science and Technology, Wuhan; Qinghai Provincial People’s Hospital, 
Qinghai. The study will complete on July 1st, 2027, with a follow-up period of 12 months. This time frame will be 
adjusted according to the actual progress. The research teams responsible for the study at each study centers will receive 
a specific training regarding the details of this study protocol to confirm smooth operations. All the procedures will be 
performed by pain physicians with over 5 years of experience and more than 30 PRF treatment for IONa before 
participating in this study.

Study Protocol
This study protocol was approved by the ethics committee of Beijing Tiantan Hospital (KY2023-263-03-03) and has 
been registered at the clinicaltrials.gov website (ID:NCT06492231). This protocol was written in compliance with the 
Declaration of Helsinki.27

Informed Consents
Patients will be informed in detail the benefits and potential risks of this study by well-trained physicians and will have 
sufficient time to consider whether to participant in this study or not. Eligible patients will sign written informed consents and 
will be allowed to withdraw from study or discontinue participation without any restrictions, throughout the whole study.

Study Population
According to the screening criteria, two hundred and forty patients will be enrolled in this study. Based on patient preference, 
participants will be divided into 2 groups: PRP+PRF group (PRP injection combined with PRF treatment) and PRF alone 
group (only undergoing PRF). The flow chart of patient recruitment is illustrated and summarized in Figure 1.

Pre-Operative Assessment
Prior to enrollment, patients’ clinical data, such as age (years), gender (male or female), Body Mass Index (BMI, kg/m2), 
education level, participating center, duration of disease (months), pain laterality (left/right), pain characteristics, the total 
daily dose of carbamazepine (milligrams per day), numeric rating scale (NRS) scores of pain (0 representing no pain and 
10 representing the most severe pain imaginable), comorbidities including hypertension, diabetes mellitus, coronary heart 
disease and cerebrovascular disease, smoking history, patients’ quality of life (QOL, evaluated by 12-item questionnaire, 
SF-12 questionnaire, scores below 50 points considered poorer health status) will be collected and recorded in the Case 
Report Form (CRF).28

Subject Eligibility
After informed consents, researchers will fill out subject eligibility form based on the inclusion and the exclusion criteria. 
If patients do not meet all of the inclusion criteria or meet any of the exclusion criteria, they will not be included in the 
study, and will be marked as excluded.
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Inclusion criteria
1. Age between 18 to 75 years;
2. In accordance with the diagnostic criteria of code 8B82.0 for IONa as stipulated in the 11th edition of the 

International Classification of Diseases (ICD-11);29

3. Unresponsive to or intolerant of carbamazepine;
4. Baseline NRS score ≥ 4;
5. Willingness to adhere to the study protocol, including follow-up visits;
6. No significant comorbidities (eg, uncontrolled diabetes, severe cardiovascular disease, or severe cerebrovascular 

disease) that could interfere with treatment outcomes;
7. Signed informed consent.

Exclusion criteria
1. Platelet count <105*109/L, ongoing anticoagulation or antiplatelet therapy, coagulation disorders or bleeding disorders;
2. Severe cardiopulmonary or hepatorenal dysfunction;
3. Infection at puncture site;
4. Neuralgia secondary to tissue damage around the infraorbital foramen from causes such as maxillary sinusitis or tumor;
5. History of neuro-destructive treatments such as radiofrequency thermocoagulation, chemical ablation, infraorbital 

neurectomy, infraorbital nerve avulsion, etc.;
6. History of mental disorders;
7. History of narcotic drug abuse;
8. Unable to cooperate.

Withdrawal criteria
1. Lost to follow-up during the study;
2. Puncture failure or incomplete therapy;
3. Receiving other treatment regimens during the study period;
4. Unable to continue participation due to emerging severe comorbidities or special physiological changes during the study;
5. Withdrawal from study on a voluntary basis.

Figure 1 Flow chart of the patient recruitment.
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Study Interventions
PRF Procedure
The procedure will be performed by experienced pain physicians at their respective participating centers, and will follow 
the same protocol. All the enrolled patients will be placed in the supine position with the neck slightly extended on the 
computed tomography (CT) scanner bed. Heart rate, electrocardiogram and pulse oximetry will be monitored continu-
ously. Blood pressure will be measured every five minutes. The negative electrode of a Pain Management Generator 
PMG-230 (Baylis Medical Inc., Montreal, Canada) will be placed on the upper back of the patients. Puncture point will 
be identified at the surface projection point of the infraorbital foramen on the affected side, which is located at the 
intersection of the line connecting the external canthus and the midpoint of the upper lip and the vertical line through the 
ipsilateral pupil. After disinfection, local anesthesia will be performed with 1–2 mL of 1% lidocaine. Then, a 10-cm-long 
insulated PRF trocar needle with a 5-mm bare needle tip (PMF-21-100-5, Baylis Medical Inc) will be inserted until 
reaching the infraorbital foramen under the guidance of thin-slice CT (2 mm/layer, Somaton, Siemens Company, Munich, 
Germany). The radiofrequency electrode needle (PMK-21-100; Baylis Medical Inc) will be inserted into the trocar after 
removal of the stylet and confirmation of no bleeding or air when aspirated using a syringe. The sensory threshold will be 
determined through 50 hz, 0.1–0.2V electrical stimulation to induce a prickling pain sensation in the area of innervation 
of the infraorbital nerve. The depth and direction of the needle will be fine-tuned based on patient sensation to ensure 
accuracy. The standard PRF mode will be initially set at 42°C, and then the PRF output voltage will be gradually 
increased to the highest voltage that the patient can tolerate, and treatment will be continued for 360 seconds.16

PRP Procedure
The sampling kit used for PRP preparation will be II-60mL®. This sampling kit is commercialized by WEGO Ltd. Both 
the sampling and injection kits will be paid for by the patients. The same company will also provide the cellular 
centrifugation system named WG-YLJ-II®, which is double-spin LP-PRP. Under strict aseptic condition, PRP preparation 
will be performed at 22–26°C. Twenty mL of blood will be withdrawn from the median cubital vein (22-gauge, one-inch 
needle) and collected in a centrifuge test tube, gently mixed with acid citrate dextrose (ACD) as an anticoagulant in the 
ratio of 10:1.5. The tube will be labeled with identification data (name and age), and initially, the whole blood will 
undergo centrifugation at 260 g for 10 minutes and separate into 3 layers. In the second stage, the bottom layer (red blood 
cells) will be discarded, and the upper and middle layers will be aspirated and recentrifuged at 360 g for 15 minutes. 
Lastly, the remaining 2 mL of liquid-form leukocyte-poor PRP will be obtained after discarding the supernatant.21 Then, 
the PRF electrode needle will be removed and 2 mL PRP will be injected into the same puncture site through the trocar 
needle. Patients will be instructed to avoid nonsteroidal anti-inflammatory drugs (NSAIDs) 24 hours before and after 
injection, since both PRP and NSAIDs potentially affect the inflammatory cascade and may interact with and reduce the 
efficacy of PRP.30

Grouping and Additional Interventions
All interventions will comply with clinical practice guidelines. Initially, all IONa patients will continue to receive the 
same drug treatment as before. In addition to taking the lowest tolerated dose of carbamazepine, patients in the PRF alone 
group will only undergo PRF, and patients in the PRF+PRP group will also undergo PRF followed by PRP treatment. 
Intra-operative data such as vital signs, immediate complications or side effects related to the procedure will also be 
recorded in the CRF in detail. After treatment, the physician will decide whether to continue carbamazepine or not, and 
adjust the dosage of carbamazepine on the basis of pain severity and treatment efficacy. If the interventional treatment is 
effective, the total daily dose of carbamazepine will be gradually reduced by 100 mg every 7 to 14 days after pain 
relief.31 The tapering will be paused if pain recurs or severe withdrawal effects occur. If infraorbital foramen puncture 
fails, or treatment is discontinued for some reason, or if treatment is ineffective, or if patient is not satisfied with the 
therapeutic effect after one month, the patients can choose other neuropathic drugs, or switch to radiofrequency 
thermocoagulation, neurotomy or other more invasive treatments.
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Follow-up
Once a patient is enrolled, the outcome assessor will make all reasonable efforts to complete the 12-months follow-up. 
Regular outpatient and telephone follow-ups will be performed by a designated well-trained outcome assessor at 
1 day, 1 week, 1 month, 3 months, 6 months, 9 months and 12 months after the procedure to evaluate response rates, 
the total daily dose of carbamazepine, NRS score of pain, SF-12 QOL scores, patient satisfaction scores (PSS, 0 point 
indicates unsatisfactory, while 10 points indicate the most satisfactory). Adverse events (AEs, including infection, 
bleeding, dizziness, facial numbness, facial swelling, facial ecchymoma, eye injury) will be recorded by the operating 
physician in the CRFs at 30 minutes, 1 day, 1 week, 1 month, 3 months, 6 months, 9 months and 12 months after 
treatment. The detailed treatment options for patients who do not respond to the study protocol and switch to 
alternative therapies will also be recorded. All enrolled patients will be asked to record total daily dose of 
carbamazepine as either increased, decreased, or no change from the previous visit at the time of each follow-up. 
In order to maximize follow-up rate, a detailed standardized training process, including collecting detailed contact 
information, reminding and arranging visits/appointments, explaining treatment scheme at any time, providing 
gratitude will be formulated.

Data Collection and Storage
Data collection will be conducted by reviewing electronic medical records, patient visit reviews, CRFs or question-
naires. Pre-operative data, intra-operative data will be retrieved from CRFs which are filled in by the physician who 
performs the procedure. Follow-up data including time to take effect (the day on which that patients’ NRS reduction 
was >50%), analgesic effect, SF-12 scores and satisfaction assessment, operation-related AEs will be achieved via 
electronic medical records or phone calls by outcome assessors. Treatment compliance rate, treatment adherence rate, 
as well as treatment dropout rate will be recorded at the end of the study. Information about the identification of 
participants will only present as code numbers to maintain anonymity at all times, except in case of medical emergency 
or legal requirement. The final database will be stored in a research folder and will only be accessed and analyzed by 
an independent statistician.

Study Outcome
Primary Outcome
Primary outcome will be the 12-month response rate (cases responding to treatment/total number of cases*100%) after 
two different treatment protocols. The criterion of response will be a postoperative NRS reduction of >50%.

Secondary Outcome
Secondary outcome will include response rate, the total daily dose of carbamazepine, NRS scores, SF-12 QOL scores, 
PSS at 1 day, 1 week, 1 month, 3 months, 6 months, 9 months and 12 months after operation; operation-related AEs such 
as infection, bleeding, dizziness, facial numbness, facial swelling, facial ecchymoma, eye injury will be recorded at 
30 minutes, 1 day, 1 week, 1 month, 3 months, 6 months, 9 months and 12 months after treatment. The time of recurrence 
and subsequent treatment are also collected. Recurrence is defined as an NRS score greater than 50% of that after 
treatment, without the addition of oral medications.

Propensity-Score Matching (PSM)
To reduce potential confounding, a 1:1 propensity score matching analysis will be performed.32 The propensity score will 
be estimated using binary logistic regression analysis, with treatment assignment (PRP combined with PRF vs PRF 
alone) as the dependent variable and the following covariates: age, gender, BMI, education level, participant center, 
duration of disease, pain laterality, pain characteristic, history of smoking, comorbidities (hypertension, diabetes mellitus, 
coronary heart disease and cerebrovascular disease), adherence and NRS scores. Nearest neighbor matching without 
replacement will be performed, with a caliper width set at 0.02 of the propensity score. Patients undergoing PRP 
combined with PRF will be individually matched to patients undergoing PRF alone based on their propensity scores. 
Patients without a suitable match will be excluded from analysis. Balance between groups will be assessed using 
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standardized mean differences, with a threshold of <0.1 indicating adequate balance. Sensitivity analyses will be 
conducted to evaluate the robustness of the results to variations in the matching approach and potential unmeasured 
confounding.

Sample Size and Statistical Analysis
The main purpose of this study will be to observe the effectiveness of PRF combined with PRP, evaluated 12 months 
after the procedure. Our team had previously reported the 12-months effective rate of high-voltage PRF under CT 
guidance to treat trigeminal neuralgia.16 Thus, we speculate that the 12-months effective rate of high-voltage PRF 
treatment for IONa is also 73.1%. Based on our clinical experience, the effective rate of PRF with PRP was 91.5%. 
Power Analysis and Sample Size (PASS) V.15.0 software (NCSS Corporation, Kaysville, UT, USA) was used to compute 
the sample size. The results indicate that a study with a power of 80% and two-sided statistical significance level (alpha) 
of 0.05 would require 64 participants in each group. However, considering a 10% loss to follow-up and an additional 
40% loss after propensity score matching,33 the total sample size of this study will be 237 patients. And we are planning 
to enroll 120 patients in each group, considering the convenience of sample collection and statistics.

All analyses will be performed with SPSS 26.0 (IBM-SPSS Inc, Armonk, NY). The response rate will be compared 
with the modified intent-to-treat analysis (mITT). Per protocol (PP) analysis will be conducted as a supplementary 
method to maintain compliance plan. Participants will be excluded in case of violation, suspension or withdrawal from 
designated treatment. Normal distribution will be checked by the Kolmogorov–Smirnov test. Continuous variables will 
be expressed as mean ± standard deviation (SD) when normally distributed and compared by Student’s t-test, or as 
median and interquartile range (IQR) when non-normally distributed and compared by Mann–Whitney U-test. 
Categorical variables will be presented as numbers with percentages and compared by Pearson’s χ2 or Fisher’s exact 
tests (when the expected values were <5). A repeated measures analysis of variance on ranks will be performed for the 
repeated data. Bonferroni correction will be used to correct multiple comparisons. Logistic regression will be used to 
assess pain efficacy after adjusting for several confounders, and conditional logistic regression will be used in PSM 
cohort. Confounding factors will be selected with a significant difference in the univariable regression model. An interim 
analysis will be conducted to evaluate treatment efficacy and safety after completing the initial 120 patients. 
A Cohen’s d value of 0.2 will be defined as a “small effect size”, and a change in the outcome score ≥ minimum 
clinically important difference (MCID, calculated as: d×SD) will be considered clinically meaningful. A 95% confidence 
level will be used to delineate confidence interval (CI). All the variables will be presented in the results section with 
p values and 95% CI (Upper-Lower) limits. Two-sided p-value < 0.05 will be considered statistically significant.

Allocation and blinding
Since this is an observational, controlled, open-label study, patients will be allocated based on their willingness and will 
also be aware of treatment allocation to ensure well-being and safety. For maintaining objectivity, the outcome assessors 
and data statisticians will be blinded to study arm allocation and will not be involved in enrollment and treatment 
processes. To avoid bias, an independent reviewer will be included in the study, who will not be involved in the direct 
application of intervention. This will ensure that their evaluations will base solely on objective data and not be influenced 
by their involvement in the procedure.

Safety Assessment
During the study period, details of any AEs or adverse device effects reported will be documented by the operating physician 
in the CRFs. The record will include the reason, time of initiation, duration, severity, relationship with intervention, treatment 
and prognosis. The trial will be closely inspected by the Institutional Review Board (IRB). Once an AE occurs, it will be 
treated and reported to the IRB by the research team as soon as possible. Severe AEs resulting in prolonged hospitalization or 
death will also be reported to the IRB and competent authorities within 24 hours and will be terminated by the IRB, if 
necessary. Study interventions-related AEs will be treated free of charge until recovery.
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Data Monitoring Committee (DMC)
DMC will compose of experts in methodology, statistics and ethics. All members will be required to sign a conflict of 
interest statement. This experiment will be monitored by the DMC, which will be committed to ensuring the collection 
and evaluation of all data and adverse event reports. DMC will audit all data collection after including 30%, 60% and 
100% of participants. In addition, DMC will obtain mid-term results after 50% of patients are enrolled. Besides IRB, AEs 
will also report to DMC for evaluating the correlation between events and study interventions.

Results
Time Schedule
The timeline and detailed schedule of enrollment, interventions and assessments will be presented in Table 1.

Pre- and intra-operative data
Baseline information and operative parameters during operation will be compared between the PRP+PRF group and 

the PRF alone group before and after PSM (Table 2).

Clinical Outcomes
Changes in pain intensity and quality of life between the two groups before and after PSM will be presented in Table 3.

Adverse Events
The incidence of AEs including perioperative complications and AEs after procedures will be illustrated in Table 4.

Logistic Regression
The results of logistic regression of two treatment protocols on pain efficacy adjusting for potential confounders will be 
shown in Table 5.

Table 1 The Schedule of Enrollment and Assessment

Enrollment/ 
Allocation

Post-Procedure Close- 
Out

−1d 30min +1 d +1w +1M +3M +6M +9M +12m

Enrollment

Eligibility screening ×

Informed consent ×

Allocation ×

Intervention

PRP+PRF ×

PRF alone ×

Assessment

Baseline data ×

Vital signs ×

Stimulation voltage ×

Output voltage ×

Local tissue resistance ×

(Continued)
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Table 1 (Continued). 

Enrollment/ 
Allocation

Post-Procedure Close- 
Out

−1d 30min +1 d +1w +1M +3M +6M +9M +12m

Operation time ×

Response rate after treatment × × × × × × ×

Total daily dose of carbamazepine × × × × × × ×

NRS scores × × × × × × ×

SF-12 QOL scores × × × × × × × ×

PSS × × × × × × ×

Adverse events × × × × × × × ×

Abbreviations: PSM, propensity score matching; PRP, Platelet-rich plasma; PRF, Pulsed radiofrequency; BMI, Body Mass Index; IONa, infraorbital neuralgia; mg/d, milligrams 
per day; NRS, numerical rating scale; QOL, quality of life; PSS, patient satisfaction scores.

Table 2 Baseline Characteristics and Intraoperative Parameters Before and After PSM Between Two Groups

Variables Original Cohort P PSM Cohort P

PRP+PRF PRF Alone PRP +PRF PRF Alone

Baseline characteristics

Age (years)

Gender (male, %)

BMI (kg/m2)

Education level

Participant center

Duration of IONa (months)

Pain laterality

Pain characteristics

Total daily dose of carbamazepine (mg/d)

NRS scores

Hypertension

Diabetes mellitus

Coronary heart disease

Cerebrovascular disease

Smoking history

QOL scores

(Continued)
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Discussion
It is well-known that PRF alleviates neuropathic pain by generating electric field effect via high-frequency current, which 
facilitates nerve repair. Meanwhile, PRP exerts analgesic effects by promoting tissue repair and suppressing inflamma-
tion, courtesy of its abundant growth factors. Therefore, we aim to conduct this study to verify that combined application 
of PRF and PRP can achieve a more potent analgesic effect compared to PRF alone. This is a multicentric, prospective, 

Table 2 (Continued). 

Variables Original Cohort P PSM Cohort P

PRP+PRF PRF Alone PRP +PRF PRF Alone

Intraoperative parameters

50 hz stimulating voltage (v)

Output voltage (v)

Local tissue resistance (Ω)

Operation time (minutes)

Abbreviations: PSM, propensity score matching; PRP, Platelet-rich plasma; PRF, Pulsed radiofrequency; BMI, Body Mass Index; IONa, 
infraorbital neuralgia; mg/d, milligrams per day; NRS, numerical rating scale; QOL, quality of life.

Table 3 Clinical Outcomes Between Two Groups Before and After PSM

Variables Original Cohort P PSM Cohort P

PRP+PRF PRF Alone PRP+PRF PRF Alone

Time to take effect (days, x±s)

Recurrent rate (n, %)

Response rate after treatment (n, %)

1 day

1 week

1 month

3 month

6 months

9 months

12 months

Total daily dose of carbamazepine (mg/d)

1 day

1 week

1 month

3 month

6 month

(Continued)
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Table 4 Adverse Events and Complications Between Two Groups Before and After PSM (n, %)

Variables Original Cohort P PSM Cohort P

PRP+PRF PRF Alone PRP+PRF PRF Alone

Infection at the puncture site

Bleeding at the puncture site

Dizziness

Facial numbness

Thermal or tactile sensations loss

Facial swelling

(Continued)

Table 3 (Continued). 

Variables Original Cohort P PSM Cohort P

PRP+PRF PRF Alone PRP+PRF PRF Alone

9 month

12 months

SF-12 QOL scores

1 day

1 week

1 month

3 months

6 months

9 months

12 months

PSS

1 day

1 week

1 month

3 months

6 months

9 months

12 months

Treatment compliance rate

Adherence rate

Drop-out rate

Abbreviations: PSM, propensity score matching; PRP, Platelet-rich plasma; PRF, Pulsed radiofrequency; mg/d, milligrams per day; NRS, 
numerical rating scale; QOL, quality of life; PSS, patient satisfaction scores.
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observational study with a relatively large sample size, which could increase the statistical power of the main results. To 
the best of our knowledge, this study will be the first to compare the effects of combination therapy of PRP and PRF on 
IONa. For reduction of bias due to nonrandomized treatment selection, we will apply PSM to control for potential 
confounding by indication. Since the rare incidence of IONa, multiple centers are required to improve enrollment speed 
for performing PSM which needs to enroll more patients. In this study, PP analyses as well as mITT analyses will be 
performed, which indicates that the results have high reliability. Therefore, this study will provide novel directions in the 
efficacy and safety of PRP combined with PRF for IONa.

Limitation
Our study still has some limitations. Firstly, the study will evaluate the effectiveness and safety of combined PRP and 
PRF for only 1 year; a longer follow-up duration is needed to test the long-term outcome of this novel combined therapy. 
Secondly, the influences of PRP application vary greatly depending on the number of platelets, the ratio of inactivated vs 
activated platelets and the number of erythrocytes and white blood cells, etc.34 Further studies are required to determine 
which composition of PRP and various cell ratios are optimal for different types of IONa. Thirdly, the high cost of CT 
scanning and exposure to radiation will widely limit clinical accessibility of this study. Moreover, CT scanning does not 
provide real-time results. Ultrasound guidance seems to be a dynamic, safer and more economical method for future 
research. Finally, this is an observational clinical study. Although we will use PSM to enhance the study design by 
equalizing the observed covariates, it is crucial to recognize that PSM is only capable of balancing those covariates that 
are observable. Unmeasured confounding factors may still lead to biased results. Double-blind randomized controlled 
trials are needed to provide a higher level of evidence.
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Table 4 (Continued). 

Variables Original Cohort P PSM Cohort P

PRP+PRF PRF Alone PRP+PRF PRF Alone

Facial ecchymoma

Eye injury

Abbreviations: PSM, propensity score matching; PRP, Platelet-rich plasma; PRF, Pulsed radiofrequency.

Table 5 Multivariable Logistic Regression of Two Treatment Protocols on Pain Efficacy Before and After PSM

Original Cohort P PSM Cohort P

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Two treatment protocols

PRP+PRF

PRF alone

Abbreviations: PSM, propensity score matching; PRP, Platelet-rich plasma; PRF, Pulsed radiofrequency; OR, Odd ratio; CI, Confidence Interval.
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