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This study is aimed at evaluating the short-term
effects of a single corticosteroid injection of the
acromioclavicular joint on the range of motion of the
shoulder joint using a three dimensional electromag-
netic tracking system (FASTRAK) in patients with
isolated unilateral acromioclavicular joint (ACJ)
arthropathy.  Eighteen patients (16 male, 2 female ;
mean age : 47.53 years), with isolated unilateral ACJ
arthropathy were included in the study. Injection of
the symptomatic ACJ with local anaesthetic and cor-
ticosteroid was performed under image intensifier
guidance. Bilateral shoulder FASTRAK assessment
before and two weeks after injection of the sympto-
matic ACJ was performed, measuring flexion/exten-
sion, anatomical abduction, scapular abduction and
horizontal cross body adduction. Pain was measured
using a visual analogue scale.
There was a significant difference in the range of
movement between the symptomatic and asympto-
matic shoulder before the injection (p < 0.01). Range
of extension and pain score of the symptomatic
shoulder improved significantly (p < 0.05 and
p < 0.001, respectively) after the injection. In patients
with radiographical evidence of degenerative ACJ
disease, there was also significant improvement in
the range of horizontal flexion (p < 0.05).
Injection of the ACJ with local anaesthetic and corti-
costeroid was found to produce short-term pain relief
and partial improvement in the range of movement.
FASTRAK is useful in the measurement and docu-
mentation of range of motion, and can be used to
assess the treatment outcome in patients with isolat-
ed ACJ arthropathy.

Key words : acromioclavicular joint ; corticosteroid
injection ; shoulder movement.

INTRODUCTION

Pathology affecting any of the glenohumoral,
acromioclavicular, scapulothoracic and subacromial
articulations is likely to affect the range of move-
ment of the shoulder joint complex (8). If more than
one of these four articulations is symptomatic, it is
often difficult to ascertain the primary cause for the
pain and the restricted range of motion of the
shoulder. 

The function of a joint may be determined by the
assessment of activities of daily living, but mea-
surement of joint movement depends on suitable
equipment and techniques. Recent developments in
goniometer design have allowed reliable clinical
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measurement of motion at one and two axes articu-
lations (e.g. knee or wrist) (9). Goniometric mea-
surements for scapular and glenohumeral move-
ments have high interobserver variability (9).

Over the past decade, three-dimensional tracking
devices have been evaluated for their accuracy,
consistency, validity, reproducibility and intra- and
inter-observer reliability (1-3, 6, 10, 20) on normal
shoulder joints (5, 6, 10, 12) and the cervical (6) and
lumbar (10, 13, 19) spine. These three-dimensional
tracking devices are either optoelectronic or mag-
netic. FASTRAK has been used to assess shoulder
(6) and scapular (7) movement, spinal movements
in normal subjects and patients with lower back
pain (2). Other electromagnetic systems have been
used for three-dimensional assessment of shoulder
and scapular movement in normal subjects and in
patients with frozen shoulder (20). Measurements
using sensors attached to the skin has been com-
pared with those using sensors fixed directly to the
bones. Sensors attached to the skin provide a reli-
able representation of motion of the underlying
bone (11).

The acromioclavicular joint (ACJ) permits
motion in three planes : anteroposterior gliding of
the acromion during protraction and retraction of
the scapula, tilting of the acromion during abduc-
tion and adduction of the arm, and rotation of the
acromion. We evaluated the short term effects of a
single corticosteroid injection of the acromioclav-
icular joint on the range of motion of the shoulder
joint using a three dimensional tracking system

(FASTRAK) in patients with isolated unilateral
acromioclavicular joint (ACJ) arthropathy. 

PATIENTS AND METHODS

Eighteen patients (16 male, 2 female), with a
mean age of 46.3 years (range : 31 to 69) were
studied. All patients had been diagnosed with iso-
lated, unilateral ACJ arthropathy [osteoarthritis (n
= 13), weightlifters clavicle (osteolysis of the distal
clavicle (17) (n = 4), acromioclavicular disruption
(n = 1)] by the senior author (CWJ). Patients with
any clinical or radiographical suspicion of more
than a single pathology around the affected shoul-
der, patients with bilateral involvement or any evi-
dence of pathology below the ACJ level (i.e. com-
bined subacromial and acromial pathologies) were
excluded from the study. 

After informed consent was obtained, demo-
graphic data were collected. The pain level was
assessed using a visual analogue scale. 

FASTRAK measurements were performed
before and after injection of the ACJ with a mixture
of 20 mg Triamcinolone Hexacetonide (Wyeth
Laboratories, Berkshire, UK, Bristol-Myers Squibb
SpA., Contrada Fontana del Ceraso, Italy) and 1 ml
of 0.5% Bupivacaine (Astra Pharmaceuticals Ltd,
Kings Langley, England). FASTRAK has been
developed by Polhemus (Colchester, VT, USA) in
the early 1990’s to monitor aircraft pilots and to be
used in the animation industry. FASTRAK is a 3-
dimensional tracking device based on emission of a

Table I. — Range of movement of the glenohumeral joint before and after the injection of ACJ

Range of Movement in degrees : Flexion Extension Anatomical Scapular Horizontal
Mean (Standard Deviation) (n=18) Abduction Abduction Abd/adduction

Gleno-humeral Symptomatic Pre-injection 125.5° 37.1° 129.2° 127.4° 126.2°
motion (30.1) (10.2) (35.8) (31.6) (43.2)

Post-injection 137.8° 45.0° 142.9° 138.7° 144°
(18.1) (9.8) (29.2) (23.9) (30.6)

Asymptomatic First 143.8° 48.9° 160.1° 148.9° 150.6°
measurement (15.7) (12.8) (25.3) (16.4) (28.5)

Second 148.8° 48.2° 161.7° 149.4° 157.6°
measurement (12.6) (13.5) (26) (17.8) (20.1)

at 2 weeks
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low frequency magnetic field by a transmitter.
Within this magnetic field, the position and orien-
tation of up to four sensors and their spatial rela-
tionship can be recorded simultaneously. It pro-
vides dynamic, real-time six degrees of freedom
measurement. It computes the position (X, Y, Z
Cartesian coordinates) and orientation (azimuth,
elevation and roll) of the sensor through space rel-
ative to the source transmitter (6). Each sensor mea-
sures data in three different planes : a primary
plane of movement and two secondary planes. The
recording is performed digitally on a computer.
The data can be represented as a real time graph or
numerically as range of movement.

The first FASTRAK assessment was done before
injecting the ACJ. Double-sided adhesive discs
were used to fix all sensors to the skin. The first
sensor was placed on the manubrio-sternal joint.
The second sensor was placed on the acromion,
identified as the mid-point between the most
prominent lateral part of the acromion process and
the lateral end of the clavicle. The third sensor was
placed on the ipsilateral lateral epicondyle. The
wires connecting the sensors to the transmitter
were secured with Micropore surgical tape (3M
Healthcare Ltd. Loughborough, Leicestershire,
UK) to avoid pull on the sensors.

Movements in each plane were performed con-
secutively without stopping so as to obtain three
measurements of each movement : one in the pri-
mary plane and two in the secondary planes. The
Fastrak was centred at 0° before movements in a
new plane began. Four active motions of the shoul-
der were assessed. The patients sat on a high stool
in front and within 60 cm of the electromagnetic
wave transmitter with the elbow fully extended
beside the trunk and the thumb pointing anteriorly
(neutral position). The patient was asked to elevate
the arm as forward as possible (forward flexion)
and then to swing it backwards as far as possible
passing through the neutral position (extension).
The second movement was abduction in the frontal
plane (90° to the sagittal plane), starting from the
neutral position and back to neutral. The third
movement assessed was abduction in the scapular
plane (at 45° to the frontal plane). Finally, cross
body adduction of the arm with the shoulder in

plane of 90° forward flexion was performed (15).
This maneuvre began with maximal abduction in
this plane followed by adduction across the chest.
Each manoeuvre was recorded after a trial run and
confirmation that the patient satisfactorily under-
stood the instructions.

Intervention

The symptomatic ACJ was injected under image
intensifier control with aseptic technique using a
mixture of 20 mg Triamcinolone Hexacetonide and
1 ml of 0.5% Bupivacaine. The subcutaneous tissue
was injected with 2 ml of 1% Lignocaine prior to
the joint injection.

All patients were reviewed two weeks after the
injection. Each patient was asked whether the pain
had improved, remained unchanged, or worsened.
Also, patients were asked about the duration
between injection and noticing pain relief, how
long did the pain relief last, and how much pain
they had at the time of the FASTRAK measure-
ment on visual analogue scale. Thereafter, the sec-
ond FASTRAK assessment was performed in the
same fashion as described. After the second FAS-
TRAK measurement, patients were followed clini-
cally after 6 months.

Statistics

Motion of the affected side was compared with
the unaffected side. Data were entered in a com-
mercially available database and descriptive statis-
tical analysis was performed. Student’s t test was
used to analyse the difference between two the
groups. The difference between the motion and
pain score before and after the injection was com-
pared. We also analysed the data after excluding the
patients who had no radiographical evidence of
degenerative joint disease of the ACJ.

RESULTS

Of the 18 patients studied (M : F - 16 : 2) 15
were right-handed, and 3 were left-handed. The
right shoulder was symptomatic in 10 patients. The
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pre-injection average pain score on the visual ana-
logue scale was 7 (range : 2 to 10). This improved
to 3.6 (range : 0 to 8) two weeks after the injection.
The average duration of onset of pain relief after
the injection was 5.4 days (range : 0 to 21). The
average duration of pain relief was 14.3 weeks
(range : 8 to 24). All patients felt subjectively bet-
ter at 2 weeks review after the injection.

FASTRAK Measurements

The range of motion of the shoulder in different
planes is shown in Table I.

Flexion and Extension : The mean forward flex-
ion and extension on the symptomatic side was
125.5° (SD : 30.1) and 37.1° (SD : 10.3), respec-
tively. On the asymptomatic side, the values for
flexion and extension were 143.8° (SD : 15.7) and
48.9° (SD : 12.9). Two weeks after the injection,
the mean values were 137.8° (SD : 18.1) and 4°
(SD : 9.8) for flexion and extension on the sympto-
matic side. On the asymptomatic side, flexion and
extension at the two weeks interval was 148.8°
(SD : 12.6) and 48.2° (SD : 13.5) respectively. 

Abduction in the frontal plane : The mean value
of abduction in the frontal plane prior to injection
was 129.2° (SD : 35.8) for the symptomatic shoul-
der and 160.1° (SD : 25.3) for the asymptomatic
shoulder. This improved to 142.9° (SD : 29.2) on
the symptomatic side after injection. On the
asymptomatic side, the range of abduction was
almost the same two weeks after the first assess-
ment (mean : 161.7° ; SD : 26). 

Scapular abduction : The mean value of abduc-
tion in the scapular plane prior to injection was
127.3° (SD : 31.6) and 148.9° (SD : 16.4) on the
symptomatic and asymptomatic side respectively.
After injection the mean changed to 138.7° (SD :
23.9) and 149.3° (SD : 17.8) on symptomatic and
asymptomatic side respectively. Horizontal abduc-
tion/adduction : The pre-injection values of hori-
zontal cross body abduction/adduction were 126.2°
(SD : 43.2) and 150.6° (SD : 28.5) on the sympto-
matic and asymptomatic side respectively. The
post-injection values were 144° (SD : 30.6) and
157.6° (SD : 20.1) on the symptomatic and asymp-
tomatic side respectively.

We further analysed the results after excluding
five patients without radiographical evidence of
degenerative joint disease in ACJ. On the sympto-
matic side, there was improvement in the range of
motion in all planes after the injection. On the
asymptomatic side there was slight difference in
the range of movement two weeks after the first
assessment. 

DISCUSSION 

FASTRAK is a small, portable unit, suitable for
clinics. The sensors are easy to mount and therefore
suitable to study shoulder movements during sim-
ple and combined tasks. The assessment relies on
patient cooperation and the bony landmarks cho-
sen. There can be some error in measurements due
to the effect of skin motion during various joint
movements. However, the sensors mounted on the
skin can accurately measure scapular motion (11).
FASTRAK is relatively quick, cheaper than opto-
electronic devices with similar accuracy, non inva-
sive, and without risk of exposure to ionising radi-
ation. The system can be used as an electrogo-
niometer, and also provides data on real time
motion of the sensors, which can help to detect
abnormal movement patterns. The trunk movement
measured by the sternal sensor can be subtracted.
This is particularly useful, as patients with pain
around the shoulder tend to compensate by leaning
their trunk to one side. To our knowledge, there are
no published data on the use of FASTRAK or sim-
ilar devices to assess the shoulder of patients with
isolated ACJ arthropathy. 

We studied subjects with unilateral, isolated ACJ
arthropathy and used the asymptomatic shoulder as
an internal control. Injection of the ACJ with
Bupivacaine and Triamcinolone significantly
improved pain score (p < 0.001) at two weeks. The
pain relief lasted for an average of 14.3 weeks after
the injection. Other studies have shown similar
short term benefit in the form of pain relief from
ACJ injection (4). Injection of corticosteroid in the
ACJ improved pain score in all patients at two
weeks. Injecting the ACJ is a useful diagnostic test
in patients in whom the nature of pain is atypical,
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especially in the presence of multiple pathologies
around the shoulder joint. This has been shown to
improve diagnostic accuracy and point towards the
most appropriate surgical procedure (16).

The mean range of all movements improved
after the injection of the symptomatic ACJ, but this
difference was statistically not significant except
for the range of extension (p < 0.05). There was a
significant difference (p < 0.01) in the range of
movement in all four planes between the sympto-
matic and asymptomatic shoulder before the injec-
tion. This difference was statistically significant
after the injection, except for extension. However,
the statistical significance of this difference was
reduced (p < 0.05) for abduction in the 45° plane
and horizontal flexion. This suggests that injection
of the ACJ mainly improved the range of shoulder
extension.

We further analysed the data after excluding the
patients who had no radiological evidence of
degenerative joint disease of the ACJ. The range of
movement of the symptomatic shoulder was signif-
icantly reduced in all four planes as compared to
the asymptomatic shoulder in all patients before the
injection (p < 0.01). Two weeks after the injection,
there was significant increase in the range of exten-
sion, horizontal flexion and total range of flexion
on the symptomatic side (p < 0.05). On the asymp-
tomatic side there was no significant change
(p > 0.05) in the range of movements in any plane,
two weeks after the first measurements were taken.
Horizontal flexion measured in the cross body
abduction elicits pain arising from the ACJ (15). We
observed significant improvement in horizontal
flexion after injection of the ACJ in patients with
degenerative disease of the ACJ, but this was not
seen when the ACJ pain was due to other reasons
i.e. weightlifter’s clavicle and ACJ disruption.

The difference between the range of movement
of the asymptomatic side two weeks after injection
of the ACJ was not significant for all measure-
ments. This suggests that FASTRAK measure-
ments are consistent. The ability of FASTRAK to
detect differences in movement between sympto-
matic and asymptomatic side (p < 0.01) suggests
that it is a reliable method of measurement of
shoulder movement in ACJ involvement.

This preliminary study suggests that ACJ injec-
tion with corticosteroid provides short term pain
relief and improves the range of motion of the
shoulder (extension and horizontal flexion). This
favours the general view that painful horizontal
flexion of the shoulder may indicate that the ACJ is
the source of pain. Shoulder extension significant-
ly improved after the injection in this study group.
It may be suggested that restricted and painful
shoulder extension can be used as one of the clini-
cal indicators suggesting ACJ as site of pain. Our
study is relatively small and not randomised, but
we think that it could serve as the basis for better
understanding of the changes in the shoulder move-
ment pattern in patients with ACJ arthropathy. 
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