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Abstract
Objective

To examine a contrast medium method using a glucocorticoid-air-saline mixture and ultrasound imaging (GAS-gra-
phy) for the verification of palpation-guided injections in different joints and to assess the inter-reader reliability of

the method.

Methods
A palpation-guided injection of an air-steroid-saline mixture was given into a joint or tendon sheath of 133 consecu-
tive patients. The dynamic ultrasound monitor images of the joints and tendons involved were videotaped before and
after the injection. A rheumatologist and two radiologists analyzed separately the video clips of each patient, under

blinded conditions. The readers evaluated the accuracy of the injections and the difficulty of the reading process. The
inter-reader agreement was assessed by calculating the percentual values and overall kappa coefficient between the

readers.

Results
The overall accuracy of the successful injections was 76%, 80% and 82 % evaluated by the three readers. In six out of
the ten injection sites the accuracy was higher than 80%. The clarity of the method evaluated by the readers was 8, 8

and 8.5 on a scale from 0 to 10. The inter-reader agreement assessed by percentual values was 84.2%, 85.0% and
88.7%. The kappa coefficient between all readers was 0.595 showing moderate agreement.

Conclusion
The GAS-graphy method for the verification of palpation-guided injections is a simple procedure performable to any

joint site and the result can be seen immediately on the monitor after the injection. The reliability of the method is
good and it can be used in developing injection techniques as well as in medical or nurse education. The method can

be used as an alternative for the radiographic contrast medium method in verifying successful palpation-guided intra-
articular injections.
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Introduction
Corticosteroids have been used in
rheumatology for more than fifty years
in the local treatment of arthritis, bursi-
tis and tenosynovitis. Viscosupplemen-
tation is another intra-articular thera-
peutic technique used in osteoarthritis
to alleviate symptoms.  During the past
ten years attention has been paid to the
accuracy of needle placement in per-
forming palpation-guided injections. In
the first report by Jones et al. (1) sever-
al joint sites were studied but in other
related articles mostly the knee and the
shoulder have been the principal targets
of interest (2-7). In most studies the
method used for the verification of pal-
pation-guided injections has been
injecting the mixture of radiographic
contrast medium and steroid into a tar-
get. Accuracy rates have varied bet-
ween 29% and 93 % (Table I).
Ultrasound (US) can help in soft tissue
injections. A needle guided with US
can be inserted accurately into the
body’s soft tissues, such as joints, bur-
sae and tendon sheaths if an acoustic
window is available (8, 9). Fredberg et
al. (10) and Qvistgaard et al. (11) have
used air in US guidance for the verifi-
cation of the needle and delivering the
drug. A large amount of air hampers
US imaging but, as we have reported
earlier, a little amount of air together
with steroid and saline forms an excel-
lent contrast medium in grey scale US
imaging (12). In this paper we show the
potential of the method using glucocor-
ticoid-air-saline as a contrast medium
and US imaging (GAS-graphy) for the
verification of palpation-guided injec-
tions in different joint and tendon
sheath sites and use three readers to
assess the reliability of the method.

Materials and methods
The ultrasound equipment used in this
study was Esaote Technos© (Esaote
Biomedica, Via Siffredi 58, 16153
Genova, Italy) equipped with two
probes: LA424 (frequency range 7, 5-
13 MHz) and LA523 (frequency range
5-10 MHz). Quality assurance mea-
surements were conducted on the ultra-
sound equipment and both probes. A
general purpose CIRS Model 40 -phan-
tom (CIRS Inc., Norfolk, VA, USA)

was used and measurements were con-
ducted twice at an interval of 18
months. Near-field resolution, axial re-
solution, lateral resolution, penetration
depth and accuracy of the horizontal
and vertical distance measurements
were determined. All quality assurance
measurements were conducted accord-
ing to the AIUM recommendations
(13).
A palpation-guided injection of a glu-
cocorticoid-air-saline mixture was
given into a joint or tendon sheath of
133 consecutive patients. The indica-
tion for the injection was arthritis or
tenosynovitis diagnosed clinically or
with US. The mean age of the patients
was 54.6 years (22-85 years). Eighty-
five were women and 48 men. The
diagnoses were: 86 rheumatoid arthri-
tis, 16 chronic oligoarthritis, 13 psori-
atic arthritis, 6 spondyloarthritis, 6
juvenile polyarthritis and gout, osteo-
arthritis, polymyalgia rheumatica,
snapping finger, scleroderma and
shoulder pain one of each. GAS-graphy
was performed into 27 knee, 23
metatarsophalangeal (MTP), 12 distal
interphalangeal (DIP) (hand), 12 proxi-
mal interphalangeal (PIP) (hand), 12
elbow, 11 glenohumeral, 11 radio-
carpal, 9 metacarpophalangeal (MCP)
and 6 tibiotalar joints as well as into 10
flexor tendon sheaths of the hand. The
injection technique of each site is
shown in Figure 1. The contrast medi-
um used was air + methylprednisolone
+ saline in 24 and air + triamcinolone-
hexacetonide + saline in 109 cases. The
amount of the steroid was 0.5 -1 ml and
of saline 1-10 ml, depending the size of
the synovial space. After adding the
steroid and saline into a syringe, non-
sterile room air (0.3 - 1ml) was drawn
in and the syringe was shaken for a few
seconds. The palpation-guided injec-
tions were conducted by the rheumatol-
ogist (JMK), who has 19 years of expe-
rience of joint and soft tissue injec-
tions, giving 1200 injections per year. 
The dynamic US monitor images of
joints and tendons involved were
videotaped by the author JMK before
and after the palpation-guided injec-
tions. The digital video camera con-
nected to the US equipment was Sony
DCR-TRV 900E. A dorsal longitudinal
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US scan was performed in DIP, PIP,
MCP, wrist, tibiotalar and MTP joints
in neutral positions. The flexor tendons
of the hand were depicted longitudinal-
ly and transversely on the volar side.
The elbow joint was recorded using a
longitudinal dorsal scan elbow in 90

degrees flexion. The glenohumeral
joint was depicted transversely in front,
obliquely in dorsal and longitudinally
in the underarm. The knee joint was
scanned placing the probe longitudinal-
ly on the lateral compartment. A slight
passive movement or compression of

the joint or tendon was executed during
the recording to get a better vision of
the movements of possible intrasyn-
ovial material. 
The rheumatologist (JMK) and two
radiologists (V-MK, HSH) analysed
the video clips of each patient separate-

Table I. Accuracy of needle placement in palpation-guided injections found in the literature (1-7).

Author Method Target Accuracy

Jones et al. -93 contrast agent and x-ray 1) several joints 1)  50 %
2) knee joint 2)  39 %

Eustace et al. -97 contrast agent and x-ray 1) subacromial bursa 1)  29 %
2) glenohumeral joint 2)  42 %

Partington and Broome  -98 dye in cadavers 1) subacromial bursa 1)  83 %
2) acromioclavicular joint 2)  67 %

Bliddal -99 air and x-ray knee joint 91 %

Yamakado -02 contrast agent and x-ray subacromial bursa 70 %

Jackson et al.-02 contrast agent and x-ray knee joint 71 % lateral approach
75 % medial approach
93 % midpatellar approach

Esenyel et al.-03 contrast agent and x-ray subacromial bursa 87 %

Fig. 1. The palpation-guided injection techniques of the joints and tendon sheath used in the study.1 = distal interphalangeal, 2 = proximal interphalangeal,
3 =  flexor tendon sheath of the hand, 4 = metacarpophalangeal, 5 = radiocarpal, 6 = elbow, 7 = tibiotalar 8 = glenohumeral, 9 = knee and 10 = metatar-
sophalangeal.



ly and under blinded conditions. The
radiologists knew the identity of the
patient, the joint site involved and the
orientation of the transducer. They
reported in the documentation sheet
whether the injections were inside or
outside the synovial target. The third
option was: I can’t say. The given crite-
ria for successful injections were: a
clear anechoic widening of the syn-
ovial space due to saline and/or finding
the characteristic white dots or lines
(due to air or steroid) inside the syn-
ovial space. After filling out the docu-
mentation sheet they evaluated each
injection site as to the difficulty level of
the reading process on the scale 0 – 10.
Zero meant very difficult and unclear,
ten very easy and clear decision. The
inter-reader agreement was assessed by
calculating the percentual agreement
and overall kappa coefficient between
the readers (14 - 15). The following de-
finitions for the kappa coefficient have
been described: kappa < 0.00 means
poor, 0.00- 0.20 slight, 0.21- 0.40 fair,
0.41-0.60 moderate, 0.61-0.80 substan-
tial and 0.81-1.00 almost perfect agree-
ment.
The study was approved by the local
ethical committee and the patients gave
their informed consent.

Results
The performance of the B-mode of the
US equipment, used was excellent. In
the quality assurance measurements the
near-field resolution, axial resolution
and lateral resolution of the system
were < 1.0 mm, < 0.5 mm and < 1.0
mm, respectively. The maximum pene-
tration depth was 60 mm when work-
ing with the LA424 probe and 100 mm
with the LA523 probe. The accuracy of
the horizontal distance measurements
was 1.0 % at the depth of 2 cm from the
surface (both probes) and 1.0 % at the
depth of 9 cm from the surface (probe
LA523). The accuracy of the vertical
distance measurements was between
1% and 5 % depending of the probe,
measured distance or depth. All the
parameters measured were the same
after 18 months. 
The overall success figures of accuracy
in all injection sites were 76% (HSH),
80% (JMK) and 82 % (V-MK). The

accuracy percents varied between 30-
100 in different joint sites. However, in
six out of the ten injection sites the accu-
racy was more than 80% among all
readers (Table II) (Figs. 2, 3). The pro-
cedure caused neither complications nor
side effects in the 6 months follow-up
period. The outcome of the sites treated
was not the objective of this study.
The GAS-graphy method was a new
technique for the two radiologists.
After a short theoretical initiation to the
technique they did not find it difficult
to evaluate the cases on the videotape.
The inter-reader agreement, as assessed
by percentual values, was 84.2%,
85.0% and 88.7%. The kappa coeffi-
cient between all readers was 0.595
showing moderate agreement. The
average grade of clarity in evaluating
the reading process was 8,17 on the
scale from zero to ten (Table III).

Discussion
The palpation-guided injection of
joints and soft tissues is an important
clinical skill used in everyday work by
doctors in several specialty fields.
There are studies to show the outcome
as better when corticosteroid is injected
into the target planned (2, 16-17), but
also reports to the effect that a total
accuracy of needle placement may not
be essential to a satisfactory outcome
(18-19). However, it is obvious that
discomfort experienced by the patient
and tissue atrophy within the extra-
articular soft tissues can be diminished
if the needle is placed accurately. Vis-
cosupplementation should also be in-
jected into the joint cavity. It is not an
easy task to perform when the joint
(commonly the knee) is dry or the
patient is obese. It is said that soft tis-
sue injection techniques are easily
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Table II. The accuracy figures of palpation-guided injections by the three investigators site
by site. The figures are % of the 133 injections. JMK, V-MK and HSH are the readers.

Site Injection is inside Injection is outside I can’t say
the target the target

JMK/V-MK/HSH JMK/V-MK/HSH JMK/V-MK/HSH

All sites 80/82 /76 13/14 /19 7/4 /5

Radiocarpal joint 100/91/100 0/9/ 0  
Elbow joint 100/92/100 0/8/0
Metacarpophalangeal joint 100/100/100
Knee joint 93/96/86 3/4/7 4/ 0/7
Proximal interphalangeal joint 92/92/58 8/8/ 25 0/0/17
Tibiotalar joint 83/83/100 0/17/0 17/0 /0
Glenohumeral joint 82/91/91 9/9/9 9/ 0 /0
Distal interphalangeal joint 68/58/68 16/9/16 16/33/16
Metatarsophalangeal joint 57/65/48 30/30/48 13/5/4
Flexor tendon sheath of the hand 30/50/40 60/50/60 10/0/0

Fig. 2. GAS-graphy of the elbow joint.  Elbow is flexed 90 degrees and the transducer is longitudinal-
ly dorsal. On the left panel the joint  before and on the right panel after injection. In the image on the
right  the amount of fluid has increased and the typical white dots of air can be seen.



learned (20). However, the studies
show various success rates in needle
placement (Table I). Thus it is still im-
portant to evaluate and develop palpa-
tion-guided injection techniques as
shown by Jackson et al. A fluoroscopy
study showed that the midpatellar por-
tal with the knee extended was the most
accurate approach for intra-articular
needle placement into a knee with no
effusion. 
This paper introduces a method for the
verification of intra-articular or intra-
tendon sheath injections using a con-
trast medium of mixture with glucocor-
ticoid, air and saline imaged with US
(GAS-graphy). As we have shown in
earlier work, air is the principal pro-
ducer of contrast in US imaging but in
experimental conditions the best con-
trast was achieved using all the three
components (12). A small amount of air
injected together with the steroid and
saline can be seen in the target as minor
dots, a white line or in patches. Saline
is needed to increase the volume of the
mixture, which is important when the
post-injection images are compared
with the images taken before the proce-
dure. Saline is also needed as a carrier
of the steroid and air bubbles. The

steroid suspension contains crystals
and is less echogenic by itself but com-
bined with saline and air they produce
the best contrast. The crystals probably
diminish the size of the air bubbles and
make the mixture more homogenous.
Passive or active extension and flexion
movements of the site injected are ess-
ential in searching for the contrast
medium in the target space.  
In this study more synovial sites were
examined than in previous papers. The
GAS-graphy worked also when injec-
tions into the tendon sheaths were eval-
uated. Only Jones et al. examined sev-
eral joint sites. They found out that the
overall accuracy of injections in differ-
ent joints was only about 50%. In that
paper the injections were predominant-
ly performed by trainee rheumatolo-
gists. We report here higher success
rates emphasizing variability among
doctors performing blind injections.
However, it should be noticed that the
accuracy figures in these two papers
are not fully comparable, because in
the present paper the same person per-
formed the preceding sonography and
injections. Thus, the injection proce-
dure can not perfectly be regarded as
blind.
In the knee joint the success rate was
92% (mean of the three readers) being
interestingly almost the same as report-
ed by Jackson et al. (93%). Both stud-
ies used the midpatellar portal for
delivering the contrast medium into the
joint cavity. There were low success
rates in some synovial sites like MTP
joints and tendon sheaths. Especially
here the US could be used to guide the

needle more accurately. The author
(JMK) always uses US guidance in the
hip joint, subacromial bursa and mid-
tarsal joint injections and therefore
these sites were not included in this
palpation-guided injection study.
The GAS-graphy method introduced in
this study was found to be accurate and
inter-reader agreement was moderate
(the kappa coefficient was 0.595).
However, calculated percentually the
inter-reader agreement was excellent
(84%-89%). The clarity of the method
evaluated by the readers was accept-
able. In only a few cases the readers
could not say whether the injection was
inside or outside of the target evaluat-
ed. The percentage of reportable US
images in this study is higher than that
of reportable x-rays in the Jones’s
study. However, in the reporting on the
videos on some joints there were
marked discrepancies. This can be due
to different interpretations of the US
criteria by the assessors. For a further
validation and establishing of the tech-
nique some amount of training exercise
to agree on reporting techniques with
subsequent re-scoring of the blinded
videos should be considered.
The GAS-graphy method described for
the verification of palpation-guided
injections is a simple procedure. The
method does not use radiation, it can be
performed to any joint site and the
result can be seen immediately on the
monitor after the injection. The method
can be used in developing  injection
techniques and in medical or nurse edu-
cation. In the author’s opinion the
method could be an alternative for the
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Fig. 3. GAS-graphy of the radiocarpal joint.
Upper panel: US image of the wrist joint show-
ing fluid and proliferation in the radiocarpal
(asterisk) and midcarpal joints. The transducer is
longitudinally dorsal, the radius is on the right.
Lower panel: the same joint after an injection of
the contrast medium with air-steroid-saline
showing white lines and dots in the radiocarpal
joint as a verification of a successful injection
into the target.

Table III. Grade of the clarity in the GAS-graphy technique evaluated by the readers, injec-
tion site by site. The scale is zero to 10, zero meaning very difficult and unclear, 10 very
easy and clear decision. JMK, V-MK and HSH are the readers.

Site Grade by JMK Grade by V-MK Grade by HSH

Overall evaluation 8.5 8 8
Radiocarpal joint 10 7 9
Elbow joint 10 8 10
Metacarpophalangeal joint 8 7 7
Knee joint 10 9 10
Proximal interphalangeal joint 8 7 7
Tibiotalar joint 8.5 8 10
Glenohumeral joint 8.5 9 10
Distal interphalangeal joint 8 7 7
Metatarsophalangeal joint 7 7 7
Flexor tendon sheath of the hand 6 7 8
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radiographic contrast medium method
in the verifying success of palpation-
guided intra-articular injections.
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