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The Dorsal 4-finger Technique: A Novel Method to
Examine Metacarpophalangeal Joints in Patients with
Rheumatoid Arthritis
Mohammed A. Omair, Pooneh Akhavan, Ali Naraghi, Shikha Mittoo, Juan Xiong, 
Deborah Weber, Daming Lin, Melissa Weber, and Edward C. Keystone

ABSTRACT.   Objective. To describe the dorsal 4-finger technique (DFFT) in examining metacarpophalangeal
(MCP) joints of patients with rheumatoid arthritis (RA) and compare it to the traditional 2-finger
technique (TFT) using ultrasound (US) as a gold standard.

                        Methods. Four rheumatologists evaluated 180 MCP joints of 18 patients with RA. All patients
underwent US for greyscale  (GSUS) and power Doppler US (PDUS). Agreements between rheuma-
tologists, the 2 techniques, and US were evaluated using Cohen k and the first-order agreement coeffi-
cient (AC1) k methods.

                        Results. The population comprised 17 females (94.4%) with a mean (SD) age and disease duration
of 56.8 (14.4) and 21.8 (12.9) years, respectively. Eight patients (44.4%) were taking methotrexate
monotherapy, while 10 patients (55.6%) were receiving biologics. US evaluation revealed 69 (38.3%)
and 30 (16.7%) joints exhibited synovitis grade 2–3 by GSUS and PDUS, respectively. Effusion was
documented in 30 joints (16.7%). The mean intraobserver agreement using the DFFT and TFT were
80.5% and 86%, respectively. The mean interobserver agreements using the DFFT and TFT were
84% and 74%, respectively. k agreement with US findings was similar for both techniques in tender
joints but was higher for the DFFT in nontender joints (0.33 vs 0.07, p = 0.015 for GSUS) and (0.48
vs 0.11, p = 0.002 for PDUS). The DFFT had a higher sensitivity in detecting ballottement by GSUS
(0.47 vs 0.2, p < 0.001) and PDUS (0.60 vs 0.27, p < 0.001). 

                        Conclusion. The DFFT is a novel, reproducible, and reliable method to examine MCP joints, and it
has a better correlation with US than the traditional TFT. (J Rheumatol First Release January 15 2018;
doi:10.3899/jrheum.161507)

                        Key Indexing Terms: 
                        RHEUMATOID ARTHRITIS                                                 METACARPOPHALANGEAL JOINTS
                        MUSCULOSKELETAL EXAMINATION ULTRASOUND 
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Joint counts are key elements of outcome measures in
rheumatoid arthritis (RA). With the exception of the
European League Against Rheumatism (EULAR) 28-joint
Disease Activity Score (DAS28)1,2, tender and swollen joint
counts are given equal weight in other disease activity and
response measures, including the Simplified Disease Activity
Index3, Clinical Disease Activity Index4, American College
of Rheumatology (ACR) response measures5, and Boolean
remission criteria6. However, the swollen joint count (SJC)
remains preeminent, given that it is predictive of structural
damage more than the tender joint count7,8,9,10. The SJC has
also been shown to be more predictive of progression of
structural damage in patients near remission than the
C-reactive protein (CRP)8. A poor correlation between the
SJC and CRP suggests that they may be measuring different
elements of the pathogenic process in RA11. In fact,
radiographic progression in patients achieving DAS28
remission appears to be driven by residual swollen joints12. 
    Imaging techniques such as ultrasound (US) and magnetic
resonance imaging (MRI) have been shown to be more
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sensitive in detecting synovitis than clinical examination13–18.
Studies have shown a modest correlation between joint
swelling and power Doppler US (PDUS) positivity16. As
might be expected, joint swelling, not joint tenderness, corre-
lated with PDUS positivity19. Of importance, PDUS has
demonstrated greater predictability of structural damage
compared with joint swelling20,21. There are some limitations
in using US in daily clinical practice22 and as an outcome
measure in clinical trials23. Thus, we reasoned that any
clinical examination technique to detect joint swelling that
improves the correlation between joint swelling and power
Doppler positivity would be clinically useful. This would
apply particularly to the metacarpophalangeal joints (MCP),
which tend to demonstrate erosions early in RA and often
lead to significant loss of hand function and disability. Based
on these concepts, one of us (ECK) developed a novel
4-finger technique of joint examination to improve the
detection of swelling in the MCP. The purpose of our study
was to validate this novel clinical examination technique
using US.

MATERIALS AND METHODS
Clinical assessment. Our study was carried out by 4 rheumatologists who
evaluated joint swelling of 10 MCP joints from 9 patients with RA in random
order (2× on the same day, 2 h apart). A second set of 9 different patients
was evaluated by the same 4 rheumatologists 2 weeks later. In total, 180
MCP were evaluated in the study. In each joint examination, joint swelling
and tenderness by palpation was evaluated. Joint swelling was determined
to be ballotable or spongy by the standard 2-finger (TFT) or the dorsal
4-finger (DFFT) technique. A ballotable joint is defined as having a palpable
swelling that can be bounced back and forth, while a spongy joint is defined
to have a palpable swelling that cannot be mobilized. 
      Only 1 of the 2 techniques was performed by 2 of the 4 rheumatologists.
The technique chosen for our study was the technique used in their clinical
practice. ECK trained MO to perform the DFFT. Because we wished to
evaluate the techniques as carried out in clinical practice, no standardization
of techniques was performed prior to the study. 
Using the TFT. The TFT was performed by palpating the MCP joint while
flexed at about 45°. The medial and lateral side of the joint were palpated
simultaneously by the thumbs of each hand to determine its ballotability
(Figure 1). If the joint was not ballotable but soft tissue swelling was still
felt to be present, the swelling was considered spongy. Both PA and SM used
the TFT in our study.
Using the DFFT. The DFFT was performed on the MCP using the following
steps: The finger is supported by the third to fifth fingers of the examiner’s
dominant hand (Figure 2A), and then the finger is extended by 45° or the
maximum degree of extension possible (Figure 2B). The thumb and index
finger of both hands are held on dorsal surface of the MCP and a diamond
shape is formed (Figure 2C). Ballottement is then performed using the tips
of the 4 fingers (Figure 2D). With the thumb and joints that could not be
extended to 45°, the DFFT was performed while the MCP joint was extended
to the maximum degree possible.
US examination. Within 90 min of the clinical evaluation, all patients
underwent US examination by a certified musculoskeletal radiologist blinded
to the clinical evaluation. The US examination was performed on all MCP
joints with a commercial real-time scanner (Esaote MyLab 70, Biosound)
using a multiplanar scale greyscale US (GSUS) and PDUS. Both GSUS and
PDUS images were recorded for each joint. Synovitis was defined according
to Outcome Measures in Rheumatology (OMERACT) definitions24,25 as a
grade of ≥ 1 for GSUS and PDUS mode, separately. Synovitis was scored

on GSUS images using a 0-3 scale, with definitions for each grade as
follows: grade 0 (no synovial thickening), and grades 1–3 (mild, moderate,
or severe thickening, respectively). For PDUS images a 0-3 scale was also
used, where grade 0 showed no signal or intraarticular flow, grade 1 showed
mild with signal from 1-2 vessels (including 2 confluent vessels), grade 2
showed moderate vessel confluence accompanying < 50% of the normal
synovial surface, and grade 3 showed marked vessel confluence accom -
panying > 50% of the normal synovial surface.
Statistical analysis. Agreements between examiners and between the TFT
and DFFT, as well as the agreement between each technique and US, were
examined. To evaluate agreements, US findings were stratified into 2 groups.
In GSUS assessment, grades 0 and 1 were considered negative, and the rest
positive. In PDUS assessment, grade 0 was considered negative, and the rest
positive. Both Cohen k and the first-order agreement coefficient (AC1) k,
as well as sensitivity, specificity, and positive and negative predictive values
were applied to the data to show the degree of agreements.
      The study was approved by the Mount Sinai Hospital Research Ethics
Board (approval number 12-0077-E).

RESULTS
Study population. The study population consisted of 18
patients with RA who fulfilled the 1987 ACR criteria26. The
population comprised 17 women (94.4%) with a mean (SD)
age and disease duration of 56.8 (14.4) and 21.8 (12.9) years,
respectively. Eight patients (44.4%) were receiving metho -
trexate monotherapy, while 10 patients (55.6%) were
receiving biologics monotherapy or combination (Table 1).
There was a significant variation in the number of detected
inflamed joints among examiners. On average, 49 joints were
found to be ballotable (range 14–72), 70 joints were spongy
(range 49–86) and 52 were tender (range 49–62).
Distribution of US findings. The US findings in the 180 MCP
joints evaluated revealed that 95 (52.8%) joints exhibited
GSUS synovitis with 69 (38.3%) having grade 2 or 3 on the
severity scale; effusions were documented in 30 joints (16.7%).
PDUS synovitis was observed in 54 (30%), with 30 (16.7%)
exhibiting grade 2 or 3 on the severity scale (Table 1). 
Intraobserver and interobserver agreement between examiners
for ballottement and sponginess. For the 180 MCP joints
evaluated, the mean intraobserver agreement for ballottement
using the DFFT and TFT were 80.5% and 86%, respectively.
The mean interobserver agreements for ballottement for the
DFFT and TFT were (94) 84% and (99) 74%, respectively. 
    The mean intraobserver agreements for spongy for the
DFFT and TFT were 73.5% and 74.5%, respectively. The
mean interobserver agreements for spongy for the DFFT and
TFT were 75% and 67%, respectively. 
Agreement between clinical and US measures. Cohen k
agreement between positive ballottement and US findings
was greater for the DFFT in both GSUS (0.37 vs 0.19, 
p = 0.078) and PDUS (0.53 vs 0.30, p = 0.037). As noted, the
clinical finding of ballottement had a stronger agreement with
PDUS than GSUS. Ballottement by the DFFT correlated
more with positive findings detected by GSUS and PDUS
compared to the TFT (Table 2). Both techniques had compa-
rable high specificity in detecting US abnormality when

2 The Journal of Rheumatology 2018; 45:3; doi:10.3899/jrheum.161507
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joints were determined to be ballotable (Table 2). Similar
findings were also observed for the spongy clinical measure
with a numerically higher agreement rate with PDUS for the
DFFT (39%) compared to the TFT (23%; Table 2). 

Effect of joint tenderness on agreement between clinical and
US outcomes. We next evaluated the influence of joint
tenderness on the agreement between joint swelling and the
US outcomes. The results showed that ballotable tender joints
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Figure 1. The 2-finger technique was performed by palpating the MCP while flexed at about
45°. The medial and lateral side of the joint were palpated simultaneously by the thumbs of each
hand. MCP: metacarpophalangeal joints.

Figure 2. The dorsal 4-finger technique is performed on the MCP using the following steps: (A) The finger is supported by the 3rd-
5th fingers of the examiner’s dominant hand. (B) The finger is extended by 45° or the maximum degree of extension possible. (C)
The thumb and index finger of both hands are held on dorsal surface of the MCP. (D) A diamond shape is formed and ballottement
is performed using the tip of the 4 fingers. MCP: metacarpophalangeal joints.
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were more likely to be PDUS positive (k = 0.63 for DFFT and
0.49 for TFT) compared to ballotable nontender joints 
(k = 0.48 for DFFT and 0.11 for TFT) for both techniques.
When analyzing ballotability in nontender joints, the DFFT
had a better k agreement with US for both GSUS (0.33 vs
0.07, p = 0.015) and PDUS (0.48 vs 0.11, p = 0.002).
Additionally, the DFFT had a higher sensitivity in nontender
joints to detect GSUS (41% vs 6%, p = 0.004) and PDUS
(53% vs 8%, p = 0.004) synovitis. There was no significant
difference between both techniques when assessing agreement
and sponginess for both tender and nontender joints (Table 3).

DISCUSSION
Our study evaluated a novel examination technique for MCP
joint swelling and assessed its sensitivity for detection and
correlation with GSUS and PDUS compared to the traditional
TFT. With the increasing use of US and MRI in the daily
clinical practice, there has been less emphasis on clinical
examination skills by rheumatologists. However, time
constraints in a busy clinical practice make it less feasible
and cost effective for the rheumatologist to use imaging. We

believe that an improved sensitive technique to detect joint
swelling with better US correlation would provide clinicians
with more clinically relevant information upon which to base
their decisions. This concept is supported by the ability of
PDUS and joint swelling to predict structural damage10,20.
Recently, Gartner, et al have shown that clinical inactivity is
associated with a low risk of radiographic progression and
that silent joint progression occurs in 5.8% of patients27. In
our study, the DFFT detected more nontender joints. This
suggests that in the absence of tenderness, the DFFT might
give a more accurate assessment of the activity of the disease
and inform treatment decision. To prove this point, a different
longitudinal study comparing both techniques as assessment
tools of disease activity and guiding treatment change need
to be conducted with radiographic progression over time as
the primary outcome.
    Similar to previously published studies14,17,28, our results
demonstrated reasonable intraobserver and interobserver
agreements between examiners for ballottement, despite the
lack of standardization prior to the study. This likely reflected
the routine use of these techniques by the examiners in their
own clinical practice. Our results demonstrated that
agreement between ballotable joint swelling and both GSUS
and PDUS using the DFFT was superior to the TFT. Thus, in
developing the DFFT, we reasoned that extending the MCP
would tighten the flexor tendon and push the soft tissue
dorsally to detect ballottement more readily. We assumed that
using 4 fingers instead of 2 would be more sensitive in
detecting ballottement. Of note, detection of soft tissue
swelling or “sponginess” over the joint that was not ballotable
correlated to a much lesser extent with US findings. Given
that PDUS synovitis is a good predictor of structural joint
damage, ballottement of an MCP joint is a clinically relevant
finding that would influence clinical decision making. We
determined that swollen joints that were tender exhibited the
highest likelihood of exhibiting PDUS synovitis. In contrast,
tender joints that were not swollen correlated poorly with
PDUS synovitis, supporting the concept that only joint
swelling, not tenderness, leads to structural damage. Our
findings are consistent with those of Szkudlarek, et al, who

4 The Journal of Rheumatology 2018; 45:3; doi:10.3899/jrheum.161507
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Table 1. Demographics and US findings of the study population. Values are
n (%) unless otherwise specified.

Variables                                                                Values

Demographics, n = 18
     Age, yrs, mean ± SD                                    56.8 ± 14.4
     Disease duration, yrs, mean ± SD                21.8 ± 12.9
     Female                                                           17 (94.4)
Medication
     MTX monotherapy                                         8 (44.4)
     Biologics                                                        10 (55.6)
US findings, n = 180
     GSUS synovitis                                              95 (52.8)
     GSUS synovitis grade 2–3                             69 (38.3) 
     PDUS synovitis                                               54 (30) 
     PDUS synovitis grade 2–3                             30 (16.7) 
     Effusion                                                         30 (16.7)

US: ultrasound; GSUS: greyscale US; PDUS: power Doppler US; MTX:
methotrexate.

Table 2. Agreement between clinical findings and US results with pooled assessments of 2 examiners for each physical examination method in 2 rounds. 

Clinical Finding  US Technique   Examination    Agreement k                              Sensitivity        Specificity             PPV                  NPV
                                                       Technique                                   Cohen                  AC1
                                                                                                               
Ballottement              GSUS               DFFT                0.73                 0.37                    0.53                    0.47                  0.87                  0.68                   0.75
                                                            TFT                 0.67                 0.19                    0.48                    0.20                  0.97                  0.79                   0.66
                                  PDUS               DFFT                0.81                 0.53                    0.69                    0.60                  0.90                  0.73                   0.84
                                                            TFT                 0.77                 0.30                    0.67                    0.27                  0.97                  0.79                   0.77
Spongy                      GSUS               DFFT                0.74                 0.43                    0.51                    0.65                  0.78                  0.62                   0.80
                                                            TFT                 0.68                 0.31                    0.42                    0.49                  0.80                  0.61                   0.72
                                  PDUS               DFFT                0.73                 0.39                    0.51                    0.67                  0.75                  0.53                   0.85
                                                            TFT                 0.68                 0.23                    0.47                    0.49                  0.76                  0.41                   0.80

GSUS: greyscale ultrasound; PDUS: power Doppler ultrasound; DFFT: dorsal 4-finger technique; TFT: 2-finger technique; PPV: positive predictive value;
NPV: negative predictive value; US: ultrasound; AC1: first-order agreement coefficient.
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showed that joints with swelling and tenderness correlated
better with GSUS and PDUS synovitis than tenderness
only15. Our findings are also consistent with the previous
literature on the correlation between joint swelling and
PDUS, with the additional finding of the enhanced corre-
lation with tender swollen joints. As with others, we found a
lower correlation between GSUS and our clinical findings,
compared with PDUS. Salaffi, et al28 found the agreement
between joint swelling and US synovitis to be 76.1%, while
Le Boedec, et al29 found that the agreement between GSUS
synovitis and joint swelling on examination of the first to fifth
MCP was lower (0.23–0.41) than for that of PDUS synovitis
and joint swelling (0.32–0.49)29. Similar to our results with
ballotable swollen MCP, Garrigues, et al30 reported that the
agreements between GSUS and PDUS synovitis with MCP
swelling were 0.47 and 0.51, respectively. 
    Both US and MRI have been shown to add value for the
assessment of synovitis in patients with RA. The EULAR and
OMERACT US and MRI working groups have provided
important consensus definitions of joint inflammation and
damage using these clinical tools24,31. The most recent
EULAR recommendations on the use of clinical imaging in
RA have recommended both tools but have not preferred one
over the other32. US is more feasible for multijoint scanning
in a single setting and is more cost-effective, but it is limited
because it is operator-dependent. Studies evaluating MRI and
US in patients with RA concluded that both modalities are
superior to clinical examination13,33. While most studies used
MRI as the gold standard, US appears to have a good corre-
lation with MRI and might even be superior in detecting joint
and tendon sheath effusions in small joints versus MRI34.
    Our study suggests that the DFFT is a reliable examination
method to examine MCP joints in patients with established
RA. These findings need to be validated in early RA and

other forms of inflammatory arthritis. We believe that the
DFFT technique is easy to learn and perform. Before dissem-
inating this technique, more studies are required to confirm
the current findings from other institutions.  
    There were several limitations to our study. The sample
size was small and MCP joints were examined by only 2
examiners for each technique. Although there was good
intraobserver agreement, there was a more modest inter -
observer variability, likely because of a lack of prior standard-
ization. Moreover, the patients were selected based on
availability for the study and not on disease activity. A high
proportion of the study population had established RA with
predominantly soft tissue swelling rather than effusions. 
    The DFFT is a novel physical examination technique for
detecting MCP joint swelling characterized by ballotability
that is more sensitive than the standard TFT detection
technique, and it correlates better with US findings. 
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