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Abstract The purpose is to investigate the effects of
chondroitin sulfate and glucosamine on adult patients
with Kaschin–Beck disease (KBD). A total of 80
patients, aged over 40 years, were randomized into two
groups receiving either 1,600 mg oral mixture of
chondroitin sulfate and glucosamine or placebo twice
daily for 8 months. Posteroanterior radiographs of
bilateral knee in full extension were taken at enrollment
and after 8 months. Mean joint-space width of the
assigned six points on the tibiofemoral joint compartment
was measured by a graduated magnifying lens. The mean
joint space decreased significantly in the placebo group
(4.3±1.09 versus 4.1±1.07 mm, P<0.0001) after
8 months and was unchanged in the experimental group
(P=0.51). There was no statistical significance in the

mean joint space between two groups at baseline and
follow-up (P=0.65 and P=0.84, respectively). But the
overall mean change in joint space was significant
between the two groups (P<0.0001). Knee joint space of
the experimental group narrowed slowly compared to the
control group. Therefore, chondroitin sulfate and glucos-
amine might play a protective role in preserving articular
cartilage and provide evidence for therapeutic drugs in
adult patients with KBD.
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Introduction

Kaschin–Beck Disease (KBD), a special type form of
osteoarthritis, is a disabling degenerative disease of the
peripheral joints and spine in childhood and is caused by
ingestion of cereal grains infected with the fungus T-2 toxin
[1–4]. The adult patients with KBD are about 0.81 million
in China [5]. Analgesia and non-steroidal anti-inflammatory
drugs were used to alleviate the symptoms of KBD in the
past, but those brought a high risk of adverse events. In
recent years, the use of chondroitin sulfate and glucosamine
is popular in patients with KBD.

Glucosamine is a natural aminomonosaccharide which
forms the matrix of all connective tissues, including
cartilage [6]. Chondroitin sulfate is a glycosaminoglycan
with a polymerized disaccharide base linked to a sulfate
group, and is found in the proteoglycans of articular
cartilage [6]. Chondroitin sulfate and glucosamine as a
symptomatic slow-acting remedy for osteoarthritis has also
been recognized for decades [7]. No literature to assess the
effects of chondroitin sulfate and glucosamine in patients
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with KBD has been reported. Therefore, we conducted a
randomized double-blind, placebo-controlled trial in patients
with KBD to establish the effects of daily supplementation
with chondroitin sulfate and glucosamine on joint structure
changes in the knee.

Methods

Study design and selection of patients

We recruited patients with KBD from Guanghui village,
Yabuli town, Heilongjiang province, China, which is one of
the endemic areas affected by KBD. A total of 1,047 residents
lived in the village (538 men and 509 women), and 282 were
aged over 40 years. Of 282 residents, 80 (53 men and 27
women) were eligible for inclusion into the trial, and 66
(82.5%) returned for re-examination after 8 months (Fig. 1).
Inclusion criteria were KBD patients over 40 years and
diagnosed and graded according to the clinical and radio-
logical criteria of the KBD (GB 16003-1995) [8]. The
severity of KBD was graded on the basis of the symmetrical
enlargement, deformation, feeling of pain and difficulty in
bending or stretching limb joints, and X-ray image.
Exclusion criteria were patients with other inflammatory
joint diseases or systemic conditions affecting the joint
(i.e., neoplasias, bone metabolic diseases, osteoporosis,
osteomalacia) or those who refused to attend this study. All
participants did not take any medicine for KBD during
3 months before enrollment.

Eighty patients were stratified according to the severity
of KBD and were randomly allocated to the intervention
and placebo groups. Randomization code was produced by
computer. All participants were recruited by radio broadcast
and posters. The study was approved by the Endemic
Institute Ethics Committee of Harbin Medical University
and local administration village committee, performed
according to the Helsinki Declaration II. All persons
provided informed consents to participate in the study.
The trial registration number is ChiCTR-TRC-00000140
(http://www.chictr.org/).

Treatment assignment

Chondroitin sulfate and glucosamine (Green Leaf Pharma-
ceutical Factory, Shandong Province, China) is defined as a
pure substance that is combined from chondroitin sulfate
and glucosamine sulfate in stoichiometric ratios of 1:1. The
net content of chondroitin sulfate and glucosamine sulfate
in the dose form (capsule for oral solution) is 400 mg. This
product has been approved as 800 mg twice daily dosage as
a supplement for osteoarthritis in China.

Patients were assigned to receive 800 mg of chondroitin
sulfate and glucosamine or placebo twice daily for 8 months,
which is the daily dosage in osteoarthritis patients [9, 10].
Patients were asked to record the medication use in diaries
during the study. Compliance with study treatment was
measured by the dosage that patients missed, number of
unused sachets, emergency medication (paracetamol) that
patients used for special conditions, withdrawal rates, and the
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occurrence of adverse events at every 2-month intervals in all
patients who were still under the study treatment. Rescue
medications were provided every 2 months of follow-up
when recording for compliance.

At the end of follow-up, 80% of participants in treatment
group and 77.4% in the placebo group reported taking at least
two thirds of the capsules. There were no differences in
compliance with treatment between the two groups (P=0.75).

Outcome measures

Joint structure changes were represented by the mean joint-
space width of the knee, which were measured in six points
(two tibial plateau ends for the medical compartment

measurement, two femoral condyle ends for the lateral
compartment measurement, and two middle points between
tibial plateau ends and femoral condyle ends in the medical
and lateral compartment) of each knee joint by a 0.1-mm
10× PEAK magnifier (Fig. 2). Posteroanterior radiography
of both knees was taken at baseline and 8 months’ follow-
up in a single radiological unit of Shimadzu vehicle-
mounted X-ray machine by the same trained technician.
Patients stood with their knees fully extended and the
anterior patella touching the film cassette. The X-ray beam
was centered on the joint space and paralleled to the tibial
plateau. Feet were positioned a small distance apart. The
outline of the foot was drawn on a sheet of paper and was
used to reposition the joint at the following examination.
The focus to film distance was 100 cm.

We have tested the precision of our measure by showing
that the average intra-observer variability of repeated
measurement of joint-space width was 2.2%. For reducing
error, each point was measured three times by an observer
blinded to treatment assignment and radiographic sequence,
and the final value was the average.

Statistical analysis

All analyses comparing the placebo group to the interven-
tion group were performed by Student t test and χ2 test as
appropriate. The six points were compared to analyze the
possibility of different drug effects by using analysis of
variance (P=0.56 in intervention group and P=0.93 in
placebo group).We use the average of six points to
represent the mean joint-space width. Mean change was
expressed as the loss of mean joint space from baseline to
follow-up. Multiple linear regression was used to test for
differences between two groups at baseline, follow-up, or
mean change after adjusting for age and sex. Adverse event

Table 1 Characteristics of patients with KBD at baseline

Intervention (n=40) Placebo (n=40) P value

Women (%) 15 (37.5) 11 (27.5) 0.34

Age (years) 49.6±10.2 52.7±9.6 0.16

KBD degree 0.83

Degree I (%) 23 (57.5) 25 (62.5)

Degree II (%) 13 (32.5) 12 (30)

Degree III (%) 4 (10) 3 (7.5)

BMI (kg/m2) 24.3±4.2 23.69±3.5 0.51

Mean joint space (mm) 4.01±1.1 4.3±1.07 0.23

Values are shown as mean (SD) or number (percentage). The Kaschin–Beck disease (KBD) grading is based on the Chinese diagnostic criteria of
KBD. All adult patients with KBD have lived in endemic areas and got sick in their childhood

Degree I symmetrically pathological enlargement of multiple finger joints or slight flexion of elbow; Degree II deformed short fingers or toes and
enlarged joints of wrist, knees, and ankle—duck walk appears; Degree III obviously short limbs and dwarfed, with normal intelligence; KBD
Kaschin–Beck Disease; BMI body mass index

Fig. 2 The sketch of measurement points on joint space (indicated by
the arrows)
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and dropout rates were analyzed by χ2 or Fisher's exact
tests. All statistical analyses were performed with SPSS
(version 13.0). A two-sided P value <0.05 was considered
as statistically significant.

Results

There was no significant difference in severity degree of
KBD, age, gender, and body mass index (BMI) between
intervention and placebo groups at enrollment (Table 1),
while there was no significant difference in joint-space
width between the two groups (P=0.23, Table 1).

The number of patients lost to follow-up was nine
(22.5%) and five (12.5%) in the intervention and placebo
groups, respectively. There were no significant differences
between the two groups (P=0.37).

There was no change in mean joint space in the
intervention group between baseline and 8-month follow-
up (P=0.51, Table 2), while in the placebo group, the mean
joint space decreased by 0.19 mm over the 8-month
treatment (P<0.0001, Table 2). There was no significant
difference in mean joint space between two groups after the
8-month follow-up (P=0.84, Table 2). The results did not
change after adjustment for sex and age. There was
statistical significance in mean joint-space narrowing in
the intervention and placebo group over the 8-month
treatment (P<0.0001, Table 2).

After 8 months, 24 of 31 patients (77.4%) in the
intervention group had a slight mean joint-space narrowing
of less than 0.1 mm, compared with only seven of 35
patients (20.0%) in placebo group (P<0.0001, Table 3).

Moreover, 18.2% with placebo and 16.1% with chon-
droitin sulfate and glucosamine reported having an adverse
event during the 8-month follow-up, and there was no
difference between the two groups (P=0.95). These events
included abdominal pain and headache. Two of 40 patients
in each group withdrew due to adverse events, and there
were no significant differences.

Discussion

KBD exists mainly in West and North China, and also
extends to parts of Russia and North Korea. KBD prevailed
for several times in China. The pandemic situations at the
end of the 1950s and 1970s were severe and extensive. It
involved over 30 million people in 14 provinces and
autonomous regions in China. The children who got sick
in pandemic status became the adult patients with KBD and
still remain in endemic areas today. Therefore, it is
necessary to study a therapeutic remedy.

This paper reported that chondroitin sulfate and
glucosamine delayed the onset of action and did improve
the function of knee in patients with KBD. We found
that treatment with chondroitin sulfate and glucosamine
was associated with an absence of change of the
femorotibial joint-space width, whereas joint-space
narrowing did occur in placebo-treated patients. In
addition, individual joint-space analysis was a further
confirmation; many patients receiving placebo had a
striking joint-space narrowing than those receiving
chondroitin sulfate and glucosamine. This specific effect
has already been well documented and confirmed in
previous studies in knee osteoarthritis patients [11–16].
Long-term (3 years) clinical trials [10, 14], clinical trials
of various durations [13, 16–21], and meta-analyses
supported the efficacy and safety of chondroitin sulfate
and glucosamine in osteoarthritis [22–24]. Their efficacy
has become more controversial with recent publications
reporting no therapeutic value [17, 19, 25]. However, the
prolonged therapeutic effect observed in patients with KBD
is a novel trial. Our study considered that chondroitin
sulfate and glucosamine may be an effective remedy on
preventing joint structure changes for KBD.

Different validated methods have been proposed for
measuring joint-space width from standardized radiographs,
usually at the narrowest point of the joint or the middle of

≤0.1mm 0.1–0.2mm 0.2–0.3mm >0.3mm

Intervention group 24 (77.4%) 4 (12.9%) 2 (6.5%) 1 (3.2%)

Placebo group 7 (20.0%) 10 (28.6%) 13 (37.1%) 5 (14.3%)

Table 3 Compar isons on
different intervals of joint-space
narrowing between two groups

Percentage values are in
parentheses

Table 2 Evolution of the mean joint-space narrowing (mm)

Variable Intervention (n=31) Placebo (35) P valuea

Baseline 4.17±0.92 4.3±1.09 0.65

After 8 months 4.16±0.94 4.1±1.07 0.84

Mean change −0.018±0.15 −0.188±0.11 <0.001

P valueb 0.51 <0.001

Values are shown as mean (SD). Mean change is shown as follow-up
baseline
a Represents the difference between two groups at baseline, follow-up,
or mean change after adjusting for age and sex
b Represents the difference between baseline and follow-up within the
intervention group or placebo group
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medical femorotibial joint space [18, 26]. In the present
study, we used a methodological approach that totally
represents the changes of joint-space width. We delineated
six points on the margin of the femoral condyle and of the
tibial plateau in each knee, which are located in all main
load parts of the knee joint. The values tended to be
conservative. The measurement stability supported our
methodology concerning data distribution and statistical
analysis, but further validity studies are needed in the
future.

The precise mechanism of action has not been fully
elucidated. Radioisotope studies of glucosamine show rapid
distribution throughout the body with selective uptake by
articular cartilage [27–29]. Glucosamine can stimulate
glucosaminoglycan and proteoglycan synthesis and inhibit
proteolytic enzymes from in vitro studies [21]. Chondroitin
sulfate is suggested to cause an increase in RNA synthesis
by chondrocytes, which appears to correlate with an
increasing proteoglycan and collagen synthesis. Such
effects may result partly from competitive inhibition of
degradative enzymes [30, 31].

Previous studies have shown that chondroitin sulfate and
glucosamine is safe [7]. The excellent tolerance of the drug
did also confirm the good safety profile of oral supplement
in the intervention term. There was not an excess of other
adverse events in the group randomized to medicines. The
adherence to treatment was good based on compliance
evaluation.

There are a number of limitations of the trial. The
possibility that our results might partially reflect effects
cannot be completely excluded. Because we only assessed
joint structural changes by mean joint space, other
outcome criteria such as Lequesne’s Algofunctional
Index and Western Ontario and McMaster Universities
Osteoarthritis Index can allow sounder conclusions since
they do not only evaluate structure changes but also
assess pain and function. Moreover, only posteroanterior
radiographs were taken in our study; weight-bearing or
other radiographic views could be more efficient in
observing the joint structure changes. Furthermore, the
long-term or large-scale participants’ effect of chon-
droitin sulfate and glucosamine on the mean joint space
cannot be concluded from the present data. Further
studies with longer follow-up times and different designs
are needed.

In conclusion, our study showed that the mean joint
space tended to be modified by chondroitin sulfate and
glucosamine. The mean joint space tends to be lower in
the placebo group, and the differences between baseline
and final were more pronounced and statistically signif-
icant. There was no change in the mean joint space
in the intervention group. Chondroitin sulfate and

glucosamine raised the possibility that it is a potential
anti-KBD agent.
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