Clinical Medicine Insights: Arthritis and
Musculoskeletal Disorders

Volume 13: 1-8

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1179544120948471

®)SAGE

The Efficacy and Safety of Highly-Bioavailable
Curcumin for Treating Knee Osteoarthritis:
A 6-Month Open-Labeled Prospective Study

Yasuaki Nakagawa'"®’, Shogo Mukai', Shigeru Yamada,
Satoru Murata?, Hiromitsu Yabumoto!, Takahiro Maeda!
and Shota Akamatsu'’

Department of Orthopedic Surgery, National Hospital Organization, Kyoto Medical Center, Kyoto,
Japan. 2Department of Orthopedic Surgery, Goshohigashi Clinic, Kyoto, Japan.

ABSTRACT

BACKGROUND: We previously developed a surface-controlled water-dispersible form of curcumin that we called Theracurmin®. The area
under the blood concentration-time curve (AUC) of Theracurmin in humans was 27-fold higher than that of curcumin powder. Previously, we
reported on the anti-inflammatory effects of Theracurmin for knee osteoarthritis.

HYPOTHESIS/PURPOSE: We determined the clinical effects of orally administered Theracurmin in patients with knee osteoarthritis over a
6-month period.

STUDY DESIGN: Open prospective study.

METHODS: Fifty patients Kellgren-Lawrence grade I, Ill, or IV knee osteoarthritis who were above 40years old were enrolled in this clinical
study. Theracurmin containing 180 mg/day of curcumin was administered orally every day for 6months. To monitor for adverse events, blood
biochemistry analyses were performed before and after 6 months of each intervention. The patients’ knee symptoms were evaluated at 0, 1,
2, 3, 4, 5, and 6months based on the Japanese Knee Osteoarthritis Measure, the knee pain visual analog scale, and the knee scoring sys-
tem of the Japanese Orthopedic Association.

RESULTS: Five cases dropped out during the study, but no cases dropped out because of major problems. No major side effects were
observed with Theracurmin treatment, including the blood biochemistry analysis results. The effective group included 34 cases (75.6%),
while the not-effective group included 11 cases.

CONCLUSION: This study demonstrates the safety and good efficacy of Theracurmin for various types of knee osteoarthritis. Theracurmin
shows great potential for the treatment of human knee osteoarthritis.
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Introduction
Hip or knee osteoarthritis, which is also referred to as degen-
erative joint disease, is a slow destructive process of the joints
that affects millions of people worldwide. Although the exact
biochemical cause of osteoarthritis remains unknown, the pro-
cess usually begins with abnormal joint structures or with unu-
sually high stress placed on joint surfaces. Hip, knee, or other
types of joint osteoarthritis are long-term conditions mostly
treated with analgesics and nonsteroidal anti-inflammatory
drugs (NSAIDs); however, these drugs sometimes cause seri-
ous gastrointestinal and cardiovascular adverse events, particu-
larly with long-term use.!? Thus, there is a need for
disease-modifying agents that not only decrease joint pain but
also slow the progression of the condition.

Curcumin is a polyphenol extracted from turmeric, which has
been safely used in foods, such as curry, for a long time.3

Curcumin is a promising therapeutic food material because of its
anti-inflammatory and anti-oxidative functions; it has long been
used as an anti-inflammatory treatment in traditional Chinese
and Ayurvedic medicine.® Curcumin regulates various biochem-
ical and molecular pathways by modulating several molecular
targets, including transcription factors, cytokines, enzymes, and
genes, that regulate cell proliferation or apoptosis.* The anti-
inflammatory effect of curcumin seems comparable with those
of steroidal drugs and NSAIDs such as indomethacin and phe-
nylbutazone.” Some studies have shown that curcumin’s anti-
inflammatory properties were related to the suppression of
prostaglandin synthesis by its effect on cyclooxygenase (COX),°
a key enzyme responsible for the conversion of arachidonic acid
to prostaglandins. Curcumin has also been shown to inhibit pro-
teasome activity and induce apoptosis in human colon cancer
cells in vitro and in vivo.” Moreover, an important mechanism of
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curcumin is its inhibition of nuclear factor kappa B (NF-kB)
activation,® which is a key event in the long-term inflammatory
process. Based on these findings, curcumin is expected to be
effective for a range of diseases related to long-term inflamma-
tion, including cancer, cardiovascular disease, metabolic syn-
drome, Alzheimer’s disease, osteoarthritis, and other common
diseases and aging conditions.3**10 Furthermore, curcumin can
be a potent inhibitor of the production of inflammatory and
catabolic mediators by chondrocytes.” As osteoarthritis and
related osteoarticular conditions of the synovial joints are char-
acterized by inflammation, curcumin’s biological actions in joint
tissues may facilitate the development of clinically safe, orally
administered therapeutic agents for treating joint diseases.

However, curcumin’s poor bioavailability has been an obsta-
cle to realizing its beneficial health effects because only a small
amount of curcumin is absorbed via oral administration.!* To
overcome the bioavailability problem, we previously developed
a surface-controlled water-dispersible curcumin that we
named it Theracurmin® (Theracurmin: Theravalues, Tokyo,
Japan).1?2 The absorption efficacy of Theracurmin was investi-
gated and compared with that of curcumin powder. In rats, the
area under the blood concentration-time curve (AUC) after
the oral administration of Theracurmin was more than 40-fold
higher than that of curcumin powder. In healthy human vol-
unteers, the AUC of Theracurmin was 27-fold higher than
that of curcumin powder. These findings demonstrate
Theracurmin’s significantly higher bioavailability compared to
currently available curcumin preparations. Thus, Theracurmin
is believed to be useful for providing the clinical benefits of
curcumin in humans.

In our previous study, we conducted a randomized, double-
blinded, placebo-controlled, prospective clinical study of the
efficacy of Theracurmin, which is a highly bioavailable form of
curcumin, in patients with osteoarthritis.’® The knee pain vis-
ual analog scale (VAS) scores were significantly lower in the
patients treated with Theracurmin than in those treated with
placebo at 8weeks among those who had initial VAS scores
>0.15. The same tendency was displayed in the total Japanese
Knee Osteoarthritis Measure (JKOM)!* score and its subcat-
egory scores, including pain and stiffness in the knees, condi-
tions in daily life, general activities, and health conditions.
Moreover, Theracurmin = significantly lowered celecoxib
dependence compared to placebo. These results suggest that
Theracurmin may decrease knee osteoarthritis pain and dis-
comfort and may improve patients’ general condition and qual-
ity of daily life. As osteoarthritis is a slowly progressive and
long-term condition that decreases quality of life, agents such
as Theracurmin, which is also a common food ingredient that
is mildly effective with no major side effects, have modest
potential for the treatment of human knee osteoarthritis.

The purpose of this study was to determine the clinical effi-
cacy and safety of orally administered Theracurmin in patients
with knee osteoarthritis over 6 months of treatment. We
hypothesized that Theracurmin ingestion for 6 months would

improve the symptoms and functional abilities of patients with
knee osteoarthritis with no major side effects.

Materials and Methods

This was an open prospective study. A total of 50 patients with
knee osteoarthritis confirmed by radiographic analysis were
selected and enrolled in this study. Written informed consent
was obtained from all subjects before participation. All proce-
dures were reviewed and approved by the research ethics com-
mittee of our hospital, and this study was performed in
accordance with the World Medical Association’s Declaration
of Helsinki.

The inclusion criteria were knee osteoarthritis patients with
primary medial or lateral type in the femorotibial joints or
patellofemoral joints, above 40years of age, and with Kellgren-
Lawrence (KL) grade II, III, or IV osteoarthritis with radio-
graphic classification. The other combined therapies allowed
during the study were NSAIDs, pain relief patches, and hyalu-
ronic acid knee injection treatment. The exclusion criteria were
knee surgeries during the study, knee steroid injections within
2months before the study, or other steroid administrations
within 4weeks before the study. We examined the previous
treatments before enrolment of patients in this study but did
not assess them except the above exclusion criteria. The flow
chart of this study was shown in Figure 1.

Theracurmin (Theracurmin: Theravalues, Tokyo, Japan)
was administered orally twice a day for 6 months. Theracurmin
consisted of 30% curcumin, 6% undisclosed components (cur-
cumin derivatives), 0.7% citric acid, 8.7% dextrin, 14.6% gum
ghatti, and 40% maltose."® Subjects in the Theracurmin group
took 6 capsules of Theracurmin per day, corresponding to a
total daily dose of 180mg of curcumin. Its dose was same as
Nakagawa’s study.!3 The subjects were requested to report the
number of remaining capsules at their 1,2, 3,4, 5, and 6-month
visits at our outpatient clinic to assess compliance.

Blood biochemistry analyses (including high-sensitivity
C-reactive protein: hs-CRP) were performed before the study
and after 6 months of each intervention. The patients’ knee
symptoms were evaluated at 0, 1, 2, 3, 4, 5, and 6 months
according to the following criteria: the JKOM, the knee pain
VAS included in the JKOM, and the knee scoring system of
the Japanese Orthopedic Association (JOA).1® The VAS has a
minimum score of 0 and a maximum score of 1. The JKOM
consists of 25 questions divided into 4 subcategories: pain and
stiffness, condition in daily life, general activities, and health
conditions. The JKOM is used for patient self-assessment and
is based on the World Health Organization’s International
Classification of Functioning, Disability, and Health; it is vali-
dated in the same manner as the Western Ontario and
McMaster Universities’ Arthritis Index (WOMAC). The JOA
scale evaluates 4 items: ability to walk (30 points), ability to
climb up and down stairs (25 points), range of motion (35
points), and joint swelling (10 points). Each knee joint can
achieve a maximum score of 100 points on the JOA scale. The
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Inclusion Criteria

or patellofemoral joints,

Over 40 years of age,

Knee osteoarthritis patients with primary medial or lateral type in the femorotibial joints

Kellgren-Lawrence grade 11, III or IV osteoarthritis with radiographic classification.

Exclusion Criteria

Knee surgeries during the study,

within four weeks before the study.

Knee steroid injections within two months before the study, or other steroid administrations

Allocation (n=50)

Lost to follow up (n=5)
Decrease of appetite 22 month

Theracurmin® is expensive at 1 month

A 4

Fol low-up (n=45)

\ 4

Diarrhoea at 6 days
Joint pain at 2 months

Stopped visiting the hospital after five

!

Effective cases (n=34)

Analysi

Figure 1. Flow chart in this study.

\ 4

Non-effective cases (n=11)

JOA score was significantly correlated with validated patient-
related outcome measures (JKOM and the Medical Outcome
Study Short-Form 36-Item Health Survey), indicating the
concurrent validity of the JOA.? We evaluated adverse events
and the combined therapies that the subjects required during
the 6-month period.

In this study, we defined effective cases as follows: patients
in the effective group felt that the treatment was effective and
the VAS, JKOM, or JOA scores improved between 0 and
6months at a minimum of 1 assessment. We examined the
proportion of effective cases according to the KL classification
and type of knee osteoarthritis. Thirteen patients were treated
with only Theracurmin without combined therapy because the
patients desired this strategy. We also examined the proportion
of effective cases in the Theracurmin only group.

To determine the clinical and chronological effects of orally
administered Theracurmin in patients with knee osteoarthritis
over the 6 months treatment period, we calculated the differ-
ences in VAS, JKOM, and JOA scores between the assessment
and pretreatment periods. We then compared the data from
the assessment periods with the pretreatment period; we also
compared the data between each assessment period.

The Mann-Whitney U-test was used to statistically analyze
the VAS, JKOM, and JOA scores. A paired #-test was used to
statistically analyze the VAS, JKOM, and JOA scores of each
patient between the pretreatment period and 6 months after
the treatment. A P value of <.05 was considered statistically
significant.

Results
Five cases dropped out of this study (Figure 1), and 1 subject
did not attend her 1month follow-up visit. One subject
dropped out at 1 month because the patient felt that her per-
sonal costs for the Theracurmin treatment were expensive
(7500 yen per month). The other 3 patients discontinued par-
ticipation in the study because of minor side effects. One
patient had a decreased appetite at 22weeks, and another
patient had diarrhea on Day 6. In addition, one patient felt
increased joint pain at 2months. Therefore, we included 45
patients (11 men and 34 women) for further analysis. The
mean therapeutic age was 67.2 (range: 42-85) years.

Using a paired #-test, the VAS, JKOM, and JOA scores at
6months after the treatment were significantly better than
those at the pretreatment period, of all 45 patients (Table 1).
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Table 1. Comparison of the clinical scores between the pretreatment
period and 6 months after the treatment of all 45 patients using a
paired t-test.

PRETREATMENT 6 MONTHS P VALUE
VAS (point) 0.514+0.242 0.345+0.257  <.0001
JKOM (point) 32.71+15.01 23.27 +15.79 .0003
JOA (point) 71.43+13.86 83.94+11.52  <.0001

Abbreviations: JKOM, Japanese Knee Osteoarthritis Measure; JOA, Japanese
Orthopedic Association; VAS, visual analog scale.
Mean value + standard deviation.

Table 2. Comparison of the clinical scores between the pretreatment
period and 6 months after the treatment of 13 patients who were
treated Theracurmin only using a paired t-test.

PRETREATMENT  6MONTHS P VALUE
VAS (point) 0.372+0.190 0.263+0.25 1739
JKOM (point) 27.69+10.86 20.46+14.80 -1854
JOA (point) 75.77 + 16.09 89.04 + 8.51 0203

Abbreviations: JKOM, Japanese Knee Osteoarthritis Measure; JOA, Japanese
Orthopedic Association; VAS, visual analog scale.
Mean value + standard deviation.

Of the Theracurmin only group, the JOA score at 6 months
after the treatment was significantly better than that at the pre-
treatment period (Table 2). Improved scores of VAS, JKOM,
and JOA between pretreatment period and 6 months after
treatment for all 45 patients were significant (Figure 2) and
also improved score of JOA between them for Theracurmin
only group was significant (Figure 3).

Of the 45 patients, the 34 were effective cases (75.6 %) and
11 were not effective cases; the latter group included 8 patients
who did not feel the effectiveness of Theracurmin. The
improvements in the VAS (Figure 4A), JKOM (Figure 4B),
and JOA scores (Figure 4C) between 6-month treatment and
pretreatment periods are shown in Figure 4. The proportion of
effective cases for each KL classification grade is shown in
Table 3. The proportion of effectiveness ranged from 65% to
88%. There were no significant differences in effectiveness
between different grades of KL classification. The proportions
of effective cases for each type of knee osteoarthritis are shown
in Table 4. The proportion of effectiveness ranged from 71% to
100%. There were no significant differences in effectiveness
between various types of knee osteoarthritis.

Five patients felt itchy. There were a slight increase in neu-
tral fat (6 cases), and hepatic enzymes (4 cases) in the blood
analyses during the study. However, no major side effects were
observed with Theracurmin treatment, including in the blood
biochemistry analyses performed during this study. There was
no significant difference in the improvement of sensitive CRP
values between the effective group and the not-effective group.

The Theracurmin only group, included 10 effective cases
(76.9 %) and 3 not-effective cases; the latter group included 2
patients who did not feel the effectiveness of Theracurmin.

The chronological changes of the clinical scores in the
effective group are shown in Tables 5 to 7. The P values for
improvement in VAS (Table 5), JKOM (Table 6), and JOA
(Table 7) scores during each assessment period are indicated.
In the effective group, 2months of Theracurmin treatment
resulted in significant clinical effects; these positive effects
were maintained for 6 months according to the VAS and JOA
scores. One month of Theracurmin treatment also resulted sig-
nificant clinical effects that lasted for 6 months according to

the JKOM scores.

Discussion

This study showed that Theracurmin was effective for treating
knee osteoarthritis in 75.6% of the total population (45
patients) and in 76.9% of the Theracurmin only patients (13
patients). There were no significant differences in effectiveness
between different KL classification grades or various types of
knee osteoarthritis. We also evaluated the safety of Theracurmin
for knee osteoarthritis; no major side effects were observed
with Theracurmin treatment, including in the blood biochem-
istry analyses performed during this study. However, there was
no significant difference in the improvement of sensitive CRP
levels between the effective group and the not-effective group.
In the effective group, 1 or 2 months of Theracurmin treatment
resulted in significant clinical effects that could be maintained
for 6 months.

There have been several reports on the effectiveness of cur-
cumin to treat knee osteoarthritis. Nakagawa reported a trial
involving 50 knee OA patients with a KL grade II or III clas-
sification; a significant reduction in pain was observed after an
8-week administration of a surface-controlled water-dispersi-
ble form of curcumin in a randomized, double-blinded, pla-
cebo-controlled study.’® The authors also observed a more
pronounced lowering of celecoxib dependence in the group of
patients treated with curcumin than in the placebo group.
Three other randomized, double-blinded, placebo-controlled
trials have been conducted. Treatment of knee OA with cur-
cuminoids plus glycosaminoglycans, combined with physical
therapy, improves VAS scores at motion and Lequesne Index
scores.'” Treatment with curcuminoids was associated with sig-
nificantly greater reductions in WOMAC, VAS, and Lequesne’s
pain function index scores compared to placebo.'® In addition,
the 12-week use of curcumin complex or its combination with
boswellic acid reduces pain-related symptoms in patients with
OA.?Y In a multicenter study, Curcuma domestica extracts were
shown to be effective as ibuprofen for the treatment of knee
osteoarthritis.?0 This study showed that Theracurmin were
effective for treating knee osteoarthritis in 75.6% of the total
population of 45 cases.

The use of curcumin is limited by its bioavailability. To over-
come these obstacles, Nakagawa reported that the blood
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Figure 2. Improved scores of VAS, JKOM, and JOA between pretreatment period and 6 months after treatment for all 45 patients: (A) VAS P <.0001, (B)

JKOM P=.0003, and (C) JOA P <.0001.

JKOM indicates Japanese Knee Osteoarthritis Measure; JOA, Japanese Orthopedic Association; VAS, visual analog scale.

Improved score
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Figure 3. Improved score of JOA between pretreatment period and

6months after treatment for Theracurmin only group. P=.0203.
JOA indicates Japanese Orthopedic Association.

concentration-time curve of Theracurmin was 27-fold higher
than that of curcumin powder with healthy human volunteers.!3
Appelboom reported that the administration of 42mg of
Flexofytol was equivalent to the ingestion of 57g of native

curcumin.?! Belcaro reported that Meriva was a lecithin delivery
form of curcumin,? and Panahi reported that curcuminoids
were co-administered with piperine to improve bioavailability.?3
In these 4 studies, curcumin was more effective for the treat-
ment of knee osteoarthritis. In this study, the proportion of
effective cases was 76.9% in the Theracurmin only group.
Clinical studies on the efficacy of curcumin for the treat-
ment of knee osteoarthritis have reported on specific biomark-
ers. There was significant elevation in serum superoxide
dismutase activities, a borderline significant elevation in glu-
tathione concentrations, and a significant reduction in malone-
dialdehyde concentrations in the curcuminoids compared with
the placebo group.?? Curcumin significantly reduced the serum
levels of Coll2-1 and tended to decrease CRP levels in
Flexofytol for 3 months.?® Belcaro reported that the treatment
group experienced a greater decrease in CRP levels compared
to the control group.?* Unfortunately, in our study, there was no
significant difference in the improvement of sensitive CRP
levels between the effective group and the not-effective group,
similar to another study.’” Chin reported that the extensive
clinical trials on the effects of curcumin in osteoarthritic
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Figure 4. Improvements in the clinical scores: (A) VAS scores improved by .216 points in the effective group, and .025 in the not-effective group. This
difference was significant (P=.0332). (B) JKOM scores improved by 13.5 points in the effective group, and -2.3 in the not-effective group. This difference
was significant (P=.0036). (C) JOA scores improved by 15.7 points in the effective group, and 7.5 in the not-effective group. This difference was no

significant (P=.0900).

JKOM indicates Japanese Knee Osteoarthritis Measure; JOA, Japanese Orthopedic Association; VAS, visual analog scale.

Table 3. The proportion of effective cases according to KL
classification.

KL CLASSIFICATION EFFECTIVE NOT-EFFECTIVE
GROUP GROUP

Il 12 cases (85.7%) 2 cases

1] 15 cases (65.2%) 8 cases

v 7 cases (87.5%) 1 case

Abbreviation: KL, Kellgren-Lawrence.

Table 4. The proportion of effective cases according to the various
types of knee osteoarthritis.

TYPE OF EFFECTIVE GROUP NO EFFECTIVE
KNEE OA GROUP

FT lateral 6 cases (100 %) 0 cases

FT medial 25 cases (71.4 %) 10 cases
Patello 3 cases (75.0 %) 1 case

femoral joint

Abbreviations: FT, femorotibial joint; OA, osteoarthritis.

patients reported reduced pain and improved functionality of
the patients treated with curcumin. These effects could be
achieved as early as 4weeks.”> Similarly, 1 or 2months of
Theracurmin treatment resulted in significant clinical effects
that could be maintained for 6 months in this study.

Several reports have discussed the effectiveness of cur-
cumin for cartilage degeneration in animal models and cell
cultures. Curcumin treatment led to reduced proteoglycan
loss and cartilage erosion in a posttraumatic osteoarthritis
mouse model.?® Curcumin treatment enhanced autophagy
and reduced apoptosis, and cartilage loss in a spontaneous
and surgically induced osteoarthritis mice model.?” Curcumin
prevented the deterioration of articular cartilage compared to
the control group in estrogen-deficient rats.?® In cell culture

studies, noncytotoxic concentrations of curcumin exerted
anticatabolic and anti-inflammatory effects in cartilage
explants.?” Curcumin was demonstrated to inhibit the inter-
leukin (IL)-1b-induced activation of NF-kB by suppressing
IkBa phosphorylation.3® Curcumin inhibited chondrocyte
hypertrophy through Indian hedgehog homolog and notch
signaling. Curcumin was a potential agent in modulating car-
tilage homeostasis and maintaining the chondrocyte pheno-
type.3! However, although this study was unable to
demonstrate improvements in patient knee cartilage, the
above findings suggest that curcumin might improve the knee
cartilage of such patients.

In this study, 5 patients felt itchy. There were a slight
increase in neutral fat (6 cases) and hepatic enzymes (4 cases)
in the blood analyses during the study. However, no major
side effects were observed with Theracurmin treatment
including in the blood biochemistry analyses performed dur-
ing this study. Likewise, there were no considerable adverse
effects in curcumin groups in other clinical studies.!”.1819:21
Curcuma domestica extracts were noninferior to ibuprofen
for the treatment of knee osteoarthritis, and the Curcuma
domestica extracts group had a similar incidence of adverse
events but with gastrointestinal adverse events.?’ Daily
reported that turmeric preparations and curcumin were con-
sidered safe at doses not exceeding 1200 mg/day for up to
4months.3? A study on the safety of Theracurmin revealed
that a dose of up to 400 mg for 9 months was safe in cancer
patients receiving chemotherapy.33 In this study, the dosage of
curcumin was 180 mg/day, similar to Nakagawa study.’® This
was the smallest dose used in the published clinical studies.3*
The safety of curcumin was demonstrated in this study, and
the dosage of curcumin used in our study was safe.

There are 6 main limitations in this study: there was a short
follow-up period (6 months), the sample size was small (50
cases), the lack of other treatment adjustment in the analysis,
the placebo effects could not be eliminated, and this was an
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Table 5. The chronological changes of the clinical scores in VAS scores.

1MONTH 2MONTHS
Omonth 1062 .0047 0177
1month .2825 .3367
2months .7910
3months
4months
5months

Abbreviation: VAS, visual analog scale.
The P values between the assessment periods for improvement in VAS scores.
Bold numbers indicate a significant difference.

Table 6. The chronological changes of the clinical scores in JKOM scores.

1MONTH 2MONTHS
Omonth <.0001 <.0001 0011
1month .3503 .3896
2months .8112
3months
4months
5months

Abbreviation: JKOM, Japanese Knee Osteoarthritis Measure.
The P values between the assessment periods for improvement in JKOM scores.
Bold numbers indicate a significant difference.

Table 7. The chronological changes of the clinical scores in JOA scores.

1MONTH 2MONTHS 3MONTHS
Omonth 1270 .0052 <.0001
1month .0022 .0053
2months .2903
3months
4months
5months

Abbreviation: JOA, Japanese Orthopedic Association.
The P values between the assessment periods for improvement in JOA scores.
Bold numbers indicate a significant difference.

open study. Also, it is a potential selection bias that the patients
are paying for their treatment from the start.

Conclusion

Fifty patients with knee osteoarthritis took 6 capsules of
Theracurmin per day, corresponding to a total daily dose of
180mg of curcumin, for 6 months. Five cases dropped out
because of minor side effects. Therefore, we included 45
patients (11 men and 34 women) in the further analyses. This
study showed that Theracurmin was effective for treating knee

3MONTHS

3MONTHS

4MONTHS 5MONTHS 6MONTHS
.0014 .0007 <.0001
.0383 .0112 .0005
1969 1189 .0068
.3195 1464 .0210
4533 .0210
1100
4MONTHS 5MONTHS 6 MONTHS
.0006 .0054 <.0001
.2930 .7304 .0080
.7960 .6405 .253
.9706 4049 .2938
2424 1850
.0031
4MONTHS 5MONTHS 6 MONTHS
.0114 .0019 .0062
.0258 .0038 .0032
.6480 .561 .3342
.0021 .0742 .0601
.8247 .5551
4740

osteoarthritis in 75.6% of all cases and in 76.9 % of cases in the
Theracurmin only group. Of the Theracurmin-only group, the
JOA score at 6 months after the treatment was significantly
better than that at the pretreatment period using the paired
t-test. In our evaluation of the safety of Theracurmin for knee
osteoarthritis, no major side effects were observed with
Theracurmin treatment, including in the blood biochemistry
analyses performed during this study. Theracurmin showed
great potential for the treatment of human knee osteoarthritis

based on efficacy and safety findings.
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