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Background: To evaluate the efficacy and safety of Phellinus linteus (PL) extract for the treatment of knee 
osteoarthritis (KOA) a pilot clinical study was performed.
Methods: There were 24 patients with KOA who enrolled in this double-blind, randomized, controlled, 
clinical trial. There were 3 groups: PL 1,000 mg/day (PL 1,000), PL 1,500 mg/day (PL 1,500), and dextrin 
3,000 mg/day (placebo). Patients took capsules twice a day, 3 capsules at a time, over 8 weeks. Patients were 
monitored prior to treatment (Visit 1: Week 0), and followed up every 4 weeks (Visit 2: Week 4 and Visit 3: 
Week 8) where outcome measurements were taken. The primary outcome measure was the score from the 
Korean version of the Western Ontario and McMasters Universities from baseline to Week 8. The secondary 
outcomes were measurements from the visual analog scale, quality of life scale, erythrocyte sedimentation, 
and c-reactive protein. Adverse events were recorded at every visit.
Results: The Korean version of the Western Ontario and McMasters Universities score showed the 
greatest improvement in symptoms of KOA in the PL 1,500 group compared with the placebo group. The 
erythrocyte sedimentation tended to decrease in the PL 1,500 group compared with the placebo group 
(which was within the normal range). The visual analog scale score decreased in all groups, with no significant 
differences between groups. No adverse events related to PL were reported. There were no abnormal 
hematological or physical findings.
Conclusion: This pilot clinical trial was the f irst step to assess the efficacy and safety of PL used in the 
treatment of patients with KOA.

©2022 Korean Acupuncture & Moxibustion Medicine Society. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

ABSTRACT

Introduction

In modern society, as society gradually becomes an aging society, 
the problem of chronic disease is also emerging. Knee osteoarthritis 
(KOA) is the most common form of degenerative arthritis. It is 
characterized by pain and functional limitations due to wear of 
articular cartilage, and affects the patient’s physical, mental, and 
social health [1]. Degenerative changes in articular cartilage occur 
mostly in elderly people over the age of 55 and are exacerbated by 
aging, knee joint lesions and injuries, varus and valgus deformities, 

infections, or other mechanical load associated with arthritis. 
Initially pain and discomfort in the knee joint appears and as 
arthritis progresses, it is diff icult to walk or stand, and synovial 
hypertrophy, joint effusion, muscle spasms, muscle atrophy, 
restriction of motion, and joint lock may occur [2].

Currently, treatment of osteoarthritis focuses on relieving 
symptoms by reducing the pain and swelling. Treatment methods 
commonly used include pharmacological drugs, physical treatment, 
surgery, steroid injection treatment, and non-steroidal anti-
inflammatory drugs (NSAIDs) [3,4]. Osteoarthritis is a chronic 
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disease where most NSAIDs are taken for a long time which may 
cause side effects such as gastrointestinal side effects and kidney 
toxicity [5]. For this reason, the demand for medicines that are safe 
for long-term use and are effective is gradually increasing [6,7]. In 
line with this trend, various studies on osteoarthritis using herbal 
medicines or natural products have recently been conducted in 
Korea [8].

Phellinus linteus (PL) sanghuang is a medicinal mushroom 
extract known for anticancer and immune enhancing properties. 
Ergosterol, contained in PL, inhibits the formation of new blood 
vessels and blocks the supply of nutrients to growing tumors, 
thereby inhibiting the growth of cancer [9]. In a study where a rat 
model of osteoarthritis (MIA-induced) examined the effect of PL 
treatment by measuring changes in hind limb weight bearing, a 
significant beneficial difference was reported between treatment and 
control conditions [10]. The effect of PL in osteoarthritis has not 
been determined in clinical studies in Korea. 

To investigate the efficacy of PL on KOA (in patients had knee 
pain for more than 6 months), a pilot clinical study was performed 
using PL 1,000 mg/day or PL 1,500 mg/day or dextrin 3,000 mg/
day for 8 weeks and outcome measures [Korean Western Ontario 
and Mcmaster Universities (K-WOMAC), visual analogue scale 
(VAS), Euro quality-of-life 5 dimension (EQ-5D), erythrocyte 
sedimentation (ESR), and c-reactive protein (CRP)] were assessed.

Materials and Methods

Patients

Patients were openly recruited from March 13, 2020 to 
June 5, 2020 through the ins and out-of-hospital recruitment 
announcements of Cheonan Korean Medicine Hospital of Daejeon 

University. Inclusion and exclusion criteria are shown in Table 1. 
Patients who participated received a detailed explanation, gave 
signed written consent, and were enrolled into the study. The 
double-blind, randomized, controlled, clinical trial was conducted 
at the clinical trial center of Cheonan Korean Medicine Hospital of 
Daejeon University, and was conducted under the approval of the 
Institutional Bioethics Committee of Cheonan Korean Medicine 
Hospital of Daejeon University based on the declaration of Helsinki 
(approval no.: DJUMC-2019-BM-11-2).

Materials

The PL [Korea New Drug Co., Ltd. (www.hsp.co.kr, Korea)] 
strains were isolated from the fruiting bodies of PL and were 
passaged (yeast extract 4, malt extract 10, and glucose 4 g/L 
medium), and incubated at 29 ± 1°C for about 15 days. Thereafter, 
the sub cultured strain was fragmented using a cork borer, 
suspended in sterilized distilled water, and cultured in a shaking 
incubator at 29 ± 1°C for 6 days. The cultured primary seed was 
inoculated into a 14 L fermenter, and purified water was added 10 
times to the mycelium obtained by mass cultivation, followed by 
extraction at 100°C for 15 hours. After filtering the extract, it was 
concentrated to 30 brix at a rate of 2 kL per hour. After adding 
alcohol, the precipitated precipitate, and an excipient (dextrin) were 
mixed, spray-dried, and collected to be used.

Study design

This pilot clinical trial was conducted as a double-blind, 
randomized, and controlled comparative trial. For randomization, 
patients were assigned 1:1:1 to the test group and the control 
group using a block randomization method. The randomization 

Inclusion criteria

1. 40-75-year-old male and female with knee pain for 6 mo or more 
2. A Kellgren-Lawrence grading scale of Grade 1 or Grade 2 on both knees using X-ray examinations
3. If patient is taking arthritic medications, patient has not changed his/her medication within the past mo
4. Patient who agrees to participate in the study and signs the informed consent form

Exclusion criteria

1. A patient who is currently being treated for clinically significant acute or chronic conditions/diseases: cardiocerebrovascular system, immune system, respiratory system, 
hepatobiliary system, kidney and urinary system, nervous system, musculoskeletal disorders, mental, infectious, and blood and tumor 
2. A person whose arthritis is due to a specific factor other than degenerative 
3. Those who have a history of fractures of the lower limb within the last 3 mo
4. Those who have creatinine level in the blood that is > twice the normal upper limit of the organ
5. A patient who has received an intra-articular injection with hyaluronic acid or steroids within 3 mo of the study
6. Those who have an AST or ALT level that is 3 x higher than normal upper limit in the blood
7. Those who have uncontrolled hypertension (over 160/100 mmHg)
8. Patients taking medication for psychiatric disorders
9. Those who have been taking herbal medicine for the last 2 w
10. Those who have received other research drugs within the last 4 w
11. Individuals who must continue to take drugs that they think may affect the results of this clinical trial
12. Those who have a history of gastrointestinal resection
13. Those who have had artificial joint surgery
14. Those who are pregnant or breastfeeding
15. Is an alcoholic or has alcoholic drinks > 4 times/w
16. Persons with hypersensitivity to the research food or its components
17. Any other researcher deemed inappropriate for this test

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 1. Study Criteria.
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details were generated by a statistician using nQuery Advisor 7.0 
(or SAS Version 9.0 or SPSS Version 21.0), and the statistician put 
the randomization details for each patient in a non-permeable bag 
which was sealed, and supplied to the research manager. The test 
group and the control group were classified into 3 groups (Table 2), 

and 8 patients were assigned to each group. Patients took capsules for 
clinical trials twice a day, 3 capsules at a time, and the total duration of 
drug administration for each participant was 8 weeks (Table 3).

The primary outcome measure was the K-WOMAC scores 
from baseline to Week 8. The secondary outcomes were scores 

Treatment 

Group 1 (PL 1,000) PL 1,000 mg/d

(500 mg per 1 capsule = PL 167 mg, dextrin 333 mg)

Group 2 (PL 1,500) PL 1,500 mg/d

(500 mg per 1 capsule = PL 250 mg, dextrin 250 mg)

Control 
Placebo Dextrin 3,000 mg/d

(500 mg per 1 capsule = dextrin 500 mg)

PL, Phellinus linteus. 

Table 2. Intervention Description.

Study period

Screening Visit 1 Visit 2 Visit 3

-2-0 Week* 0 Week 4* Week 8*

Enrollment

Investigation of demographic information √

Eligibility screen √

Informed consent √

Allocation √

Interventions

PL 1,000 mg √ √

PL 1,500 mg √ √

Placebo √ √

Assessments

K-WOMAC √ √ √

EQ-5D √ √ √

VAS √ √ √

Checking both knee X-ray √

AST, ALT, ALP, GGT, total cholesterol, glucose, total bilirubin, BUN, 
creatinine, CRP, ESR, CBC √ √ √

RA factor, uric acid √

TG, HDL, LDL, Na, K, Cl √ √

Checked for adverse events √ √

Confirmation of concomitant medicine change √ √ √

Confirmation of medication adherence √ √

* The error range for each visit was set to ± 8 days.
√, scheduled interventions or assessments were conducted.
K-WOMAC, Korean Western Ontario and Mcmaster Universities; VAS, visual analogue scale; EQ-5D, Euro quality-of-life 5 dimension; ASL, aspartate transferase; ALT, alanine 
transferase; ALP, alkaline phosphatase; GGT, ; BUN, blood urea nitrogen; CBC, complete blood count; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; ESR, erythrocyte sedimentation; CRP, c-reactive protein.

Table 3. Study Schedule and Outcome Measurements.
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from the VAS, EQ-5D-3L, the ESR, and the level of CRP. The 
outcomes were measured values before treatment (Visit 1), during 
(Visit 2), and at the end of treatment (Visit 3). In addition, in 
order to compensate for the small number of patients, the pooled 
standard deviation and effect size of the validity evaluation variables 
were calculated. In this pilot study, the effect size was presented as 
Cohen's d value calculated by dividing the difference between the 
mean values of the 2 groups by the integrated standard deviation in 
order to standardize the difference between the means of the groups 
to be compared as previously described [11].

Statistical analysis

For statistical analysis, an independent t test was performed 
when the data were normally distributed to test the difference in 
the continuous variable between the 2 groups, and the Analysis 
of Variance (ANOVA) test was performed otherwise. To test the 
difference according to the timepoint within the group, a paired t 
test was performed if the data followed a normal distribution, and 
a Wilcoxon's signed rank test was performed otherwise. Shapiro-
Wilk's test was used to test the normality of continuous variables, 
and the significance level for statistical significance test was 5%. When 
a missing value occurs for an evaluation variable or when a patient 
dropped out before the end of the trial, data analysis was performed 
with the most recently measured data as if it were obtained at that 
point in time (Last Observation Carried Forward Analysis).

Results

Patients’ general characteristics

There were 25 individuals recruited for this clinical trial who were 

screened, of which 24 were enrolled and randomized to a group: 
PL 1,000, n = 8; PL 1,500, n = 8; and Placebo: n = 8. During the 
study, 2 individuals from the placebo group and 1 from the PL 
1,500 group dropped out, leaving a total of 21 who completed the 
study (Fig. 1). There was no statistically significant difference in 
the patients’ general characteristics and baseline assessment values 
(Tables 4, S1 and S2).

K-WOMAC

There was a difference in homogeneity between the 3 groups on 
Visit 1 using the primary outcome assessment K-WOMAC, so the 
results were analyzed using the amount of change between groups. In 
comparison between groups using K-WOMAC scores, the amount 

Fig. 1. Study flow chart.

Variable Placebo
(n = 6)

PL 1,000
(n = 8)

PL 1,500
(n = 7) p

Sex
Male 0 (0.0) 1 (12.5) 0 (0.0)

0.426*
Female 6 (100.0) 7 (87.5) 7 (100.0)

Alcohol consumption

No 5 (83.3) 7 (87.5) 7 (100.0)

0.556*Moderate 1 (16.7) 1 (12.5) 0 (0.0)

Heavy 0 (0.0) 0 (0.0) 0 (0.0)

Smoking

No 6 (100.0) 7 (87.5) 7 (100.0)

0.426*Past 0 (0.0) 1 (12.5) 0 (0.0)

Present 0 (0.0) 0 (0.0) 0 (0.0)

Age (y) 56.83 ± 7.78 56.13 ± 8.61 57.29 ± 3.77 0.950†

Weight (kg) 60.48 ± 10.66 60.65 ± 7.04 56.19 ± 8.71 0.564†

Height (cm) 154.20 ± 5.75 155.96 ± 5.21 155.49 ± 4.02 0.950‡

Data are presented as n (%) or mean ± SD.
* p values were derived from Chi-square test.
† p values were derived from ANOVA.
‡ p values were derived from Kruskal-Wallis test.

Table 4. Demographic Characteristics.
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of change was -6.67 ± 19.71 in the placebo group, -0.5 ± 8.47 in 
the PL 1,000 group, and -17.14 ± 19.10 in the PL 1,500 group. The 
mean difference between the treatment group and the placebo group 
was 10.47. In the PL 1,500 group, the K-WOMAC value showed a 
tendency to decrease after 8 weeks compared with the baseline. There 
was no significant difference between the groups (S3 and 4).

VAS

In the intra-group comparison, the amount of VAS score change 
was -20.17 ± 16.59 (p = 0.031) in the placebo group, -19.38 ± 
10.88 (p = 0.001) in the PL 1,000 group, and -20.14 ± 29.78 in the 
PL 1,500 group. In all 3 groups, the VAS value showed a tendency 
to decrease after 8 weeks compared with the baseline, but there was 
no significant difference between the groups (S3 and 4).

ESR

In comparison between groups, the amount of ESR change was 
1.83 ± 4.26 in the placebo group, -0.38 ± 2.88 in the PL 1,000 
group, and -1.86 ± 4.1 in the PL 1,500 group. In the PL 1,500 
group, the ESR value decreased most signif icantly after 8 weeks 
compared with the baseline and compared with the placebo group 
(S3 and 4).

EQ-5D-3L

The amount of EQ-5D-3L change within and between groups 
was -0.01 ± 0.09 in the placebo group, 0.03 ± 0.08 in the PL 
1,000 group, and 0.07 ± 0.09 in the PL 1,500 group. There was no 
significant difference between groups (S3 and 4).

CRP

In the intra-group and inter-group comparisons, the amount of 
CRP change was -0.05 ± 0.62 in the placebo group, -0.01 ± 0.12 in 
the PL 1,000 group, and 0.27 ± 0.47 in the PL 1,500 group. There 
was no significant difference between groups (S3 and 4).

Safety assessment

In this clinical trial, a total of 3 adverse reactions were reported 

in 3 patients (12.5%), and the details are shown in Table 5. 
Mild adverse reactions included symptoms of indigestion and 
constipation, but it was judged that there was no causal relationship 
with PL. There were no serious adverse reactions (S3 and 4).

Discussion

Osteoarthritis, also referred to as degenerative osteoarthritis, is 
one of the most common types of arthritis, resulting in pain and 
inflammation mainly due to degenerative damage to the cartilage, 
which plays a role in protecting joints [12]. Among the commonly 
used pharmaceutical drug treatments for osteoarthritis, NSAIDs 
inhibit cyclooxygenase-2 (COX-2) [13]. COX-2 is an inducible 
enzyme expressed by inflammatory cells and is not present in 
normal tissues. It regulates the production of prostaglandin, which 
plays an important role in inflammation or pain, and the expression 
of COX-2 has been reported to be increased 10 to 80 times in 
the inflamed area [14]. However, long-term use of NSAIDs has 
been reported to worsen arthritis by reducing the synthesis of 
glycosaminoglycans, and this is in addition to an increased risk of 
heart failure and kidney impairment in some types of patients [15]. 
For these reasons, interest in safe and effective natural products is 
gradually increasing.

The main components of PL (sanghuang) are polysaccharides 
which have antitumor, immune enhancement, and anti-
inflammatory effects [16]. In general, the polysaccharides 
contained in PL include glucans, schizophyllan, heteroglycan, 
lentinan, krestin, and galactomannan, and their efficacy in treating 
a condition/disease may vary depending on the relative content 
of these ingredients [17]. PL has been reported to have anti-
cancer and immune functions with detailed mechanisms for anti-
inflammatory functions being actively pursued [18]. Beta-glucan 
is a key ingredient in the anti-inflammatory effect of PL, and it is 
thought that the polysaccharides from PL determine the efficacy of 
PL [19].

As such, several studies have revealed the anti-inflammatory effect 
of PL, but no clinical studies in Korea that evaluated the efficacy of 
PL on the human body have been reported. Therefore, this pilot 
clinical trial planned to investigate the effect of PL on KOA. In this 
pilot study, the efficacy and safety were measured and compared in 
adults aged 40 to 75 years with knee pain (6 months or longer) after 
taking PL or placebo for 8 weeks.

Symptom

No. of occurrences

Severity* Causal relationship with test drug† Group
Number % R-

number

Indigestion 1 33.3 001 A 3 PL 1,000

Constipation 1 33.3 018 A 4 PL 1,500

Cystitis 1 33.3 019 B 5 PL 1,000

Total 3 100 - - - -

* A-Mild, B-Moderate, C-Severe. 
† 1-Clearly related, 2-Thought to be relevant, 3-Likely to be related, 4-Not considered relevant, 5-Clearly not relevant, 6-Unknown. 

Table 5. Adverse Events.
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K-WOMAC was selected as a tool to evaluate the eff icacy of 
PL treatment on KOA. It is a questionnaire for arthritis and joint 
disease, and it is reported that the reliability and validity of pain 
measurement are high due to the instrument validity and sensitivity 
to change [20]. In addition, unlike other survey tools, the WOMAC 
index consists of 24 questions on functional limitations related to 
knee pain, and can be evaluated in detail by integrating functional 
disorders related to knee pain and the degree of restriction of 
specific movements [21]. This assessment tool measures 5 types of 
pain-related activities, 2 types of stiffness, and 17 types of physical 
activity. The higher the score, the worse the symptoms and the more 
restricted the individual’s activity [22]. Due to these characteristics, 
K-WOMAC is widely used as a tool to evaluate pain and daily 
living functions in patients with arthritis knee pain. In this study, as 
a result of analyzing the amount of change in K-WOMAC scores 
before/after taking PL, the PL 1,500 group showed a tendency to 
change significantly compared with the placebo group.

To measure changes in knee pain, the VAS was selected as the 
secondary outcome evaluation of efficacy. This is a method in which 
the patient indicates the level of pain on a straight 10 cm line with 
the worst imaginable pain to the far right (VAS score of 10). The 
VAS is often used as a pain evaluation index because it is easy to 
use for the patient, and scoring can minimize the involvement of 
the researcher. It has been reported to be statistically sensitive, such 
that it can confer significance even when the target group is small 
or the difference between groups is small [23]. In this study, as a 
result of analyzing the amount of change in the VAS score before/
after treatment, the VAS value in all 3 groups showed a tendency 
to decrease after 8 weeks compared with the baseline. The change 
before/after treatment was statistically significant in the placebo 
group, and the PL 1,000 group, but not statistically significant in 
the comparison between groups.

The EQ-5D-3L was selected as an outcome evaluation tool to 
measure quality of life. Among several tools for measuring health-
related quality of life, EQ-5D-3L is one of the most widely used 
tools because it is simple and it is easy to measure overall health-
related quality of life [24,25]. In this study, the change in the 
EQ-5D-3L score before/after treatment was not statistically 
significantly different when comparing within and between groups.

When the results of the K-WOMAC, VAS, and EQ-5D-3L 

were analyzed, the results of the 3 eff icacy evaluation variables 
showed different trends for each of the 3 groups. This may be 
because the study was conducted with a small sample size. Since the 
purpose of this pilot study was to explore the efficacy of PL, it seems 
appropriate to report the tendency of change after taking PL. 

In addition, CRP and ESR were selected as secondary outcome 
evaluation variables measuring eff icacy for the evaluation of 
arthritis. ESR is an indirect indicator of inflammation and is 
affected by fibrinogen, immunoglobulins, rheumatoid factors, age, 
sex, and anemia [26]. On the other hand, CRP, as a direct indicator 
of inflammation, is mainly produced in the liver by interleukin-1 
and interleukin-2, and unlike ESR, it is not affected by other 
factors [27]. Since normal levels of ESR and CRP are the standard 
for knee osteoarthritis, it seems appropriate to maintain normal 
ESR and CRP values before/after taking the drug. As a result of 
analyzing the amount of change in ESR and CRP before/after drug 
administration in this study, both ESR and CRP changed within 
the normal range in all 3 groups. 

During the test period, 8 patients in the PL 1,000 group, 8 
patients in the PL 1,500 group, and 8 patients in the placebo group 
who took the test drug (at least once) were evaluated for safety by 
evaluating vital signs and performing hematological tests during the 
test period. There were cases of adverse reactions occurring during 
the trial period, but it was judged that there was no association with 
the investigational drug, and there were no serious adverse reactions. 
There were no dropouts due to adverse reactions. In addition, safety 
was confirmed by analysis of hematological test results and physical 
examination.

In this pilot clinical study, not only the p value but also the 
effect size was calculated when statistically analyzing the efficacy 
evaluation variable (Table 6). The p value commonly used in 
medical research provides only a binary judgment of statistical 
significance and has a limitation that it is affected by the number 
of samples. In contrast, the effect size can be interpreted on a 
continuous line, and is not affected by the number of samples, so 
even in clinical studies with a small number of samples, the actual 
difference between the groups to be compared can be determined 
[11]. As a result of calculating the effect size in this study, the effect 
size for the K-WOMAC amount of change in the PL 1,500 group 
was 0.54, which suggests the possibility that PL would be effective 

Variable
PL 1,000 PL 1,500

pooled SD effect size pooled SD effect size

K-WOMAC 13.15 -0.47* 19.38 0.54*

VAS 13.26 -0.06* 23.78 0.00*

ESR 3.46 0.64* 4.17 0.88*

EQ-5D-3L 0.08 -0.48* 0.09 -0.89*

CRP 0.33 -0.12* 0.54 -0.59*

K-WOMAC, Korean Western Ontario and Mcmaster Universities; VAS, visual analogue scale; ESR, erythrocyte sedimentation; EQ-5D-3L, Euro quality-of-life 5 dimension; 
CRP, c-reactive protein.
* Effect sizes were derived from Cohen's d and compared with the placebo group.

Table 6. Effect Size and Pooled SD for Outcome Variables.
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for KOA even if it was not statistically significant.
Comprehensively, as a result of analyzing the amount of change 

in the K-WOMAC, VAS, EQ-5D-3L, ESR and CRP, it is expected 
that PL can help ease the symptoms of knee arthritis. In particular, 
in the K-WOMAC scores, it was confirmed that the PL 1,500 
group had a greater tendency to change than the placebo group and 
had a considerable effect size. However, there was not homogeneity 
between the 3 groups using the K-WOMAC scores. It seems that 
errors should be prevented by including not only the Kellgren and 
Lawrence grade but also the intensity of pain such as the VAS score 
or Numeral Rating Scale score in the inclusion criteria. In addition, 
this clinical trial was limited in its power which was low due to its 
small sample size, but this clinical trial was a pilot clinical study, 
and its purpose is to explore eff icacy and safety, and to estimate 
the dose and sample size of future clinical studies. In addition, 
the effect size of 0.54 was confirmed in the K-WOMAC scores 
among the eff icacy evaluation variables, and safety for mid- to 
long-term administration was also confirmed by recording adverse 
reactions, clinical laboratory tests, and interviews. As a result of the 
exploration for the efficacy of PL for confirmatory clinical studies in 
the future, it is appropriate to set the dosage of PL to 1,500 mg/day, 
the dose of the PL 1,500 group, which showed a tendency to change 
significantly more than the placebo group in the amount of change 
in the K-WOMAC score. Based on this pilot clinical study, the 
efficacy PL on KOA may be determined in the future with larger, 
randomized controlled trials.

Supplementary Materials

Supplementary material is available at doi:https://doi.org/
10.13045/jar.2022.00010 .

Conflicts of Interest

The authors have no conflicts of interest to declare.

Funding

None.

Ethical Statement

This research did not involve any human or animal experiments.

Data Availability

All relevant data are included in this manuscript.

References

 [1]  Lapsley HM, March LM, Tribe KL, Cross MJ, Brooks PM. Living with 
osteoarthritis: Patients expenditures, health status and social impact. 
Arthritis Rheum 2001;45:301-306.

 [2]  Korean Orthopaedic. Orthopaedics, 8th ed. Seoul (Korea): The Newest 
medicine co; 2020. p. 195-201. [in Korean].

 [3]  Walter R Frontera, Julie K Silver, Thomas D Rizzo. Essentials of Physical 
Medicine and Rehabilitation, 4th ed. Elsevier; 2018. p. 580-585.

 [4]  Yang KGA, Saris DBF, Dhert WJA, Verbout AJ. Osteoarthritis of the knee: 
Current treatment options and future directions. Cur Orthop 2004;18:311-
320. 

 [5]  Kim HA. The Management of Arthritis. J. Korean Med Assoc 2007;50:743-
750. [in Korean].

 [6]  Babu NP, Pandikumar P, Ignacimuthu S. Anti-inflammatory activity of 
Albizia lebbeck Benth., an ethnomedicinal plant, in acute and chronic 
animal models of inflammation. J Ethnopharmacol 2009;125:356-360. 

 [7]  Jia W, Gao W, Cui N, Xiao P. Anti-inflammatory effects of an herbal 
medicine (Xuan-ju agent) on carrageenan-and adjuvant-induced paw 
edema in rats. J Ethnopharmacol 2003;89:139-141. 

 [8]  Kim JH, Yoon YS, Lee WJ, Ko HJ, Kim SJ. A Systematic Review of Herbal 
Medicine Treatment for Knee Osteoarthritis. J Korean Med 2019;29:47-60. 
[in Korean].

 [9]  Kim HM, Lee DH. Characterization of anti-inflammation effect of aqueous 
extracts from Phellinus baumii. Korean J Mycol 2010;38:179-183. [in Korean].

 [10]  Ku YH, Lee H, Ryu HW, Kang JH. A clinical pilot study to evaluate the 
efficacy of oral intake of phellinus linteus(sanghuang) extract on knee joint 
and articular cartilage. Medicine 2020;99:e18912. 

 [11]  Francis SN. Understanding effect sizes. Hanyang Med Rev 2015;35:40-43. 
 [12]  van der Kraan PM, van den Berg WB. Osteoarthritis in the context of ageing 

and evolution: Loss of chondrocyte differentiation block during ageing. 
Ageing Res Rev 2008;7:106-113. 

 [13]  Nesse RM, Schulkin J. An evolutionary medicine perspective on pain and its 
disorders. Philos Trans R Soc Lond B Biol Sci 2019;374:20190288. 

 [14]  Graham GG, Davies MJ, Day RO, Mohamudally A, Scott KF. The 
modern pharmacology of paracetamol: Therapeutic actions, mechanism 
of action, metabolism, toxicity and recent pharmacological f indings. 
Inflammopharmacology 2013;21:201-232.

 [15]  Sohal RS. Role of oxidative stress and protein oxidation in the aging process 
1,2. Free Radic Biol Med 2002;33:37-44. 

 [16]  Chang ZQ, Oh BC, Rhee MH, Kim JC, Lee SP, Park SC. Polysaccharides 
isolated from Phellinus baumii stimulatemurine splenocyte proliferation 
and inhibit thelipopolysaccharide-induced nitric oxide production in 
RAW264.7 murine macrophages. J Microbiol Biotechnol 2007;23:723-727.

 [17]  Jang BS, Kim JC, Bae JS, Rhee MH, Jang KH, Song JC et al. Extracts of 
Phellinus gilvus and Phellinus baumii inhibit pulmonary inflammation 
induced by lipopolysaccharide in rats. Biotechnol Lett 2004;26:31-33. 

 [18]  Mu MM, Chakravortty D, Sugiyama T, Koide N, Takahashi K, Mori I 
et al. The inhibitory action of quercetin on lipopolysaccharide-induced 
nitric oxide production in raw 264.7 microphage cells. J Endotoxin Res 
2001;7:431-438. 

 [19]  Kim BC, Jeon WK, Hong HY, Jeon KB, Hahn JH, Kim YM et al. The 
anti-inflammatory activity of Phellinus linteus is mediated through the 
PKCdelta/Nrf2/ARE signaling to up-regulation of heme oxygenase-1. J 
Ethnopharmacol 2007;113:240-247. 

 [20]  McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC): A review of its utility and 
measurement properties. Arthritis Rheum 2001;45:453-461. 

 [21]  Jinks C, Jordan K, Croft P. Measuring the population impact of knee 
pain and disability with the Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC). Pain 2022;100:55-64. 

 [22]  Dougados M. Monitoring osteoarthritis progression and therapy. 
Osteoarthritis Cartilage 2004;12 Suppl A:S55-60. 

 [23]  Hartrick CT, Kovan JP, Shapiro S. The numeric rating scale for clinical pain 
measurement: a ratio measure? Pain Pract 2003;3:310-316. 

 [24]  Nordlund A, Ekberg K, Kristenson M. EQ-5D in a general population 
survey: A description of the most common reported EQ-5D health stated 
using SF-36. Qual Life Res 2005;14:1099-1109. 

 [25]  Kim MH, Cho YS, Uhm WS, Kim SH, Bae SC. Cross-cultural adaptation 
and validation of the Korean version of the EQ-5D in patients with 
rheumatic diseases. Qual Life Res 2005;14:1401-1406. 

 [26]  Patil MVK, Kandhare AD, Bhise SD. Anti-arthritic and anti-inflammatory 
activity of Xanthium srtumarium L. ethanolic extract in Freund's complete 
adjuvant induced arthritis. Biomedicine and Aging Pathology 2012;2:6-15. 

 [27]  Rhodes B, Barbara GF, Timothy JV. C-reactive protein in rheumatology: 
Biology and genetics. Nature Reviews Rheumatology 2011;7:282-289. 


