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Abstract

Background: Osteoarthritis (OA) is a typical complex degenerative articular ailment that shows focal cartilage loss,
new bone formation with involvement of entire joint tissues. Dkk-1 assumes a job in controlling the pattern of
bone repair and regeneration in both OA and RA. This study aimed to determine serum and synovial fluid levels of
Dickkopf-1 (Dkk-1) in patients with primary OA of the knee joint and study their correlations with disease activity
and severity. This study included 45 patients, 30 of them were diagnosed as primary knee OA. Fifteen rheumatoid
arthritis patients as well as 15 healthy subjects were enrolled in the study as control groups, serum and synovial
levels of Dkk-1 were estimated utilizing the ELISA technique.

Results: Serum levels of Dkk-1 were significantly higher in OA patients than healthy subjects (p < 0.001), although it
was even significantly higher in RA patients than OA patients (p < 0.001). There was a highly significant decrease in
the median synovial level of Dkk-1 in OA patients compared to the RA control group (p < 0.001). There was a
highly statistically significant inverse correlation between circulating as well as synovial fluid Dkk-1 levels and
radiological disease grading in knee OA (p < 0.001). There was a statistically significant decrease in serum levels of
Dkk-1 in patients with severe OA (grade 3, 4) compared to those with mild OA (Grade 2) (p < 0.001).

Conclusion: Dkk-1 is an interesting marker that is related to articular disease .It could play an important role in
decelerating the degenerative process of OA and can reflects radiographic severity of the disease as well.
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Background
Osteoarthritis (OA) is a degenerative joint disorder
prompting articular cartilage degradation, subchondral
loss, and bone remodeling leading to joint space narrow-
ing, pain, and loss of function [1]. OA is the most widely
recognized disease of knee particularly in the middle to
old ages [2]. Globally, it affects about 3.3% to 3.6% of the

population resulting in moderate to severe disability
making it one of the most incapacitating illnesses around
the globe [3]. Inflammation in OA is chronic and grad-
ually progressive in contrast to inflammatory arthritis,
involving mainly innate immune mechanisms. Synovitis
is a usual feature in OA that can occur in early stages of
the disease but it is increasingly common toward the
more advanced stages and severe disease [4].
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Several cytokines have been researched in OA either
circulating or detected in synovial fluid of joints scan-
ning for biochemical markers that could influence dis-
ease severity and progression. Several studies on the
possible association between serum and synovial fluid
levels of Dkk-1 with disease activity in knee OA have
been postulated [5].
Dkk-1 and osteoprotegerin (OPG) which represent the

key components of bone metabolism in normal joint
bone, interact with Wnt signalling pathway, balancing
between bone absorption and bone formation [6]. Fam-
ilies of both activators and inhibitors regulate the Wnt
signalling pathway. The Dkk proteins are considered one
of inhibitors family, Dkk-1 plays a role in controlling the
pattern of bone repair and regeneration in both OA and
RA [7]. It has been found to delay osteophytes formation
and subchondral bone remodeling and is a potent nega-
tive modulator of osteoblast differentiation [8].

Aim of the work
The aim of this work is to determine serum and synovial
fluid levels of Dickkopf-1 (Dkk-1) in patients with pri-
mary OA of the knee joint and study their correlations
with disease activity and severity to explicate their clin-
ical value in the disease.

Methods
This study is conducted upon 60 individuals used to at-
tend the outpatient’s clinic and inpatients’ department of
Rheumatology, Rehabilitation and Physical Medicine,
Benha University Hospitals. These subjects are divided
into 3 groups:
Group (I): Thirty patients with primary knee OA, fulfilling

the 2016 revised criteria for the diagnosis of knee OA [2].
Two control groups of matching age and sex to group

(I):
Group (II): Fifteen patients with RA clinically diag-

nosed and classified according to the American College
of Rheumatology/European league against Rheumatism
(ACR/EULAR) classification criteria for RA [9].
Group (III): Fifteen apparently healthy adult.

Criteria for exclusion
Subjects were excluded from the study if they had appar-
ent causes for secondary OA, e.g., knee joint deformity
or morbid obesity, other systemic inflammatory or auto-
immune disorders, previous knee injury or joint infec-
tion, history of corticosteroid medication ≤ 6 months.
All patients were subjected to full medical history,

clinical examination, functional assessment using the
WOMAC index [10] and the KOFUS [11], laboratory in-
vestigations including CBC, ESR and CRP. Weight bear-
ing plain X-rays were done for the affected knee to
assess radiological severity of the disease using Kellgren

and Lawrence grading [12]. Serum and synovial fluid
samples were obtained from all OA and RA patients to
measure levels of Dkk-1 using the ELISA technique [13].

Ethical considerations
Written consents according to Helsinki Declaration were
obtained from all patients and control subjects before
participation in the study that was approved by the eth-
ical committee of Benha Faculty of Medicine.

Statistical methods
The quantitative variables are presented by mean and
standard deviation while qualitative variables are pre-
sented by the median, interquartile range, frequencies and
percentages, respectively. Data management and statistical
analysis were done using the Statistical Package for Social
Sciences (SPSS) computer program vs.25. (IBM, Armonk,
NY, USA). Suitable analysis was done according to the
type of data obtained for each parameter. Comparisons
between two groups are done using Mann-Whitney test.
Three groups’ comparisons are done using Kruskal Wallis
test for numerical data. Categorical data is compared
using chi-square test or Fisher’s exact test when appropri-
ate. Pairwise analysis is done in case of significant overall
effect and is adjusted for multiple comparisons. Correl-
ation analysis is done using Pearson’s or Spearman’s
correlation, “r” is the correlation coefficient. It ranges from
− 1 to + 1. Minus one indicates perfect negative correl-
ation. Plus, one indicates perfect positive correlation while
0 indicates no correlation. All p values are two sided.
p values equal or less than 0.05 are considered significant.

Results
This study included 30 primary knee OA patients [26 fe-
males (86.6%) and 4 males (14.4%)] (group I) diagnosed
according to the 2016 revised criteria, for the diagnosis
of knee OA as well as 30 controls. The controls were di-
vided into 2 groups; 15 RA female patients (group II)
and 15 apparently healthy adult females (group III).
The mean age of OA patients was 51.4 ± 5.8 years,

their mean disease duration was 8.1 ± 4.4 years and their
mean BMI was 32.1 ± 3.8 kg/m2. RA controls had a
mean age of 48.9 ± 11.7 years, while healthy controls
had a mean age of 48.2 ± 5.2 years (Table 1).
Clinically, 9 OA patients (30%) had unilateral knee affec-

tion, while 21 patients (70%) had bilateral affection.
Twenty-five patient (83.3%) had morning stiffness and 11
patients (36.7%) presented with knee effusion. The mean
WOMAC index was 54.6 ± 18.0, while the KOFUS was
6.8 ± 4.6. Kellgren and Lawrence X-ray grading score of
group I revealed 2 patients (6.7%) having grade II, 17 pa-
tients (56.7%) with grade III (56.7%) and 11 patients with
grade IV (36.7%). Group II showing 3 patients with grade
(20.0%), 9 patients with grade III (60.0%), and 3 patients
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with grade IV (20.0%). In Table 2, serum and synovial
Dkk-1 level showed an overall statistically significant dif-
ference between the study groups (p ˂ 0.001). It reveals
that group II has the highest serum level among the 3
studied groups and that it also has a higher synovial level
than group I.

Correlative analysis
Regarding correlations of median serum Dkk-1 levels
with mean demographic, clinical and laboratory parame-
ters of OA group are presented in Table 3.
There was significant negative correlations of median

serum Dkk-1 level with joint stiffness, physical function
as well as total WOMAC index (r = − 0.37, − 0.41, and
− 0.37, respectively, p = 0.047, 0.023, and 0.047
respectively).
There was a highly significant positive correlation be-

tween median serum Dkk-1 and median synovial Dkk-1
(r = 0.62, p < 0.001).
There were non-significant correlations of mean

serum Dkk-1 level with other study parameters (age,
BMI, disease duration, pain, ESR, and KOFUS score).
Correlations of median synovial Dkk-1 level with mean

demographic, clinical and laboratory parameters in OA
group are displayed in Table 4.
There were highly statistically significant negative cor-

relations of median synovial Dkk-1 level with mean dis-
ease duration (r = − 0.40, p = − 0.029), mean WOMAC

index (r = − 0.624, p = 0.001), and mean X-ray grading
(r = − 0.599, p < 0.001) (Figs. 1 and 2).
There were non-significant correlations between me-

dian synovial Dkk-1 level and other study parameters
(age, BMI, pain, ESR, and KOFUS score) (Table 4).

Discussion
Complex cellular processes, such as proliferation and
differentiation are controlled by Wnt signalling pathway
[14]. Dkks which are Wnt modulators are likewise asso-
ciated with this exceptionally entwined utilitarian system
[15]. Dkk-1 is a group of cysteine-rich proteins compris-
ing Dkk-1, Dkk-2, Dkk-3, Dkk-4, and a unique Dkk-3 re-
lated protein [16]. Dkk-1 acts as a natural inhibitor of
Wnt signalling pathway that assumes significant jobs in

Table 1 Demographic data of the studied groups; showing no statistically significant difference regarding age, gender, BMI
between the 3 groups and also insignificant statistical difference in the disease duration between the 2 groups

Group I (30) Group II (15) Group III (15) p value

Age (years) Range 42–64 28–74 39–56 0.34

Mean ± SD 51.4 ± 5.8 48.9 ± 11.7 48.2 ± 5.2

Gender Males, n (%) 4 (13.3) 0 (0.0) 0 (0.0) 0.17

Females, n (%) 26 (86.7) 15 (100.0) 15 (100.0)

BMI (kg/m2) Range 25–39.9 27.6–33.2 27–33.8 0.094

Mean ± SD 32.1 ± 3.8 30.7 ± 2.3 30.1 ± 1.6

Disease duration Range 2–16 2–14 – 0.17

Mean ± SD 8.1 ± 4.4 6.3 ± 3.6 –

Kruskal-Wallis test was used for age, BMI and disease duration. Gender was compared using Fisher’s exact test

Table 2 Serum and synovial levels of Dkk-1 in the studied
groups showing that group II has the highest serum level
among the 3 studied groups and that it also has a higher
synovial level than group I

Variables Group I
(n = 30)

Group II
(n = 15

Group III
(n = 15)

p value

Serum Dkk-1 (ng/ml)
median (IQR)

4.12
(2.86–5.15)

8.39
(7.0–18.6)

1.9
(1.72–2.1)

< 0.001**

Synovial Dkk-1 (ng/ml)
median (IQR)

0.447
(0.129–1.13)

3.7
(3.4–7.0)

– < 0.001**

IQR inter-quartile range. Kruskal-Wallis test was used for serum DKK-1. Mann-
Whitney U test was used for synovial DKK-1

Table 3 Correlations of mean serum Dkk-1 level with mean
demographic, clinical, and laboratory parameters in
osteoarthritis group; negative correlations were observed
between serum Dkk1 and pain score, joint stiffness and physical
function, and positive correlation with synovial Dkk-1

Group I (30) S Dkk-1 (ng/ml)

Correlation coefficient (rho) p value

Age/years − 0.31 0.098

BMI (kg/m2) − 0.12 0.52

Disease duration/years − 0.13 0.49

ESR (mm/h) 0.12 0.54

Pain − 0.19 0.32

Joint stiffness − 0.37 0.047*

Physical function − 0.41 0.023*

Total score of WOMAC index − 0.37 0.047*

KOFUS score − 0.312 0.093

X-ray grading − 0.31 0.09

Synovial Dkk-1 0.62 <0.001**

rho correlation coefficient, BMI body mass index, ESR erythrocyte
sedimentation rate, WOMAC Western Ontario and McMaster Universities
Arthritis Index, KOFUS knee osteoarthritis flare up score
*Significant
**Highly significant
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vertebrate embryogenesis [14]. Circulating Dkk-1 is
present in RA, AS, and OA, while studies showed that
Dkk-1 was expressed in synovial cells, articular cartilage
chondrocytes, and subchondral bone osteoblasts in OA
knees [17–20].
In our study, serum and synovial fluid Dkk-1 levels

were measured in a well-defined knee OA population,
and according to our results, serum levels of Dkk-1 were
significantly higher in OA patients than healthy subjects

(p < 0.001), although it was even significantly higher in
RA patients than OA patients (p < 0.001). Voorzanger-
Rousselot and Coworkers [21], Honsawek et al. [22] and
Min et al. [6] reported that the Dkk-1 levels were signifi-
cantly lower in their OA patients than that of the
healthy controls, while Hassan and Behiry [23], found
that there was no statistically significant difference in
serum Dkk-1 levels between knee OA patients and
healthy controls. This difference may be attributed to
ethnic discrepancy, also different disease grading and
varied disease presentations. Theologis et al. [13], re-
vealed that synovial Dkk-1 levels were significantly
higher in OA, compared to the control group. We did
not get synovial fluid from healthy subjects, but regard-
ing RA controls Dkk-1 was significantly higher than OA
patients (p < 0.001). This is in agreement of the study
done by Seror and his colleagues in 2016 [24] which was
conducted in a large cohort of early onset RA patients
and showed an increase in Dkk-1 serum and synovial
levels and hence, it found to be a useful marker for dis-
turbed structural integrity and erosive condition.
Diarra et al. [25], stated that Dkk-1 levels in ankylosing

spondylitis, an inflammatory spondyloarthropathy char-
acterized by osteophytes formation, were very low and
even below the levels in healthy subjects, suggesting a
role of Dkk-1 in differential remodeling of human joint
architecture. The study revealed a highly statistically sig-
nificant inverse correlation between circulating as well
as synovial fluid Dkk-1 levels and radiological disease
grading in knee OA (r = − 0.599, p < 0.001) as well as
with mean disease duration (r = − 0.40, p = − 0.029).

Table 4 Correlations of median synovial Dkk-1 (ng/ml) level
with mean demographic, clinical and laboratory parameters in
osteoarthritis group (I)

Group I (30) Synovial Dkk-1 (ng/ml)

Correlation coefficient (rho) p value

Age/years − 0.36 0.052

BMI (kg/m2) − 0.20 0.29

Disease duration/years − 0.40 0.029*

ESR (mm/h) − 0.02 0.91

Pain − 0.32 0.085

Joint stiffness − 0.53 0.002**

Physical function − 0.60 < 0.001**

Total score of WOMAC index − 0.57 0.001**

KOFUS score − 0.258 0.169

X- ray grading − 0.60 < 0.001**

rho Spearman’s correlation coefficient, BMI = body mass index, ESR erythrocyte
sedimentation rate, WOMAC Western Ontario and McMaster Universities
Arthritis Index, KOFUS knee osteoarthritis flare up score
*Significant
**Highly significant

Fig. 1 Correlation between synovial Dkk-1 levels and total WOMAC index score in primary knee OA patients
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This was approved by Lane et al. [26], who reported that
increased circulating levels of Dkk-1 appeared to be as-
sociated with delayed radiographic progression of hip
OA in elderly women. This is in agreement with our re-
sults where we detected a highly statistically significant
negative correlation between median synovial Dkk-1
level and mean X-ray grading (r = − 0.599, p < 0.001),
However, Theologis et al. (2017) reported that synovial
fluid Dkk-1 levels were significantly higher in advanced
knee OA patients compared to early OA patients.
Our study revealed a significantly negative correlation

of serum as well as synovial fluid Dkk-1 levels with joint
stiffness, physical function as well as total WOMAC
index. Honsawek et al. [22], also found an inverse correl-
ation between circulating as well as synovial fluid Dkk-1
levels and disease progression in knee OA. Circulating
levels of Dkk-1 were higher in early knee OA patients
(KL grade 2) compared to advanced knee OA (KL grade
4). Dkk-1 has been demonstrated to delay osteophytes
formation and subchondral bone remodeling and is a
potent negative modulator of osteoblast differentiation
[8]. So, in mild to moderate knee OA patients with high
serum and synovial fluid levels of Dkk-1, Dkk-1 may be
able to inhibit bone remodeling around the osteoarth-
ritic joint. Honsawek et al. [22], proposed that Dkk-1
can delay articular cartilage loss. Min et al. [6] revealed
that an increase in serum level of Dkk-1 was significantly
associated with a reduced risk of suffering OA (OR =
0.999, p < 0.01).
The role of Dkk-1 in defending cartilage has not been

recognized yet, according to Leijten and his colleagues
[27], Dkk-1 acts as natural brakes on hypertrophic differ-
entiation in articular cartilage. hypertrophic differentiation

of articular cartilage can contribute to the progress of OA.
However, our study limitation is the small sample size of
OA and RA patients.
Dkk-1 is an interesting marker that is related to articu-

lar disease although it does not correlate with activity or
severity of OA, its highly statistically significant inverse
correlation between circulating as well as synovial fluid
Dkk-1 levels and radiological disease grading in OA and
its higher levels in RA patients compared to OA reflects
the ongoing response of the body to repair the articular
damage that happens in both diseases. The higher level
in the moderate OA reflects that this group has enough
damage to elicit a compensatory mechanism but not so
severe to lead to failure of this reparative pathways. The
study recommends further research to see if the Dkk-1
could have a therapeutic implication to support the car-
tilage in OA as well as in RA

Conclusions
Dkk-1 is an interesting marker that is related to articular
disease. It could play an important role in decelerating
the degenerative process of OA and can reflect radio-
graphic severity of the disease as well. The study reflects
the effective trials of the homeostatic balance of the
arthritic joints to retard the progression of the ongoing
joint degeneration. This role of the Dkk-1 suggests that
it could have a therapeutic implication for treatment of
primary and secondary OA. The study recommends fur-
ther research to see if the Dkk-1 could have a thera-
peutic implication to support the cartilage in OA as well
as in RA. Future research should be focused on detec-
tion of a possible role of Dkk-1 in the pathogenesis of
chronic degenerative joint disorder as well as

Fig. 2 Correlation between synovial Dkk-1 levels and disease duration in primary knee OA patients
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inflammatory disorders such as RA. Further studies
using ultrasonography of the affected joints determine
the correlation of the articular finding such as synovitis,
effusion, erosive changes, and osteophyte formation to
Dkk-1 levels. Also, future research investigating the tar-
geted inhibition of Wnt signaling, aiming to the develop-
ment of effective therapeutic approaches to control the
progression of OA and RA should be the focus of
in vitro as well as in vivo future research work.
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