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Abstract. We studied the diagnostic value of high‑frequency
color Doppler ultrasonography (HCDU) examination in
combination with anti‑cyclic citrullinated peptide (anti‑CCP)
antibody testing in rheumatoid arthritis (RA) patients with
finger joint damage. From January 2015 to December 2015,
80 patients diagnosed with RA with finger joints damage were
enrolled in this study. Patients were examined with HCDU.
Serum anti‑CCP antibody level was tested using ELISA, and
results were compared with the healthy control group. Results
obtained by ELISA demonstrated that the positive rate of
anti‑CCP antibodies was 73.8% in the study group, and 10%
in the control group. The negative rate was 26.2% in the
study group, and 90% in the control group. HCDU examination suggested that the predominantly affected joint by bone
erosion of RA with finger joint damage was MCP3 (16.7%),
followed by PIP3 (14.1%), MCP2 (13.5%) and PIP2 (12.8%).
The slightest affected joint was thumb metacarpophalangeal
joint, followed by thumb, little finger metacarpophalangeal
joint and proximal interphalangeal joint. The sensitivity of
diagnosis of RA with finger joints damage with both HCDU
and CCP antibody examination showed a significantly lower
level compared with examination with each one of the methods
alone, while specificity showed a significantly higher level.
Thus, a combination of HCDU examination and anti‑CCP
antibody testing can be considered useful to improve the
early diagnostic rate of RA. HCDU examination is a sensitive,
secure, atraumatic and easily‑operated diagnostic method for
early RA patients with finger joint damage. When combined
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with anti‑CCP antibody testing, it will provide a better chance
for RA patients, and give them hope for a better treatment and
improved prognosis.
Introduction
Rheumatoid arthritis (RA) is an autoimmune disease, which
might induce ankylosis, malformation, even loss of normal
joint function (1). Early diagnosis is usually difficult due to
atypical clinical features and the negative result of rheumatoid factor testing (2). Thus, the best time period for starting
the treatment could be easily missed and as a result, patients
could suffer irreversible joints damage leading to permanent
disabilities (3). Therefore, a quick and accurate diagnosis of
RA has been in the centre of attention (4,5).
In this study, we investigated the diagnostic value of
high‑frequency color Doppler ultrasonography (HCDU)
examination in combination with anti‑cyclic citrullinated
peptide (anti‑CCP) antibody testing in RA patients with finger
joint damage.
Materials and methods
General information. From January to December 2015,
80 patients (with 162 affected joints) who were diagnosed with
RA with finger joint damage were enrolled for this study. There
were 44 males and 36 females and the age range was from 21 to
68 years (average, 57.2±3.6 years). The disease courses ranged
from 8 to 22 months (mean disease course, 25.6±2.2 months).
All the patients met the 1987 American clinical diagnostic
criteria (6). During the same period, 50 healthy individuals
(100 joints) were enrolled in our control group. They were
physically examined in the Yantai Yuhuangding Hospital
(Shandong, China). There were 30 males and 20 females in the
control group, aged 22 to 67 years (average, 56.5±3.3 years).
Aomparison between general information in both groups did
not reveal any significant differences.
Methods. HCDU examination and the serum anti‑CCP
antibody testing by ELISA were conducted. HCDU examinations were conducted as follows: Cross sections and different
gestures of the articulationes digitorum manus were scanned
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Table I. Comparison of the HCDU diagnoses for the two groups (n=130).
Cortex of bone

Group
Control, n=50
Study, n=80

No. of arthroses
100
162

--------------------------------------------------------------------------------------------------------

Continuously smooth

Discontinuously rough

100
28

0
134

Medullary substance of bone

-----------------------------------------------------------------------------

Not displayed

Tumor-like lesion

100
32

0
134

HCDU, high‑frequency color Doppler ultrasonography.

Figure 1. The high‑frequency color Doppler ultrasonography manifestation
of articulationes interphalangeae of digitus medius of the patients with bone
erosion.

Figure 2. The high‑frequency color Doppler ultrasonography manifestation
of the apterium blood of the articulationes interphalangeae of digitus medius
of the patients with bone erosion.

with a transducer frequency of 12 MHz, using HCDU
scanner (Shanghai Chuangxun Medical Equipments Co., Ltd.,
Shanghai, China). Serum CCP antibody tests using ELISA
were conducted by strictly following the instructions provided
by the CCP IgG test kit (Beijing Euroimmun Medical
Diagnosis Technology Co., Ltd., Beijing, China).

digitus medius in patients with bone erosion in the study group
showed articular surface roughness, and continuous interruption at the margins (Fig. 1). The detectable blood signal rate of
articulationes interphalangeae in the study group was 65.7%,
and blood signals were detected inside the articulationes interphalangeae and at the margins (Fig. 2). The eroded cartilage
and subcortex medullary bone substance in the study group
had lower echogenicity and irregularly defined tumor‑like
lesion. The internal echo was uneven (Table I).
No blood signals were detected in the finger joints in
the control group, cortical bones and articular surfaces were
relatively smooth with continuous integrity. The ultrasonic
manifestation of cortical bones and subchondral bones
showed a strong echo line with continuous smoothness at the
posterior edge of cartilage. Behind that was the attenuation
region and the medullary substance of bone that could not be
displayed (Fig. 3 and Table I).

Statistical analysis. SPSS 21.0 (IBM SPSS, Armonk, NY, USA)
was used for data analysis. We applied t-test or Chi‑square test
for comparison between groups. P<0.05 was considered to
indicate a statistically significant difference.
Results
Comparison of the anti‑CCP antibody testings. Results
obtained from ELISA tests suggested that the positive rate of
anti‑CCP antibody in the study group was 73.8% (59/80 cases),
and the negative rate was 26.2% (21/80 cases) (Fig. 1). The
positive rate in the control group was only 10% (5/50 cases),
and the negative rate was 90% (45/50).
Comparison of the HCDU examination. HCDU examination results showed that the articulationes interphalangeae of

Affected levels of bone erosion of 80 patients. HCDU examination results showed that the predominantly affected joint by
bone erosion was MCP3 (16.7%), followed by PIP3 (14.1%),
MCP2 (13.5%) and PIP2 (12.8%). The slightest affected joint
was the thumb metacarpophalangeal joint, followed by thumb,
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Table II. Result of diagnosing RA with a combination method
of CCP antibody testing and HCDU examination.
Method
CCP antibody testing
HCDU examination
Combination of 2 methods

Sensitivity, %
72.7
71.1
47.3a,b

Specificity, %
82.4
83.8
98.5a,b

Compared with CCP antibody testing, aP<0.05; compared with
HCDU examination, bP<0.05. RA, rheumatoid arthritis; CCP,
cyclic citrullinated peptide; HCDU, high‑frequency color Doppler
ultrasonography.
Figure 5. Cyclic citrullinated peptide antibody testing results of the study group.

Result of diagnosing RA with a combination method of CCP
antibody testing and HCDU examination. The sensitivity
of diagnosing RA with both anti‑CCP antibody testing and
HCDU examination was obviously lower than using each one
of these methods alone (P<0.05). The specificity was significantly higher (P<0.05; Table II) (Fig. 5).
Discussion

Figure 3. The high‑frequency color Doppler ultrasonography manifestation
of the articulationes interphalangeae of digitus medius of the control group.

Figure 4. Distribution of affected erosion suggested by high‑frequency
color Doppler ultrasonography. MCP, thumb metacarpophalangeal joint;
PPI, proximal interphalangeal joint; 1‑5, thumb to little finger, respectively.

little finger metacarpophalangeal joint and proximal interphalangeal joint (Fig. 4).

RA is a chronic inflammatory disorder that characteristically
affects the small joints in hands and feet (7). RA generally starts
in hand and foot joints progressing to other areas including the
knees, hips, and shoulders. The key RA symptom is swollen
joints, but RA can also cause fatigue, fever, and weight loss.
RA symptoms can cause the joints to become permanently
deformed over time which may lead to permanent disability.
As there is no cure for this disease, disability caused by RA is
irreversible. Prior studies demonstrated that early diagnosis and
treatment were effective on the patient condition and lowered the
osteoarticular damage and improved prognosis. X‑ray, often, is
used as a routine method for RA diagnosis; however, depending
on the method of X‑ray examination, RA could only be detected
several years after the appearance of the symptoms (6,8,9).
Blood test to detect rheumatoid factors is also a diagnostic
tool which has its limitations (10‑12). In recent years, HCDU
examination has received significant consideration for indication of early diagnosis in arthritis with no trauma that can be
repeatedly operated (13‑15). In this study, the HCDU examination was indicated in RA patients suffering from comparative
articular surface roughness and continuous interruption at the
margins. Blood signals could be observed on inner finger joints
and at the margins. The eroded cartilage and subcortex medullary substance of bone had low echogenicity and irregularly
defined tumor‑like lesion, and the internal echo was uneven.
By contrast, HCDU examination on the control group showed
no blood signals in the finger joints, cortical bones and articular surfaces were relatively smooth with continuous integrity.
Ultrasonic manifestation of cortical bones and subchondral
bones had a strong echo line with continuous smoothness at
the posterior edge of cartilage. Behind that was the attenuation region and the medullary substance of bone could not be
displayed.
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The positive blood ratio in interphalangeal joint detected
with HCDU previously (16) was 10%, while the ratio in
this study was 65.7%. Our results suggested that by HCDU
examination, the predominantly affected joint by bone erosion
was MCP3 (16.7%), followed by PIP3 (14.1%), MCP2 (13.5%)
and PIP2 (12.8%). The least affected joint was the thumb
metacarpophalangeal joint, followed by thumb, little finger
metacarpophalangeal joint and proximal interphalangeal joint.
Anti‑CCP antibody test is particularly useful in the diagnosis
of RA. Anti‑CCP antibody is a rheumatoid factor and elevated
level of anti‑CCP is a sign that the patient may be more likely
to develop the disease (17,18). Studies suggested (19) that
CCP antigens appeared in the RA patients in early stage, and
stimulated the proliferation of T cells. However, the appearance of the anti‑CCP antibodies was highly related to the
osteoarticular damage.
A prior study that conducted radiological evaluation of the
RA patients with 6 years of follow-up showed that patients
who were tested positive for anti‑CCP antibody suffered more
severe bone damage than those with negative results (20).
Other studies suggested that anti‑CCP antibody was related
to RA bone erosion to a certain degree (21). Results obtained
in this study showed that the positive rate of anti‑CCP antibody in the study group was 73.8%, and the negative rate was
26.2% (Fig. 5). The positive rate in the control group was
10% (and the negative rate was 90%. Reports on the use of
HCDU examination in combination with anti‑CCP antibody
testing in diagnosing RA are rare. Our results suggested that
the sensitivity of diagnosing RA with both anti‑CCP antibody
testing and HCDU examination was obviously lower than
using each of those methods alone, while the specificity was
significantly higher.
We concluded that a combination of HCDU examination
and anti‑CCP antibody testing can be considered useful to
improve the early diagnostic rate of RA. HCDU examination
is a sensitive, secure, atraumatic and easily‑operated diagnostic method for early RA patients with finger joint damage.
Combined with anti‑CCP antibody testing, it will provide a
better chance for RA patients, and give them hope for a better
treatment and improved prognosis.
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