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The Oral Administration of Highly-Bioavailable
Curcumin for One Year Has Clinical and Chondro-
Protective Effects: A Randomized, Double-Blinded,

Placebo-Controlled Prospective Study

Yasuaki Nakagawa, M.D., Koji Mori, Ph.D., Shigeru Yamada, M.D., Shogo Mukai, M.D.,

Akiko Hirose, M.D., and Ryota Nakamura, M.D.
Purpose: The purpose of this study was to determine the clinical and chondroprotective efficacy and safety of orally
administered Theracurmin in patients who underwent mosaicplasty for knee chondral or osteochondral diseases over 12
months of treatment. Methods: We enrolled 50 patients, older than 20 years of age, who underwent mosaicplasty for
their knee joint diseases. Theracurmin at 180 mg of curcumin per day or placebo was administered orally every day for 12
months. Because 7 patients dropped out of the study, 43 patients were examined; they included 14 men and 29 women
and 24 right and 19 left knees. The mean operative age was 59.5 years (range, 24-84 years). We evaluated the Japanese
Orthopaedic Association knee osteoarthritis score (JOA), visual analog scale (VAS), and Japanese Knee Osteoarthritis
Measure (JKOM) as clinical symptoms; T2 mapping values using magnetic resonance imaging as an indication of the
chondroprotective effect; and blood concentration of curcumin at 0, 3, 6, and 12 months after the operations. We per-
formed intraoperative acoustic evaluation of articular cartilage as a measure of chondroprotective effect during the op-
erations and second-look arthroscopy. Results: The JOA, VAS and JKOM at 3, 6, and 12 months were significantly better
than those during the preoperative period. However, the values of JOA, VAS and JKOM and T2 mapping were not
significantly different between the Theracurmin and placebo groups. The blood concentration of curcumin in the Ther-
acurmin group was significantly higher than that in the placebo group at 3, 6, and 12 months after the operations.
Cartilage stiffness and surface roughness were significantly better in the Theracurmin group than in the placebo group at
second-look arthroscopy. Conclusions: The oral administration of Theracurmin for 1 year demonstrated significantly
better chondroprotective effects and no worse clinical effects and adverse events than the placebo. Level of
Evidence: Level I, double-blinded, placebo-controlled, prospective study.
urcumin is a polyphenol extracted from turmeric,
Cwhich has been safely used in foods, such as curry
for a long time.1 Curcumin is a promising therapeutic
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food material because of its anti-inflammatory and
antioxidative functions; it has long been used as an
anti-inflammatory treatment in traditional Chinese and
Ayurvedic medicine.1 Curcumin regulates various
biochemical and molecular pathways by modulating
several molecular targets, including transcription fac-
tors, cytokines, enzymes, and genes, that regulate cell
proliferation or apoptosis.2 The anti-inflammatory ef-
fect of curcumin appears to be comparable with that of
steroidal drugs and nonsteroidal anti-inflammatory
drugs such as indomethacin and phenylbutazone.3

Studies have shown that the anti-inflammatory prop-
erties of curcumin are related to the suppression of
prostaglandin synthesis through its effect on cyclo-
oxygenase,4 a key enzyme responsible for the conver-
sion of arachidonic acid to prostaglandins. Additionally,
curcumin inhibited proteasome activity and induced
apoptosis in human colon cancer cells in vitro and
in vivo.5 Moreover, an important mechanism of action
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Total 50 Cases 
Theracurmin group Placebo group 

25 25 

Total 43 Cases 
Theracurmin group Placebo group 

23 20 

Dropped due to serious adverse events 
Theracurmin group Placebo group 

1 3 

Stopped visiting the hospital 
Theracurmin group Placebo group 

0 1 

Dropped due to request of patients 
Theracurmin group Placebo group 

1 1 

Fig 1. Flow chart of the study.
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of curcumin is its inhibiton of NF-kB activation,6 which
is a key event in the chronic inflammatory process.
On the basis of these findings, curcumin is expected
to be effective for multiple diseases related to
chronic inflammation, including cancer, cardiovascular
disease, metabolic syndrome, Alzheimer’s disease,
osteoarthritis, and other common diseases and aging
conditions.1,2,7,8 Furthermore, curcumin can act as a
potent inhibitor of the production of inflammatory and
catabolic mediators by chondrocytes.7 Because osteo-
arthritis and related osteoarticular conditions of the
synovial joints are characterized by inflammation, the
biological effects of curcumin in joint tissues may
facilitate the development of clinically safe, orally
administered therapeutic agents for treating joint dis-
eases. An articular chondrocyte study in humans9

clearly demonstrated that curcumin exerted anti-
apoptotic and anti-catabolic effects on interleukin
(IL)-1bestimulated articular chondrocytes. Therefore
curcumin may exhibit novel therapeutic potential as an
adjunct nutraceutical chondroprotective agent for
treating osteoarthritis and related osteoarticular
disorders.9

However, the poor bioavailability of curcumin has
been an obstacle to realizing its beneficial health effects
because only a small amount of curcumin is absorbed
via oral administration.10 To overcome the bioavail-
ability problem, Sasaki previously developed a surface-
controlled water-dispersible curcumin formulation
named Theracurmin (Theravalues, Tokyo, Japan).11

They investigated the absorption efficacy of
Theracurmin and compared with it that of curcumin
powder. In rats, the area under the blood
concentration-time curve after the oral administration
of Theracurmin was more than 40-fold higher than that
of curcumin powder. In healthy human volunteers, the
area under the blood concentration-time curve 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.
Previously Nakagawa’s research group, including a

randomized, double-blinded, placebo-controlled, pro-
spective clinical study12 and an open-labeled prospective
study,13 demonstrated the anti-inflammatory effects of
Theracurmin; however, few studies have reported the
chondroprotective effects of Theracurmin and curcumin
in a human clinical trial. Therefore the purpose of this
study was to determine the clinical and chon-
droprotective efficacy and safety of orally administered
Theracurmin in patients who underwent mosaicplasty
for knee chondral or osteochondral diseases over 12
months of treatment. We hypothesized that Ther-
acurmin ingestion for 12 months would improve the
symptoms, functional abilities, and chondroprotective
effects in patients with knee chondral or osteochondral
diseases with no major side effects.
Methods
A randomized, double-blind, placebo-controlled,

prospective clinical study was conducted to test our
hypothesis in 2 treatment groups: Theracurmin and
placebo. Randomization was performed after baseline
tests and surgery and using a computer-generated
numbers table without stratification at the start of the
treatment period. The allocation (based on randomi-
zation) was performed by a person who was not
involved in the current project. From August 2013 to
February 2016, 50 patients over the age of twenty
undergoing planned mosaicplasty for International
Cartilage Repair Society (ICRS) grade 3 or 4 knee
osteochondral lesions who underwent more than
1 year of follow-up were enrolled. Written informed
consent was obtained from all subjects before partici-
pation. All procedures were reviewed and approved by
the research ethics committee of our hospital, and this
study was performed in accordance with the World
Medical Association’s Declaration of Helsinki. This
study was registered to UMIN-CTR.
Fig 1 presents the flow chart of the study. Twenty-five

patients were enrolled in the Theracurmin and placebo
groups each. The drop-out cases due to serious adverse
events are presented in Table 1. There was 1 event in 1
case in the Theracurmin group and 6 events in 3 cases
in the placebo group. Drop-outs occurred for 1 case in
the Theracurmin group and 2 cases in the placebo
group. The reasons for the drop outs were as follows: in



Table 1. Serious Adverse Events (Drop-Out Cases) in the 2
Groups

Case No. Adverse Event

Theracurmin group
6 Brain bleeding

Placebo group
8 Fracture and Infection
27 Cholecystitis and Dermatitis
35 Infection and Dermatitis
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the Theracurmin group, anxiety of the patient that the
patient might forget to take the drugs, and in the pla-
cebo group, the rejection of our outpatient rehabilita-
tion in 1 case and discontinuation of visit to our
outpatient clinic 8 months after mosaicplasty in another
case. Therefore we included 43 patients (23 patients in
the Theracurmin group and 20 in the placebo group)
for further analysis.
According to our criteria, the candidates for mosaic-

plasty were patients with ICRS grade 3 or 4 osteo-
chondral lesions in the knee who had received no
effective conservative treatment for at least 3 months
and whose operative age was more than 20 years. The
exclusion criteria were the following: (1) severe renal
dysfunction or dialysis, (2) severe liver dysfunction
or liver cirrhosis, (3) severe cardiovascular diseases,
(4) severe cerebrovascular dysfunction, (5) severe
diabetes mellitus, (6) curcumin abuse patients, or
(7) pregnancy.
According to our treatment protocol for osteochon-

dral diseases in the knee joints, if the femorotibial angle
is greater than 180�, high tibial osteotomy with
mosaicplasty is performed. If the femorotibial angle is
less than 168�, distal femoral varus osteotomy with
mosaicplasty is performed. Therefore, if the femoroti-
bial angle is between 168� (valgus deformity) and 180�

(varus deformity), we perform mosaicplasty alone. The
postoperative rehabilitation program was as follows:
range-of-motion exercise was initiated on day 3 after
mosaicplasty, partial weightbearing gait in week 2 or 3,
and full weightbearing gait in week 5 or 6. The patient’s
donor site was either the lateral or medial side of the
femoral trochlea.
Theracurmin or placebo was administered orally

twice a day, for 52 weeks. Subjects in the Theracurmin
group took six capsules of Theracurmin per day, which
contained 180 mg of curcumin. Similarly, subjects in
the placebo group took 6 placebo capsules per day,
which were of similar shape and color as the Ther-
acurmin capsules; the capsules were primarily
composed of starch, dextrin, and maltose. The subjects
were requested to report the number of remaining
capsules at their 1-, 2-, 3-, 4-, 5-, 6-, 8-, 10-, and
12-month visits at our outpatient clinic for the
compliance check.
Blood biochemistry parameters and blood concen-
tration of curcumin were analyzed before the study and
at 3, 6, and 12 months after mosaicplasty. We evaluated
adverse events and the abnormal blood biochemistry
values. If the same patient experienced 2 adverse
events, we unblinded the treatment allocation (curcu-
min or placebo) and decided to exclude the patient
from this study.
The patients’ knee symptoms were evaluated at 0, 3,

6, and 12 months according to the following criteria:
the Japanese Knee Osteoarthritis Measure (JKOM),14

knee pain visual analog scale (VAS) included in the
JKOM, and the Japanese Orthopaedic Association knee
osteoarthritis score (JOA).12 The JKOM consists of 25
questions divided into four subcategories -pain and
stiffness, condition in daily life, general activities, and
health conditions- for patient self-assessment, it is based
on the World Health Organization’s International
Classification of Functioning, Disability, and Health,
validated in the same manner as the Western Ontario
and McMaster Universities’ Arthritis Index
(WOMAC).15 The JOA scale evaluates four 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.
To evaluate chondroprotective effects in the cartilage

of the operated knee, we performed magnetic reso-
nance imaging (MRI) of the operated knee, and
arthroscopic acoustic evaluation. MRI was conducted
before mosaicplasty and 3, 6, and 12 months after
mosaicplasty, and T2 mapping values were used to
evaluate cartilage characteristics in 6 areas: the medial
or lateral femoral condyle, medial or lateral tibial
plateau, patella, and trochlea. All MRI images were
obtained on a clinical 1.5T unit (Achieva; Royal Philips,
Amsterdam, the Netherlands) using a standard receive-
only 8-channel SENSE knee coil. Quantitative T2
mapping was performed using a multislice, multiecho,
modified Carr Purcell Meiboom Gill pulse sequence,
which uses interleaved slices and tailored refocusing
pulses to minimize contribution from stimulated
echoes.16,17 Quantitative T2 relaxation times or values
were calculated by taking the natural logarithm of the
signal decay curve in a selected region-of-interest
(ROI). The ROIs were obtained in a standardized
manner from the articular surface of the cartilage to the
cartilage-bone interface in the 6 areas mentioned
above. To ensure the high quality of the measurements,
the ROI analysis for the quantitative T2 values was
performed by a senior expert in musculoskeletal MRI
who had no knowledge of the patients.
Second-look arthroscopy was a part of this study

protocol. During mosaicplasty and second-look
arthroscopy, acoustic evaluation was used to assess
cartilage mechanical properties including stiffness,



Fig 2. Measurement of cartilage mechanical properties using
arthroscopic ultrasonic probe. The mechanical properties of
the lateral femoral condylar cartilage were evaluated using
the ultrasonic arthroscopic probe. The probe was placed
perpendicular to the measured cartilage surface because we
could change the angle of the tip of its probe at 5 grades from
0� to 90�.

Table 2. Comparison of the Characteristics Between the
2 Groups

Theracurmin
Group

(23 cases)

Placebo
Group

(20 cases)
P

values

Sex: Male/Female
(cases)

9/14 5/15 .5044

Side: Right/Left (cases) 15/8 9/11 .3026
Operative age (y) 58.5 60.1 .5902
Height (cm) 161.1 157.6 .2579
Weight (kg) 67.6 66.2 .7661
Recipient area (mm2) 371.8 438.8 .2346
Grafted plugs 2.8 2.8 .8784
Combined HTO cases 15 cases (65.2%) 16 cases (80%) .4562
Basic diseases (cases) .5839
Osteoarthritis 12 13
Osteonecrosis 5 5
Cartilage injury 2

Recipient sites (cases) .2020
MFC 16 18
LFC 1 0
MTP 1 0
LTP 1 1
Trochlea 2 0
MFC þ Trochlea 2 0
MFC þ MTP 0 1

MFC, medial femoral condyle; LFC, lateral femoral condyle; MTP,
medial tibial plateau; LTP, lateral tibial plateau.
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surface roughness and thickness of the surrounding
knee cartilage, not the donor or recipient sites. The
ultrasound assessment systems we used provide quan-
titative information on tissue properties.18-21 Briefly,
the system developed by Mori and coworkers21 consists
of a transducer and pulser/receiver (Panametrics Japan,
Tokyo, Japan), digital oscilloscope, and personal
computer. The diameter of the transducer, such as an
arthroscopic ultrasonic probe, was approximately
3 mm. The central frequency of the ultrasound wave
was 10 MHz. As the wave passes through interfaces
between media of different acoustic impedances,
reflections return to the transducer and generate elec-
trical signals in the transducer that are proportional to
the intensity.22 The validation study for this method
was reported by Mori et al.21 Fig 2 presents the scene of
measurement of cartilage mechanical properties using
an arthroscopic ultrasonic probe; the probe was placed
perpendicular to the measured cartilage surface because
we could change the angle of the tip of its probe at
5 grades from 0� to 90�. We measured several points
which appeared normal or nearly normal cartilage. We
calculated the mean values for the cartilage mechanical
properties measured in the whole knee joints (W) and
lateral compartment of the femur (L). The cartilage in
the lateral compartment of the femur in most cases in
this study observed as normal or nearly normal with
respect to the ICRS classification. Therefore each pa-
tient presented a mean value for stiffness, surface
roughness, and thickness in the W or L at each time
point, that is, mosaicplasty or second-look arthroscopy.
The mean values in the W or L were compared between
the 2 groups at mosaicplasty and second-look arthros-
copy. The means of the measured data points with the
probe per patient at mosaicplasty were 13.6 points in
the W and 4.3 points in the L; these values at second-
look arthroscopy were 7.7 points in the W and 2.1
points in the L.
Two-sample 1-sided and paired t-tests were used to

perform the statistical analysis of the baseline charac-
teristics of the study subjects; blood concentration of
curcumin; and the VAS, JKOM, JOA, T2 mapping and
cartilage mechanical properties scores. The level of
statistical significance was set to a P value <.05.
Results
The baseline characteristics of the study subjects in

the two groups are presented in Table 2. There were 14
men and 29 women, and 24 right and 19 left knees. The
mean operative age was 59.5 years (range, 24-84
years). Posterior cruciate ligament reconstruction in 1
case (in the placebo group). There were 25 osteoar-
thritis cases, 10 osteonecrosis cases, and 8 cartilage
injury cases. The recipient sites were shown in Table 2.
No statistical differences in the baseline characteristics
were evident. Compliance of drugs was similar between
the Theracurmin and placebo groups.



Table 3. Serious Adverse Events (Continuous Cases) in the 2
Groups

Case No. Adverse Event

Theracurmin group
28 Cholecystitis
29 Fracture
32 Brain infarction
39 Dermatitis
43 Infection
46 Gastric cancer and urethral stone

Placebo group
14 Infection
34 Infection

The safety committee of this study decided that all the above serious
adverse events were not related to curcumin and placebo. If the same
patients experienced 2 adverse events, we unblinded the treatment
allocation (curcumin or placebo) and decided that the patient should
drop out of this study. However, patient 46 wanted to continue this
study, and the safety committee approved his continuation in this
study.

Fig 3. The blood concentrations of curcumin in the two
groups.
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Serious adverse events in continuous cases are pre-
sented in Table 3. There were seven events in six cases
in the Theracurmin group and two events in two cases
in the placebo group. The safety committee of this study
decided that all the serious adverse events shown in
Tables 1 and 3 were not related to Theracurmin and the
placebo. If the same patients experienced two adverse
events, we un-blinded the treatment allocation (Ther-
acurmin or placebo) and decided that the patient
should drop out in this study. However, patient 46
wanted to continue this study, and the safety commit-
tee approved his continuation in this study. Abnormal
blood biochemistry values before mosaicplasty and
12 months after mosaicplasty were compared between
the 2 groups (Table 4). There were 9 abnormal values
among 6 cases in the Theracurmin group and 8 among
seven cases in the placebo group. There were no sig-
nificant differences in the number of abnormal values
between the two groups. Therefore, in this study, the
occurrence ratio of the adverse events and abnormal
blood biochemistry values in the Theracurmin group
was similar to that in the placebo group. We
Table 4. Comparison of Abnormal Blood Biochemistry
Values Before Mosaicplasty and 12 Months After Mosaicplasty
Between the 2 Groups

Theracurmin group
(23 cases)

Placebo group
(20 cases)

Triglyceride increase 4 cases 1 case
Total cholesterol increase 1 case 3 cases
Choline esterase decrease 1 case 1 case
Eosinophil increase 1 case 1 case
Red blood cell increase 0 case 1 case
Red blood cell decrease 1 case 0 case
Amylase decrease 1 case 0 case
Creatinine increase 0 case 1 case
demonstrated that the oral administration of
Theracurmin for 1 year was safe.
The blood concentrations of curcumin in the two

groups are presented in Fig 3; the values in the Ther-
acurmin group at 3, 6, and 12 months after mosaicplasty
were significantly higher than those in the placebo
group. The JOA scores for the 2 groups are presented in
Fig 4. There were no significant differences between the
groups with respect to the JOA scores before and at 3, 6,
and 12 months after mosaicplasty. The JOA scores at 3,
6, and 12 months after mosaicplasty in both groups
were significantly higher than those before mosaicplasty
in both groups. Similarly, between the two groups, there
were no significant differences in the VAS and JKOM
scores before mosaicplasty and 3, 6, and 12 months after
mosaicplasty. The VAS and JKOM scores at 3, 6, and 12
months after mosaicplasty in both groups were signifi-
cantly higher than those before mosaicplasty in both
groups.
Fig 5 presents the chronological changes in T2 map-

ping values in the lateral tibia for the 2 groups. There
were no significant differences in these values at each
time point between the 2 groups, and the values for
each group before mosaicplasty were not significantly
different from those at 3, 6, and 12 months after
mosaicplasty. Similarly, in the other 5 sites, there were
no significant in these values at each time point
between the 2 groups.
Fig 4. The JOA scores in the two groups.



Fig 5. The chronological changes in T2 mapping values in the
lateral tibia in the two groups.
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The mean time from the mosaicplasty to the second-
look arthroscopy was 13.9 months (range, 12-23
months). The mean time in the Theracurmin group was
14.0 months (range, 12-23 months), and that in the
placebo group was 13.7 months (range 12-18 months);
there were no significant differences. The mean values
for stiffness (relative value) in the W at mosaicplasty in
the Theracurmin group were not significantly different
from those in the placebo group (P ¼ .4295) (Fig 6A).
However, the value in the W at second-look
A B

C D

Fig 6. The mean values for the mechanical properties of the kne
arthroscopy in the Theracurmin group was significantly
better than that in the placebo group (P ¼.0261)
(Fig 6B). The mean values for surface roughness in the
L at mosaicplasty in the Theracurmin group were not
significantly different from those in the placebo group
(P ¼.5049) (Fig 6C). However, values in the L at
second-look arthroscopy in the Theracurmin group
were significantly better than those in the placebo
group (P ¼ .0499) (Fig 6D). The other mean values for
the mechanical properties of the cartilage at mosaic-
plasty or second-look arthroscopy were not signifi-
cantly different between the 2 groups.
Discussion
In this study, there were no significant differences in

the occurrence ratio of adverse events and abnormal
blood biochemistry values between the Theracurmin
group and the placebo group. In the 2 groups, there
were no significant differences in the JOA, VAS, and
JKOM scores before and 3, 6, and 12 months after
mosaicplasty. No significant differences were observed
in the T2 mapping values at each time point between
the two groups. The blood concentrations of curcumin
e cartilage.
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in the Theracurmin group at 3, 6, and 12 months after
mosaicplasty were significantly higher than those in the
placebo group. The mean value for stiffness in the W at
second-look arthroscopy in the Theracurmin group was
significantly better than that in the placebo group. The
mean value for the surface roughness in the L at
second-look arthroscopy in the Theracurmin group was
significantly better than that in the placebo group. The
oral administration of Theracurmin for 1 year demon-
strated significantly better chondroprotective effects
and no worse clinical effects and adverse events than
the placebo.
In the clinical use of curcumin, Nakagawa et al.12,13

demonstrated the anti-inflammatory effect of Ther-
acurmin. In a randomized open-label parallel-arm
study, patients receiving curcumin showed similar
improvement in the severity of pain and the Knee
Injury and Osteoarthritis Outcome Score compared
with those receiving diclofenac at days 14 and 28.23 In
double-blind randomized placebo controlled studies,
Henrotin reported that pain reduction at day 90 in
groups administered low- and high-dose bio-optimized
Curcuma longa extract was higher than that in the
placebo group24; Hashemzadeh et al.25 stated that pa-
tients administered nano curcumin exhibited a signifi-
cant decrease in the overall score, as well as the scores
or the pain, stiffness, and physical activity subscales of
the WOMAC questionnaire, compared with the placebo
group.
Several studies have demonstrated the chon-

droprotective effects of curcumin in cell culture or a rat
osteoarthritis model. Csaki et al.26 reported that treat-
ment with curcumin and resveratrol suppressed NF-kB-
regulated gene products involved in inflammation,
inhibited apoptosis and prevented caspase-3 activation
in cell culture. Wang et al.27 revealed that curcumin
decreased MMP-13 expression and increased type II
collagen expression in IL-1b-stimulated chondrocytes.
A complex of curcumin and lecithin that was developed
to improve the solubility of curcumin enhanced the
chondroprotective effect of curcumin via an inflam-
matory mechanism in cell culture.28 In a rat osteoar-
thritis model, Wang et al.29 demonstrated that
hyaluronic acid/chitosan nanoparticles for the delivery
of curcuminoids may suppress inflammation and
chondrocyte apoptosis in knee osteoarthritis via
repression of the NF-kB pathway. Theracurmin treat-
ment significantly ameliorated cartilage damage and
chondrocyte decrease in rats with monosodium
iodoacetate-induced osteoarthritis.30 However, to date,
no studies have demonstrated the chondroprotective
effects of Theracurmin or curcumin in a human clinical
trial.
Quantitative T2 mapping is a noninvasive technique

used clinically to measure knee cartilage characteriza-
tion. In young professional soccer players, the T2
relaxation times are significantly increased in the
weight-bearing femoral cartilage of the medial and
lateral compartment of the knee when comparing early
unloading with late unloading.31 Early degeneration
could occur in various knee cartilage compartments
after acute anterior cruciate ligament rupture, espe-
cially in the superficial layer of the lateral tibia in T2
mapping.32 Unfortunately, the present study demon-
strated no significant differences in T2 mapping values
at each time point between the 2 groups. Presumably
1 year may be too early a time point to measure
significant cartilage degeneration.
Recently, 2 studies evaluated the mechanical prop-

erties of articular cartilages. Pulse-echo ultrasound ge-
ometry at 5MHz was feasible for simultaneous
measurement of the acoustic properties of the articular
cartilage and subchondral bone.33 Stress relaxation
optical coherence straingraphy provided important data
to understand the biomechanics of early osteoar-
thritis.34 As previously described, Mori et al.21 devel-
oped a device to measure the mechanical properties of
the articular cartilages via ultrasound.18 Several studies
that used this device reported significant results for the
mechanical properties of the articular cartilages in
humans and rabbits.19,20,35-37 Hattori et al.38 reported
the acoustic properties of living human cartilage differ
between the knee and ankle joints, as observed using
his arthroscopic ultrasonic probe and Mori’s system.
Using Mori’s system and our arthroscopic ultrasonic
probe, our present study (Fig 2) demonstrated that the
mean values for stiffness (relative value) in the W and
surface roughness in the L at mosaicplasty in the
Theracurmin group was not significantly different from
that in the placebo group (Figs. 6a and 6c). However,
stiffness in the W and surface roughness in the L at
second-look arthroscopy in the Theracurmin group was
significantly better than that in the placebo group
(Figs. 6b and 6d). These data may be affected by high
tibial osteotomy, but the ratio of high tibial osteotomy
was not significant in 2 groups. There were no signifi-
cant differences in cartilage thickness between the 2
groups in our study. These results were similar to those
of Nicoliche’s study, which demonstrated no increase in
cartilage thickness in the knees of rats with induced
arthritis that were treated with curcumin.39 Kuroki
et al.35 revealed that modified Mankin’s score was
significantly correlated with stiffness and surface
roughness. The present study demonstrates the chon-
droprotective effect of curcumin in a clinical trial. We
think that the mechanical properties of the articular
cartilages are more sensitive than T2 mapping in the
cartilage characteristics. Our present study provides
early evidence that Theracurmin may provide chon-
droprotective effects, but longer-term data will be
needed to conform continued protection from
degeneration.
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In the present study, 16 serious adverse events were
detected among 12 cases (Tables 1 and 3); however, the
safety committee of this study decided that all serious
adverse events were not related to Theracurmin and
the placebo. There were 17 abnormal blood biochem-
istry values among 13 cases in the present study;
however, the occurrence ratio of the adverse events
and the abnormal blood biochemistry values in the
Theracurmin group were similar to those in the placebo
group. Previously, 2 studies by Nakagawa et al.12,13

using Theracurmin exhibited no major side ef-
fects.12,13 Similarly, no considerable adverse effects
were observed with curcumin administration in other
clinical studies.40-43 Curcuma domestica extracts were
noninferior to ibuprofen for the treatment of knee
osteoarthritis, and the incidences of adverse events
were similar for both; however, gastrointestinal adverse
events were observed with the C. domestica extracts.44

Wu et al.45 reported that the side effect rate of curcu-
min treatment was 0.81 times higher than that of
ibuprofen treatment. Gupte et al.46 revealed that intake
of solid lipid curcumin particles for 90 days demon-
strated no change in the hemogram and biochemical
markers. Daily reported that turmeric preparations and
curcumin were considered safe at doses not exceeding
1200 mg/d for up to 4 months.47 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.48 In our present study, the dosage of
curcumin was 180 mg/d, similar to that used in Naka-
gawa’s studies.12,13 This is the lowest dose used in
published clinical studies.49 The safety of curcumin was
demonstrated in our present study, and the dosage of
curcumin used in our study was safe.

Limitations
The limitations of this study are the small samples size

(50 cases), short follow-up periods (12 months), and
various basic diseases and operative ages.

Conclusions
The oral administration of Theracurmin for 1 year

demonstrated significantly better chondroprotective
effects and no worse clinical effects and adverse events
than the placebo.
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