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General introduction
Shoulder complaints are frequently encountered in the general population, the
incidence rates range from 0.9 - 2.5 %. In General Practice incidence rates range from
1.2 - 2.5%.(1-3) The Incidence rate of shoulder complaints in Orthopedic practice in the
Netherlands in 2012 is estimated at 9%.(4)
Most complaints consist of pain in the upper arm and deltoid region, sometimes
accompanied by stiffness.(5, 6) Although a majority of these complaints is treated in General
practice, approximately 17% of patients will be referred to secondary care. Secondary care
is defined as physiotherapy, orthopedic surgery or rheumatology. (7)
There is a variety of causes and sources of shoulder disorders. A rather large group
consists of subacromial localized shoulder complaints. In secondary care subacromial
complaints account for 36% of the cases.(8) Although these complaints were traditionally
explained based on an anatomical subacromial impingement

(9)

there is a tendency to

describe the complaints as subacromial pain.(10) Subacromial complaints are therefore
only partly the result of an impingement of the bursa and rotator cuff. In general the
impingement is the result of a decreased acromiohumeral distance. A number of causes
have been described for the subacromial pain syndrome; calcified tendonitis, osteoarthritic
osteophytes, micro instability and overuse.(11) Further stages of the impingement as well
as genetic predisposition and wear and tear lead to degeneration of the cuff causing pain.
(10, 12, 13)

Some patients with a tendonitis will develop a calcified tendonitis and the
accompanying pain will give rise to changes in the movement pattern of the shoulder.(14, 15)
In case of osteoarthritis of the acromioclavicular joint caudally localized osteophytes
can induce a subacromial bursitis, or irritate the cuff.(16) Long lasting complaints lead to
thinning and degeneration of the cuff.(17, 18)
In young patients presenting with a subacromial bursitis, this can be secondary to
an unstable shoulder. Repetitive microtraumatic stresses placed on the anterior shoulder
capsule can cause a micro instability. This micro instability can worsen injuries such as
rotator cuff tendonitis , internal impingement and SLAP lesions.(19-21)

12

General introduction

Another cause for impingement is scapular dyskinesia, based on the changed
movement pattern of the scapula. In dyskinesia an increase and altered tilt of the scapula
leads to a relative narrowing of the subacromial space. The narrowing of the subacromial
space gives an impingement of the cuff and bursa. Repeated impingement will lead to
a subacromial bursitis. In case of long lasting bursitis or tendonitis, there is a risk for
development of degeneration of the cuff and rupture of the cuff.(22, 23)
Most patients presenting with a subacromial bursitis will have pain in the deltoid
muscle region ranging from its origin at the clavicle and acromion process and scapular
spine to its insertion at the middle part of the humerus, especially during overhead
activities. During physical examination most patients have a painful arc between 90
and 140 degrees of abduction in the frontal plane. The patients present with normal
exorotation and endorotation. In some patients endorotation is painful and limited.(24-26)
Approximately half of shoulder complaints presented in primary care is self-limiting
and will not be seen in secondary care.(3) The treatment regimen for shoulder complaints
is mainly based on the duration of complaints. At first complaints will be treated with
acetaminophen (paracetamol) or NSAID’s (Non-steroidal Anti Inflammatory Drugs). In
case of longer lasting complaints patients will be treated with physical therapy and / or
subacromial injections.(10, 27)
The treatment regimen in primary care in the Dutch setting is largely based on the
amount and duration of complaints. Differentiation concerning the cause of complaints
is restricted to shoulder complaints with limited passive range of motion, shoulder
complaints with painful abduction, without limited passive range of motion and shoulder
complaints without limited passive range of motion and without painful abduction. This
diagnostic strategy is based upon the assumption that General Practitioners are not able
to make a further differentiation using information from history taking and physical
examination. (27)
A thorough history and physical examination however can aid in further differentiation
of many common shoulder complaints.(28, 29)
In case of long lasting complaints the risk of developing cuff pathology is large

(12)

therefore there is a need for further differentiation of complaints.
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Patients with shoulder complaints in primary and secondary care probably only
differ concerning the duration of complaints. The type and presentation of complaints
are the same. Therefore, for both care settings the approach should be the same and
should consist of thorough history taking and extensive physical examination. Although
injections are primarily used for treatment they can also be used as a diagnostic tool.(9, 30)
Based on the result of the injection a further differentiation has to be made. In recent years
there is a tendency for early use of diagnostic imaging, in both secondary and primary
care.(31) Ultrasound findings, however, do not always correlate with the result of
subacromial injections. (32)
A number of tests have been developed to discriminate the different causes and sources
of shoulder complaints. They showed a rather limited sensitivity and specificity.(26, 33-35) A
number of studies that have investigated the applicability of shoulder tests advocate the
use of multiple tests instead of the use of single tests. Single tests lack sufficient power to
differentiate between the cause and source of shoulder complaints.(36, 37)
In case of subacromial pain not responding to non-invasive conservative treatment,
a cuff rupture should be excluded as a cause for the complaints. As previously described
the sensitivity and specificity of single shoulder tests is limited. Combination of tests is
advocated. In this perspective the result of subacromial injection should be combined with
the result of other clinical tests. So the subacromial injection is used for both treatment
and diagnosis. The pain reducing effect of the injection is interpreted according to the
Neer test (9) and therefore of value for diagnosis and prognosis.(38) The result of this Neer
test can be combined with the other performed shoulder tests. The interpretation of the
combined test results will lead to a better differentiation in the type of shoulder complaint
with higher sensitivity and specificity.
When conservative non-invasive treatment fails most physicians in both primary
and secondary care will treat the shoulder complaints with a subacromial injection.(10,
27, 39-41)

The majority of injections will be blindly placed based on anatomical landmarks,

from a dorsal or lateral approach. Several studies have investigated the use of ultrasound
for subacromial injections.(41-44) Cadaver studies showed an accuracy of 80-91% of
subacromial placed injections, when administered by experienced physicians.(45,

14
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Although there seem to be difficulties in accurate placement of subacromial injections in
some studies, another study showed effectiveness of corticosteroid injections irrespective
of accurate placement.(44)
The corticosteroids tend to work fast, already during the first days after administration.
(40, 47)

The subacromial injection is the treatment of first choice for subacromial pain after

adequate conservative noninvasive treatment.
Based on the profile of the effect of treatment, corticosteroid injections are used on a
wide scale.
There are no good directions on how to use these injections, concerning the frequency
of administration, type(48) and dose of corticosteroid and injection site(41). Limited is
known about the effect of repetition of corticosteroid injections.(49, 50) Most guidelines
advocate to repeat the corticosteroid injections in case of successful reduction of pain (10,
27, 50, 51)

In the recently published guideline for subacromial pain syndrome, the maximum

number of injections was set at four to six injections per year.(52) The maximum number
of repeated injections is largely based on the effect of corticosteroids on cuff tissue as
investigated in animal studies.(53, 54) As far as we know there are no studies that have
investigated the number of repetitions of subacromial injections.
A number of studies concerning the effect of corticosteroids on tendon tissue were
reviewed (55), based on the result there is a tendency to discourage the use of corticosteroids.
The main reason is based on possible early deterioration of the cuff tissue. The number
of reported corticosteroid induced cuff ruptures seems to be limited and animal studies
show the regenerative effect of cuff tissue after corticosteroid injection.(53)
Subacromial corticosteroid injections are mostly administered in combination with
a local anesthetic. The effectiveness of subacromial corticosteroid injections has been
investigated in a number of studies.(56-59) Only a few studies have compared injections
with corticosteroids and local anesthetic to local anesthetic alone.(58, 60, 61)
Hyaluronic acid is an anionic, non-sulfated glycosaminoglycan. It is found throughout
the body in neural, connective and epithelial tissue. It is believed to have lubricant and
anti-inflammatory effects. A few studies have investigated the effect of hyaluronic acid
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injections in case of subacromial complaints. In these studies improvement in pain was
shown.(62-67)
In this thesis we describe the results of a three arm RCT performed to investigate
the effectiveness of shoulder injections. We compared corticosteroid injections with local
anesthetic and hyaluronic acid injections with local anesthetic to injections with local
anesthetic and saline (sodium chloride).
Although a number of clinical tests can be applied to differentiate between various
shoulder complaints, there still are some difficulties in the interpretation of these tests.
For this thesis we have performed several studies addressing a diagnostic approach
in shoulder complaints. In two studies we mainly focused at simple test strategies for
the diagnosis of a cuff rupture. In a third study we focused on the reproducibility of a
device measuring abduction and anteflection movement. In a fourth study we describe a
proposed classification system for gradation of a painful arc.
One of the aims of this thesis was to develop a simple deployable diagnostic and
treatment strategy for both first and second line healthcare.

Questions and aims in this thesis:
Therapy:
1.

What is the effectiveness of subacromial injections in subacromial impingement
with respect to patient perceived pain, disability and function and is there a
difference between corticosteroid injections and hyaluronic acid?

2.

Do injections with a combination of hyaluronic acid and lidocaine give a better
reduction in pain, disability and function than injections in which a placebo is
combined with lidocaine?

3.

Do injections with a combination of a corticosteroid and lidocaine give a better
reduction in pain, disability and function than injections in which a placebo is
combined with lidocaine?

16

4.

Is there an accumulative effect of repeated injections with corticosteroids?

5.

What is the optimum number of repetitions of subacromial injections?

General introduction

Diagnosis:
6.

Can the diagnostic and clinical value of the empty can and drop arm test for cuff
disorders be improved by combining this test with a subacromial injection with
lidocaine?

7.

What is the diagnostic value of a gradation of the painful arc in subacromial
impingement?

8.

To what extent differ the observations of the acromio-humeral distance on
ultrasound between experienced and non-experienced observers?

9.

What is the reproducibility of measuring anteflexion and abduction with a 3
dimensional gyroscope?

10. What could be a new strategy for the diagnosis and treatment of subacromial
complaints based on the studies performed for this thesis?
In chapter 2 we describe the results of a 3-arm RCT investigating the effectiveness
of subacromial injections of hyaluronic acid and corticosteroids compared to a placebo.
In chapter 3 we describe the effectiveness of subacromial injections in the first days
after administration.
In chapter 4 we report the results of the combination of single shoulder tests.
In chapter 5 we describe the possible diagnostic value of gradation of a painful arc in
shoulder complaints.
In chapter 6 we report the results of a reliability study investigating the sonographic
measurement of acromiohumeral distance in symptomatic patients.
In chapter 7 we report the reproducibility of a 3-dimensional gyroscope measuring
ante flection and abduction.
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The effectiveness of injections in cuffdisorders and improvement of diagnostics

Abstract
A total of 159 patients (84 women and 75 men, mean age of 53 (20 to 87))

2

with subacromial impingement were randomised to treatment with subacromial
injections using lidocaine with one of hyaluronic acid (51 patients), corticosteroid
(53 patients) or placebo (55 patients). Patients were followed up for 26 weeks.
The primary outcome was pain on a visual analogue score (VAS), and secondary
outcomes included the Constant Murley score, shoulder pain score, functional
mobility score, shoulder disability questionnaire and pain- specific disability score.
The different outcome measures showed similar results. After three, six and 12 weeks
corticosteroid injections were superior to hyaluronic acid injections and only at six
weeks significantly better than placebo injections. The mean short-term reduction
in pain on the VAS score at 12 weeks was 7% (SD 2.7; 97.5% confidence interval (CI)
0.207 to 1.55; p = 0.084) in the hyaluronic acid group, 28% (SD 2.8; 97.5% CI 1.86
to 3.65; p < 0.001) in the corticosteroid group and 23% (SD 3.23; 97.5% CI 1.25 to
3.26; p < 0.001) in the placebo group. At 26 weeks there was a reduction in pain in
63% (32 of 51) of patients in the hyaluronic acid group, 72% (38 of 53) of those in the
corticosteroid group and 69% (38 of 55) of those in the placebo group.
We were not able to show a convincing benefit from hyaluronic acid injections
compared with corticosteroid or placebo injections. Corticosteroid injections
produced a significant reduction in pain in the short term (three to 12 weeks), but in
the long term the placebo injection produced the best results.
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Shoulder disorders are common in general practice, with an incidence of 12 to 25
per 1000 per year(1,2) and a prevalence in the general population in The Netherlands of
17%.(3) They involve pain in the upper arm and deltoid region and stiffness that interferes
with daily activities.(4) The Dutch General Practitioner Guidelines (NHG Guideline)
of 1999(5) for treatment consists of acetaminophen (paracetamol) or low-dose nonsteroidal anti-inflammatory drugs (NSAIDs) in the first three to six weeks. When pain
relief is insufficient, an injection with a combination of corticosteroid and lidocaine
is generally recommended and, if necessary, repeated. These guidelines differentiate
between subacromial and intra-articular pain, depending on whether there is limitation
of rotation. If the latter is observed the pain is considered to be intra-articular, and
the injection is given into the joint. If there is a painful arc, the subacromial bursa is
considered to be involved and is injected.(5) A more recent version of the guidelines
(2008) also recommends physiotherapy or manipulative therapy.(6) Crawshaw et al(7)
recently reported that physiotherapy combined with subacromial injections gives better
results than each separately.
A number of clinical trials are reported in which subacromial corticosteroid
injections were studied.(7-11) In only three of these were corticosteroids and local
anaesthetic compared with local anaesthetic alone.(11-13) The results of only two trials
were statistically pooled in a Cochrane review because of variations in methodological
quality and outcome measures in the other trials. For rotator cuff disease the pooled
results suggested a small benefit of subacromial corticosteroid injection over placebo at
four weeks.(14) A few studies have shown improvement in pain and function following the
subacromial injection of hyaluronic acid alone.(15-18) Hyaluronic acid is thought to serve
as a lubricant(19) and is reported to have an anti-inflammatory effect.(20)
In this study we investigated the hypothesis that the addition of either hyaluronic acid
or corticosteroid to lidocaine would produce a mean reduction in pain of 70% after 26
weeks, compared with 50% in the placebo group.
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Patients and Methods

2

The trial had ethical approval. Patients were recruited for this study from the department
of orthopaedic surgery and local general practitioner practices. Eligible patients were
over 18 years of age and had pain in the shoulder, either at rest or on movement. The
diagnosis of impingement was made clinically without the routine use of ultrasound.
All presented with a painful arc, with or without abnormal scapulohumeral movement.
Exclusion criteria included: pain for less than six weeks; injection with corticosteroids
in the preceding three months; flexion of < 100° in the frontal plane; external rotation
limited by > 50% compared with the opposite side; allergy to lidocaine, steroids or
hyaluronic acid; pregnancy or suspected pregnancy; dementia; prior infection of the
shoulder joints; tumour; osteoporosis; rheumatoid arthritis according to the American
College of Rheumatology (ACR) criteria

; referred pain, such as from the neck; an

(21)

associated neurological disorder; polymyalgia; ankylosing spondylitis as diagnosed using
the modified New York (NY) criteria (22); whiplash injury; previous fractures or surgery
on the shoulder, upper limb, neck or thorax; and behavioural, cognitive or psychiatric
disorders. Patients unable to complete Dutch questionnaires independently or reluctant
to adhere to the allocated treatment or to complete follow-up were also excluded.
A total of 222 patients were referred with subacromial impingement; 63 were excluded
due to reluctance to complete questionnaires in seven, reluctance to receive a placebo
injection in ten, failure to meet the inclusion criteria in 25, and other reasons in 21. This
left 159 patients in the study group (Fig. 1). There were 75 men and 84 women with a
mean age of 53 years (20 to 87).

Randomisation
Patients were randomised blindly into three treatment groups. An independent
statistician (FK) generated a random numbers list which, by permutation of random
blocks, block size 9, was balanced for treatments within strata. Strata were based on
age (< 40 years versus > 40 years). After selection and baseline assessment, consecutive
numbered opaque envelopes of the appropriate stratum were opened by one of several
independent trial nurses.
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Figure 1 – Randomisation of patients and patiënt flow in the trial
Patients referred with
subacromial impingement
(222)

Not randomised
(63)

2
Lack of time not willing to cooperate (7)
Not willing to cooperate because of
placebo (10)
Not willing to cooperate other reason (21)
Not meeting inclusion criteria (25)

Randomisation
(159)

Allocated to treatment with
Hyaluronic Acid injections
(51)

Allocated to treatment with
corticosteroid injections
(53)

Allocated to treatment with
NaCl injections
(55)

Received injections as allocated
first injection (51)
second injection (49)
third injection (48)

Received injections as allocated
first injection (53)
second injection (52)
third injection (50)

Received injections as allocated
first injection (55)
second injection (53)
third injection (52)

Did not receive allocated
treatment (3):
withdrawn malignancy (1)
withdrawn too much pain (1)
lost to follow up (1)

Did not receive allocated
treatment (3):
withdrawn too much pain (1)
lost to follow up (1)
no pain (1)

Did not receive allocated
treatment (3):
change to standard treatment (2)
lost to follow up (1)

Follow up:
at 3 weeks (49)
at 6 weeks (48)
at 12 weeks (47)
at 26 weeks (44)

Follow up:
at 3 weeks (52)
at 6 weeks (51)
at 12 weeks (51)
at 26 weeks (45)

Follow up:
at 3 weeks (55)
at 6 weeks (54)
at 12 weeks (53)
at 26 weeks (48)

Withdrawn from study (7):
at 3 weeks: not wish to continu (1)
due to malignancy (1)
at 6 weeks: lost to follow-up (1)
at 12 weeks: due to too much pain (1)
at 26 weeks: due to too much pain (1)
lost to follow-up (2)

Withdrawn from study (8):
at 3 weeks: due to too much pain (1)
at 6 weeks: lost to follow-up (1)
at 12 weeks: (0)
at 26 weeks: due to malignancy (1)
lost to follow-up (5)

Withdrawn from study (7):
at 3 weeks: (0)
at 6 weeks: lost to follow-up (1)
at 12 weeks: lost to follow-up (2)
at 26 weeks: due to too much pain (2)
lost to follow-up (2)

Completed trial
(44)

Completed trial
(45)

Completed trial
(48)
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Interventions
Treatment consisted of subacromial injection with either: a mixture of 8 ml lidocaine

2

1% and 2 ml hyaluronic acid (Ostenil) (TRB CHEMEDICA, Haar/ München, Germany)
(group A); a mixture of 8 ml lidocaine 1% with 2 ml triamcinolone acetonide 10 mg/
ml (group B); or a mixture of 8 ml lidocaine 1% with 2 ml NaCl 0.9% (placebo; group
C). Injections were repeated, if necessary, after three and six weeks. In case of complete
resolution of pain, no further injections were given.
Injections were administered via a dorsolateral approach through the interval just
beneath the dorsal acromial edge, with the patient sitting up.(23) The injection site was
marked and disinfected with iodine, or with chlorhexidine solution in case of known
allergy. No associated treatment was allowed for 12 weeks. Self-medication with
paracetamol (acetaminophen) was allowed and recorded.

Characteristics of patients
A total of 51 patients were randomised into group A, 53 into group B and 55 into group
C. The baseline characteristics of each group are given in Table I. After randomisation
only the use of non-steroidal anti-inflammatory drugs (NSAIDs) prior to the trial differed
significantly (p = 0.003, ANOVA). Patients in group C used the most NSAIDs. However,
a multivariate linear regression analysis showed that this variable was of no influence
(p = 0.894). After entering the trial patients were asked not to use NSAIDs but to use
acetaminophen instead, in accordance with the trial protocol (Table I).
Table 1 - Baseline characteristics
Hyaluronic acid
(n = 51)
Male:female

Corticosteroid injection
(n = 53)

Placebo
n = 55)

24:27

27:26

24:31

Mean (SD) age (yrs)

53 (12)

52 (9)

54 (11)

Dominant side affected (n, %)

30 (59)

30 (57)

29 (53)

Duration of complaints (n, %)
6 weeks

4 (8)

3 (6)

4 (7)

9 weeks

1 (2)

3 (6)

4 (7)

12 weeks

6 (12)

9 (17)

7 (13)

26 weeks

4 (8)

5 (9)

1 (2)

35 (69)

33 (62)

39 (71)

> 26 weeks
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Sick leave and duration (n, %)
On sick leave

9 (18)

12 (23)

< 6 weeks

4 (8)

2 (4)

2 (4)

-

1 (2)

1 (2)

6 weeks

8 (15)

9 weeks

-

1 (2)

1 (2)

12 weeks

2 (4)

2 (4)

2 (4)

26 weeks

1 (2)

1 (2)

-

> 26 weeks

2 (4)

5 (9)

2 (4)

Symptoms during sports (n, %)

32 (63)

30 (57)

28 (57)

Symptoms while at work (n, %)

48 (94)

45 (83)

49 (89)

2

Previous treatment (n, %)
Physiotherapy

16 (31)

17 (32)

12 (22)

Corticosteroid injection

15 (29)

16 (30)

12 (22)

Analgesics (NSAID*)

6 (12)

7 (13)

18 (33)

Other treatment

1 (2)

1 (2)

1 (2)

No treatment

13 (25)

12 (23)

12 (22)

Previous episode (n, %)

15 (29)

13 (25)

14 (26)

51.9 (68.9)

55.9 (102.4)

40.1 (62.2)

Mean (SD) duration
Comorbidity (n, %)
Diabetes

5 (9.8)

3 (5.7)

3 (5.5)

Cardiovascular disease

12 (24)

19 (35.8)

18 (32.7)
5.9

Mean outcome measures†
VAS

6.1

5.8

Constant score

71.4

76.6

74

SDQ

74.9

71.7

73.7

Shoulder pain score

21.6

20.3

20.7

FMT

13.0

11.6

11.6

PSD-main complaint VAS score

6.0

5.9

6.1

Mean range of movement (passive value) (°)
Flexion in frontal plane

168 (173)

173 (173)

167 (170)

Extension

76 (77)

77 (77)

77 (78)

Abduction

161 (169)

172 (172)

166 (168)

Adduction

87 (89)

88 (88)

89 (89)

External rotation

75 (75)

76 (77)

76 (77)

Internal rotation

88 (88)

89 (89)

87 (89)

* NSAID, non-steroidal anti-inflammatory drug
†
VAS, visual analogue scale; SDQ, Shoulder Disability Questionnaire; FMT, Functional Mobility Test; PSD, Patient
Specific Disability

31

The effectiveness of injections in cuffdisorders and improvement of diagnostics

Outcome assessment
The primary outcome measure was pain as measured on a horizontal 10 cm visual

2

analogue scale (VAS) (0, no pain to 10, severe pain) and was expressed as the proportion
of patients indicating a reduction in or resolution of pain.(24) Secondary outcome measures
were a painful arc; range of movement; the Constant shoulder score(25); patient-specific
disability(26); shoulder disability questionnaire(27); shoulder pain score; and functional
mobility test.(28) The Constant shoulder score is a validated system with subjective (pain
and daily activities) and objective (range of movement and power) assessments in a ratio
of 35%:65%. It is designed to provide a full functional assessment applicable to different
shoulder conditions.(25,29,30) The patient-specific disability instrument measures the
functional status of the patient, who selects three to five disabilities in the field of physical
activity, that limit their daily or weekly activities. It uses a VAS.(26) The shoulder disability
questionnaire is a functional questionnaire for pain and/or limitation of movement of the
shoulder. The past 24 hours are assessed through 16 questions that can be answered with
either yes, no, or not applicable.(27) The shoulder pain score consists of six questions about
pain and uses a 101 numerical rating scale (NRS 101). It has proved useful for following
the course of disorder of the shoulder over time and giving an indication of when the
patient is cured.(31) The functional mobility test is a standardised motor test in patients
with painful shoulder joint disorders.(4,28)

Blinding
A specially trained physician (LIFP) administered the injections, and both physician
and patients were blinded to the contents of the syringe. In order to achieve an effective
blinded injection a 19 gauge 1.5 inch needle and a 10 ml syringe were used to prevent
patients identifying the difference in viscosity of the administered solutions. An
independent trial nurse filled and masked the syringes with black adhesive tape, and was
thus responsible for the blinding procedure.
Inclusion, follow-up assessments and data analysis were blinded for allocated
treatment.
Statistical analysis. Assuming a reduction in pain of 70% (SD 35) on the VAS in the
intervention groups and a minimum reduction in pain of 50% on a 10 cm VAS in the
placebo group, with a = 0.05 and a power (1 - P) of 80%, a total of 48 patients per group
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were needed; in order to allow for a dropout rate of 10%, we planned to enroll 53 patients
per group.
All data analyses were carried out according to a pre- established plan. First, data
were tested for normality. Secondly, a missing values analysis was performed. Based on
the outcome of this analysis it was decided to carry forward last observations in case of
loss to follow-up or withdrawal. For all other missing data a mean trend substitution
was performed. Clinical data were assessed according to the intention-to-treat principle;
differences between groups with 95% confidence intervals (CI) were calculated for each
of the clinical outcome measures using analysis of variance (ANOVA), with all statistical
analyses conducted using the SPSS software v17.0 (SPSS Inc., Chicago, Illinois). The
influence of prognostic variables and baseline differences for outcome measures was
assessed in a multivariate linear regression model with imputation of most important
baseline variables. Influential variables were used to correct the outcome of the analysis
of variance. Statistical significance was set at a p-value < 0.05.

Results
All of the 159 included patients received the first allocated injection. The second and
third allocated injections were not received by all patients. Nine patients (6%) did not
receive the complete treatment for different reasons. One patient in the corticosteroid
group did not receive the third injection because of complete resolution of pain.
A total of 22 of the 159 patients (13.8%) withdrew from the study, with no further or
incomplete follow-up. Reasons for withdrawal consisted of malignancy (2), too much
pain (5), not wishing to continue (1) and loss to follow-up (14). Of the 14 patients lost
to follow-up, ten could not be contacted; the other four did not wish to continue the
study. All patients who withdrew from the study were included in the statistical analysis
according to the intention-to-treat principle, in which the last observation carried
forward principle was used.

Interventions
In group A, the complete course of three injections with hyaluronic acid was received
by 48 patients (48 of 51, 94%). Of these, four were lost to the study: one withdrew because
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of a malignancy, one withdrew with too much pain, one was lost to follow-up and one did
not wish to continue.
In group B the complete course of injections with corticosteroids was received by 50

2

patients (50 of 53, 94%).
Three were lost to the study: one withdrew with too much pain, one was lost to followup and one did not receive the third injection because the pain had resolved.
In group C the complete course of three injections with placebo was received by 52
patients (52 of 55, 95%). Three were lost to the study; one was lost to follow-up, and two had
too much pain and they received corticosteroid injections instead. Both the patients and
the physician who gave the injections remained blinded to the initial allocated treatment.
Outcome. The mean outcomes of the primary and secondary endpoints are shown in
Table II. There was a normal distribution between the groups. Using the intention-totreat analysis and treating missing values using the last observation carried forward
principle and mean trend substitution, no significant differences for the VAS score were
found at baseline or at 26 weeks. At weeks three (p = 0.004), six (p < 0.001) and 12 (p
< 0.001) the difference between group A and B was significantly (ANOVA) in favour of
corticosteroids. Placebo injections were superior to hyaluronic acid injections at week 12
(p = 0.001). Compared with placebo injections, corticosteroids were significantly better
only at six weeks (p = 0.006). In a multivariate linear regression analysis the prognostic
variables at baseline were of limited influence on the outcome of the study (Fig. 2). These
variables where significant in the multivariate regression analysis: right-sided internal
rotation (p = 0.014), pain during abduction movement (p =0.014), labour above shoulder
level (p = 0.022) and chronic complaints (p = 0.003).
The differences between the three groups went in the same direction as all of the
other outcome measures; these differences were significant (ANOVA) at weeks three (p
= 0.004), six (p < 0.001) and 12 (p < 0.001). The mean reduction in pain at 12 weeks was
7% (SD 2.7; 97.5% CI -0.207 to 1.55; ANOVA, p = 0.084) in group A, 28% (SD 2.8; 97.5%
CI 1.86 to 3.65; ANOVA, p < 0.001) in group B and 23% (SD 3.23; 97.5% CI 1.25 to 3.26;
ANOVA, p < 0.001) in group C. The mean reduction in pain at 26 weeks was 15% (SD
3.25; 97.5% CI 0.46 to 2.57; ANOVA, p = 0.002) in group A, 20% (SD 2.95; 97.5% CI
1.07 to 2.95; ANOVA, p = 0.001) in group B, and 21% (SD 3.75; 97.5% CI 0.92 to 3.25;
ANOVA, p < 0.001) in group C. At 26 weeks a reduction in pain was shown in 63% (32
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of 51) of patients in group A, 72% (38 of 53) of those in group B and 69% (38 of 55) of
those in group C.

2

Figure 2 – Graph showing the mean visual analogue scale (VAS) for pain
(95% confidence intervals) over the follow-up adjusted for significant
prognostic baseline variables

* The difference between corticosteroid and hyaluronic acid group is significant at weeks three (p = 0.004), six
(p < 0.001) and 12 (p < 0.001). $ The difference between hyaluronic acid and placebo group is significant (p =
0.001).
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Table 2 - Mean outcome measures (with 95% confidence intervals) in
patients with subacromial impingement and differences in groups
by treatment at different times of follow-up

2

Hyaluronic acid (A)

Corticosteroid (B)

Placebo (C)

Mean visual analogue scale (0 to 10)
Baseline

6.1 (5.4 to 6.8)

5.8 (5.1 to 6.5)

6 (5.4 to 6.8)

Week 3

5.8 (5.0 to 6.6)

4.2 (3.4 to 4.9)

5.2 (4.5 to 5.9)

Week 6

5.4 (4.6 to 6.1)

3.2 (2.4 to 4. 1)

4.4 (3.7 to 5.2)

Week 12

5.4 (4.5 to 6.2)

3.1 (2.2 to 4.0)

3.7 (3.0 to 4.5)

Week 26

4.3 (3.4 to 5.2)

3.7 (2.8 to 4.7)

3.6 (2.7 to 4.5)

Baseline

71.1 (67.5 to 74.8)

75.8 (72.2 to 79.5)

73.1 (69.6 to 76.6)

Week 3

71 (66.7 to 75.2)

79.4 (74.9 to 83.9)

75. 6 (71.4 to 79.8)

Constant score (100 to 0)

Week 6

73.7 (69.3 to 78.1)

82.8 (78.0 to 87.7)

77.8 (73.4 to 82.1)

Week 12

74.5 (70.0 to 79.1)

82.2 (77.4 to 87.0)

78.2 (73.9 to 82.5)

Week 26

76 (71.7 to 80.2)

80.4 (76.1 to 84.8)

82.3 (78.1 to 86.5)
11.7 (10.7 to 12.7)

Functional mobility test (4 to 28)
Baseline

12.9 (11. 9 to 14)

11.7 (10.7 to 12. 8)

Week 3

12.6 (11.4 to 13.86)

10.5 (9.2 to 11.8)

11.1 (9.9 to 12.3)

Week 6

11.9 (10.7 to 13.2)

9.8 (8.5 to 11.2)

10.6 (9.4 to 11.8)

Week 12

11.7 (10.4 to 13.0)

9.3 (79 to 10.7)

9.9 (8.6 to 11.1)

Week 26

11.6 (10.4 to 12.8)

10.1 (8.8 to 11.3)

9.3 (8.1 to 10.5)

Patient to specific disability score mam Item (0 to 10)
Baseline

6.3 (5.6 to 70)

5.7 (5.0 to 6.4)

6.3 (5.7 to 7.0)

Week 3

5.6 (4.8 to 6.5)

4.3 (3.4 to 5.1)

4.7 (3.9 to 5.5)

Week 6

4.9 (4.1 to 5.7)

3.3 (2.4 to 4.1)

4.1 (3.3 to 4.8)

Week 12

5.0 (4.1 to 5.8)

3.4 (2.4 to 4.3)

4.2 (3.3 to 5.0)

Week 26

4.6 (3.7 to 5.5)

3.8 (2.9 to 4.7)

4.3 (3.4 to 5.2)

Shoulder disability questionnaire (100 to 0)
Baseline

75.1 (70.2 to 80.1)

74.1 (69.1 to 79.1)

75.7 (70.9 to 80.5)

Week 3

75.0 (68.3 to 81.7)

58.0 (51.1 to 65.0)

69.4 (62.9 to 75.9)

Week 6

65.3 (57.3 to 73.2)

51.5 (42.8 to 60.2)

62.5 (54.7 to 70.3)

Week 12

64.1 (55.1 to 73.1)

45.6 (36.1 to 55.1)

60.7 (52.1 to 69.2)

Week 26

62.7 (53.8 to 71.5)

50.9 (41.9 to 60.0)

58.7 (49.9 to 67.4)

Shoulder pain score (7 to 28)
Baseline

21.8 (20.6 to 23.0)

20.3 (19.1 to 21.5)

21.0 (19.8 to 22.1)

Week 3

20.6 (19.0 to 22.1)

16.5 (14.8 to 18.1)

18.7 (17.2 to 20.2)

Week 6

18.7 (17.1 to 20.2)

14.5 (12.8 to 16.2)

17.1 (15.6 to 18.6)

Week 12

18.9 (17.2 to 20.6)

14.9 (13.1 to 16.7)

16.6 (15.0 to 18.2)

Week 26

18.1 (16.4 to 19.8)

15.2 (13.4 to 16.9)

16.4 (14.7 to 18.1)
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Adverse reactions
Mild adverse reactions after injection were reported by 67 patients (40%); an increase
in pain after the injection was reported by 29 patients (18%). Two female patients, one
in group B and one in group C, reported flushes. One patient in group B had increased
menstrual bleeding. In ten patients (6.3%) headaches occurred after injection. No patient
developed an infection. A haematoma was reported at the site of injection by six patients
(3.8%), one of whom was on anticoagulants and two of whom used NSAIDs before
joining the trial.

Discussion
The corticosteroid injections gave a better result from the start of the trial and were
significantly better at six weeks than placebo. They produced a faster reduction in
pain than hyaluronic acid and placebo in the first three to 12 weeks (Fig. 2, Table II).
No significant differences were shown at 26 weeks, at which point the placebo group
showed the best mean improvement in pain and functional mobility. However, the mean
reduction in pain achieved at 26 weeks was 20% in the corticosteroid group, 15% in the
hyaluronic acid group and 21% in the placebo group. We were therefore unable to prove
our hypothesis that corticosteroid or hyaluronic acid injections lead to a reduction in
pain of 70%, compared with a reduction in pain of 50% in the placebo group.
In our trial blinding took place at many levels: the administering physician, the
patients, the outcome assessor and the statistical analysis. This has not been the case in
previously published trials.(7,13,15-17,32-34)
At baseline groups were compared for influential prognostic variables. The placebo
group consisted of significantly more patients who used NSAIDs before the trial. This
variable was tested in a multivariate linear regression analysis and shown to have no
influence on the outcome measures.
The effectiveness of hyaluronic acid in treating shoulder pain has been evaluated in ten
other trials.(15-19,33-37) In only three was the hyaluronic acid injected into the subacromial
bursa,(16-18) and of these two did not adequately describe the placement of the needle into
the joint or subacromial space,(16,17) although one showed equal improvement in pain
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compared with corticosteroids at 12 weeks. It has been suggested that hyaluronic acid,
when injected intra-articularly is beneficial in various disorders of the shoulder.(15,16,18,19,34)
In our trial it showed no beneficial effect.

2

In most trials on the effectiveness of corticosteroids the placebo consisted of local
anaesthetic.(8,9,12,13,38) We used the addition of sodium chloride as a placebo. In this way
the amount of local anaesthetic could be kept the same between groups. Although recent
systematic review on corticosteroid injections showed a reduction in pain in the short
term compared to other interventions, this effect was reversed at mid- and long term. We
found a beneficial effect of corticosteroid injection in the short term, but did not find it to
be significantly different to hyaluronic acid or placebo at mid-term.(39)
Although there is some evidence that a better result follows more accurate ultrasoundguided injection,(10,40,41) we believe that most injections are still placed in an unguided
manner by clinicians from various disciplines. The physician (LIFP) who administered
the injections was thoroughly trained in the subacromial injection technique before the
trial and all were administered by the same physician in a blinded way. Most adverse
reactions encountered were local and mild and concerned prolonged pain after injection;
there were no allergic reactions or infections.
In our study we were able to prove some effectiveness of hyaluronic acid injections in
subacromial impingement at 26 weeks. Although the reduction in pain was 15% compared
to corticosteroid (20%) and placebo (21%), this reduction might be explained by the
natural history of the condition. Only at short term (12 weeks) did both corticosteroid
and placebo show a better reduction in pain. At all follow-up evaluations hyaluronic acid
injections gave worse results than corticosteroid. The limited result of hyaluronic acid
might be explained by breakdown of the high molecular hyaluronic acid into smaller
fragments in an inflammatory environment, as has been shown in pulmonary and renal
disease.42 These smaller fragments might sustain the inflammatory reaction.(42)
Clinically, this study does not support the use of hyaluronic acid injections in the
treatment of subacromial impingement. Corticosteroid injections seem to be effective
in the short term. Accordingly we recommend using them for fast initial relief of pain in
this condition, although in the long term the best improvement was in the placebo group.
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Supplementary material
Table 3 - Frequency of adverse reactions in patients treated
for subacromial impingement
Total

Hyaluronic acid (n
= 51)

Corticosteroid (n
= 53)

Placebo (n = 55)

Number of patients having any
adverse reaction

67

26 (51%)

20 (38%)

21 (38%)

Dizziness

1

0

0

1

Flushes

2

0

1

1

Headache

10

3

5

2

Haematoma at injection site

6

3

2

1

Increased pain after injection

29

12

5

12

Infection

0

0

0

0

Itching

4

3

0

1

Loss of hair

1

0

1

0

Menstrual bleeding

1

0

1

0

Mild skin reaction

2

0

1

1

Nausea

6

2

3

1

Heartburn

2

1

0

1

Urinary tract infections

1

0

1

0

Warm sensation in shoulder

2

2

0

0
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Abstract
Background: Subacromial impingement is a common cause of shoulder complaints
in general practice. When the initial treatment with acetaminophen and low dose
Non Steroidal Anti Inflammatory Drugs fails, triamcinolone acetonide injections
are commonly used. Triamcinolone acetonide injections are effective at four to

3

six weeks. Little is known about the pain relief effect of triamcinolone acetonide
injections in the first days after injection and the effect of repeated injection. In this
study we investigate the effect of triamcinolone acetonide injections compared to
hyaluronic acid and NaCl injections using a pain diary.
Methods: 159 Patients recruited for an RCT comparing the effect of subacromial
injections of triamcinolone acetonide, hyaluronic acid and sodium chloride (NaCl)
were used in this study. They were blinded for their treatment and could receive up
to three injections. Primary outcome consisted of the patient perceived pain on a
VAS score recorded on a daily basis during 21 days following injection. Secondary
outcome consisted of the amount of taken escape medication following injection
and adverse effects.
Results: All patients received the first injection. 150 patients also received the
second and third injections. 97% Of the paper and pencil pain diaries were returned
for data analysis.
The triamcinolone acetonide group showed the largest decrease in pain on the VAS
scores after injection compared to the hyaluronic acid and NaCl group in the first
week after injection. The reduction in pain was best achieved after the first injection,
the second triamcinolone acetonide injection showed a further reduction in pain.
The third triamcinolone acetonide injection only showed a slight improvement in
pain reduction.
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Conclusions: In this study we could show a booster effect in pain reduction after
repeated triamcinolone acetonide injection. The triamcinolone acetonide group
showed a faster reduction in pain after injection compared to the hyaluronic acid
and NaCl group. The effect was best seen after the first and second triamcinolone
acetonide injection, it is therefore questionable whether it is necessary to repeat
triamcinolone acetonide injections more than two times.

3

Trial registration: ISRCTN51511455. Registered 20 December 2005
Keywords: Subacromial impingement, Pain diary, Subacromial injection,
Corticosteroid, Hyaluronic acid, Placebo
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Background
Shoulder complaints are frequently encountered in General Practice
subacromial impingement is a common cause

(3)

, of which

(1,2)

. Early symptoms of subacromial

impingement are treated with acetaminophen (paracetamol) or low-doses of non-

3

steroidal antiinflammatory drugs. When this therapy fails, impingement can be treated
with subacromial injections. These injections merely consist of a combination of a
corticosteroid and a local anesthetic

. Although it is known that corticosteroids are

(4,5)

effective at short term, four to six weeks, only a few studies have investigated the effect of
corticosteroids in the first days after injection. In the study of Lewis this was investigated for
the treatment in lateral epicondylitis of the elbow in the review of Coombs this consisted
of the study of the effectiveness of injections in a number of different tendinopathy
pathologies like lateral epicondylalgia, medial epicondylalgia, rotator-cuff tendinopathy,
Achilles tendinopathy and patellar tendinopathy (6,7). These drug treatments are commonly
combined with exercises and physiotherapy, the combination of subacromial injections
and physiotherapy are stated to give a better result (8).
A few studies have shown improvement in pain and function following the subacromial
injection of hyaluronic acid alone (9-12).
Hyaluronic acid is thought to serve as a lubricant (13) and is reported to have an antiinflammatory effect (14).
Several studies have investigated the side effect of corticosteroid injections, in
these studies only few side effects are described provided injections are not repeated
too often at the same site

. Some animal studies reported negative side effects

(15)

concerning weakening of the rat rotator cuff in the first weeks after administration(16-18).
The corticosteroid injection reduces the inflammation and pain associated with the
subacromial impingement (19).
Little is known about the effect on pain reduction after repeated corticosteroid
injection (20,21). This study was part of a randomized clinical trial RCT, with a three arm
design in which hyaluronic acid + lidocaine 1% (A) were compared to triamcinolone
acetonide + lidocaine 1% (B) and placebo sodium chloride (NaCl) + lidocaine 1% (C). In
this trial we could prove a significant improvement in pain for triamcinolone acetonide
after three, six and twelve weeks. Compared to placebo, injections containing hyaluronic
acid did not show a significant improvement in pain (22).
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In this study we investigated the effect of subacromial injections in the first days after
administration. We also investigated the effect of repetition of subacromial injections
on the perceived amount of pain in order to study an accumulative effect of repeated
injection.

3

Methods
Setting and participants
This study was approved by the Medical Ethics Review Committee (MERC) of the
Maastricht University Medical Center (MUMC) and was performed at the outpatient
clinic of our orthopedic surgery department. Written informed consent was obtained
from participants. A total of 159 patients were included in the study, including 75 men
and 84 women with a mean age of 53 years (range 20 to 87). A large majority of patients
could be included after direct referral by general practitioners. These patients did not
receive prior injection treatment by their general practitioners for their current episode
of shoulder pain.
Patients were randomized into three treatment groups and were blinded for their
respective treatment. Eligible patients were over 18 years of age and had pain in the
shoulder, either at rest or on movement. The diagnosis of impingement was made
clinically without the routine use of ultrasound or MRI. All presented with a painful arc,
with or without abnormal scapulohumeral movement.
Exclusion criteria included: pain for less than six weeks; injection with corticosteroids
in the preceding three months; flexion of <100° in the frontal plane; external rotation
limited by >50% compared with the opposite side; allergy to lidocaine 1%, steroids or
hyaluronic acid; pregnancy or suspected pregnancy; dementia; prior infection of the
shoulder joints; tumour; osteoporosis; rheumatoid arthritis according to the American
College of Rheumatology (ACR) criteria

(23)

; referred pain, such as from the neck; an

associated neurological disorder; polymyalgia; ankylosing spondylitis as diagnosed using
the modified New York (NY) criteria (24); whiplash injury; previous fractures or surgery
on the shoulder, upper limb, neck or thorax; and behavioural, cognitive or psychiatric
disorders. Patients unable to complete Dutch questionnaires independently or reluctant
to adhere to the allocated treatment or to complete follow-up were also excluded (22).

49

The effectiveness of injections in cuffdisorders and improvement of diagnostics

Intervention
Treatment consisted of subacromial injection with either: a mixture of 8 ml lidocaine
1% and 2 ml hyaluronic acid (Ostenil) (TRB CHEMEDICA, Haar/München, Germany)
(group A); a mixture of 8 ml lidocaine 1% with 2 ml triamcinolone acetonide 10 mg/
ml (group B); or a mixture of 8 ml lidocaine 1% with 2 ml NaCl 0.9% (placebo; group

3

C). Injections were repeated, if necessary, after three and six weeks. In case of complete
resolution of pain, no further injections were given (22).

Randomization
Patients were randomized blindly into three treatment groups. An independent
statistician (FK) generated a random numbers list which, by permutation of random
blocks, block size 9, was balanced for treatments within strata. Strata were based on
age (≤40 years versus >40 years). After selection and baseline assessment, consecutive
numbered opaque envelopes of the appropriate stratum were opened by one of several
independent trial nurses.
A total of 51 patients were randomized into group A, 53 into group B and 55 into
group C (22).

Blinding
All injections were administered by the same physician (LIFP). Both physician and
patients were blinded to the contents of the syringe. In order to achieve an effective
blinded injection a 19 gauge 1.5 inch needle and a 10 ml syringe were used to prevent
the physician identifying the difference in viscosity of the administered solutions. The
syringes were filled by an independent trial nurse and masked with black adhesive
tape. The nurse was thus responsible for the blinding procedure. Inclusion, follow-up
assessments and data analysis were blinded for allocated treatment (22).

Administration of injection
Injections were administered via a dorsolateral approach through the interval just
beneath the dorsal acromial edge, with the patient sitting up

. The injection site was

(25)

marked and disinfected with iodine, or with chlorhexidine solution in case of known
allergy.
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Outcome assessment
The primary outcome measure was pain as measured on a horizontal 10 cm visual
analogue scale (VAS) (0, no pain to 10, severe pain)

. Measurements were taken at

(26)

consultation before injection. The first 21 days after each injection patients were asked to
record a VAS score each day in their pain diary.
We investigated the effect of injections of A, B and C on a daily basis using a pain
diary during the 21th days after injection. In this study we focus on the effects of repeated
triamcinolone acetonide injections versus placebo and hyaluronic acid, illustrating the
potential benefit of a series of injections.
The pain diary was used to record the perceived amount of pain. With the pain diary
we are able to show the immediate daily response the first days after injection. Pain
diaries have been shown to be valid and reliable in the measurement of pain in patients
with chronic pain and cancer. It is reported that patients tend to overestimate their
remembered pain and psychosocial and pain related factors tend to bias the remembered
pain. The daily self-recording of pain by a pain diary showed to reduce the amount of
bias (27).
Secondary outcome measures consisted of the type and amount of escape medication
taken and the occurrence of adverse effects.
During the first visit patients were thoroughly instructed how to fill out the paper and
pencil pain diary. Patients were told to record the maximum experienced pain for each
day.
In the pain dairies the days were separated. For each day a VAS score could be
recorded on a 10 cm line.
Although patients were instructed that only escape medication consisting of
acetaminophen (paracetamol) was allowed, they were asked to record the type and
amount of escape medication taken for each day.
A final question for each day consisted of the occurrence of adverse effects. The
perceived adverse events were recorded on a text free basis.
Patients were instructed to complete the diary on a daily basis, they were suggested to
fill out the diary at the same moment each day to improve compliance.
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Statistical analysis
For this study we obtained data of patients enrolled in the RCT. The number of
participants was based on the power calculation used for the RCT in which we had
calculated a total number of 159 participants, 53, per group, allowing for a dropout rate
of 10%. The power calculation of the RCT was based on the decrease in pain on a VAS

3

score (22).
First, data were tested for normality. Second, a missing value analysis was performed.
In case of loss to followup or withdrawal resulting in missing data, these values were
handled by the method of linear trend at point imputation. Analysis of variance was
used to establish effects of both interventions. The influence of prognostic variables and
baseline differences for outcome measures was assessed in a multivariate linear regression
model with imputation of most important baseline variables. Influential variables were
used to correct the outcome of the analysis of variance. Statistical significance was set at
a p-value <0.05 (22).

Results
All of the 159 included patients received the first allocated injection. The second
and third allocated injections were received by 150 patients. Nine patients (6%) did not
receive the second and third injection, 3 in each of the groups. In the hyaluronic acid
group reasons for not receiving the allocated injections were: withdrawn because of
malignancy (n = 1), lost to follow up (n = 1) and not wishing to continue (n = 1). In the
triamcinolone acetonide group reasons for not receiving the allocated treatment were:
withdrawn because of too much pain (n = 1), lost to follow up (n = 1) and complete
relieve of pain after 2 injections (n = 1). In the NaCl injection group reasons for not
receiving the allocated treatment consisted of too much pain (n = 2) and lost to follow up
(n = 1). (22) Figure 1.
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Figure 1 – Allocated treatment
Randomisation
(159)

3

Allocated to treatment with
Hyaluronic Acid injections
(51)

Allocated to treatment with
corticosteroid injections
(53)

Allocated to treatment with
NaCl injections
(55)

Received injections as allocated
first injection (51)
second injection (49)
third injection (48)

Received injections as allocated
first injection (53)
second injection (52)
third injection (50)

Received injections as allocated
first injection (55)
second injection (53)
third injection (52)

Did not receive allocated
treatment (3):
withdrawn malignancy (1)
withdrawn too much pain (1)
lost to follow up (1)

Did not receive allocated
treatment (3):
withdrawn too much pain (1)
lost to follow up (1)
no pain (1)

Did not receive allocated
treatment (3):
change to standard treatment (2)
lost to follow up (1)

After each injection the result of the Neer test was recorded (28). In the hyaluronic acid
group we report a positive Neer test in 61%, in the triamcinolone group in 70,5% and in
the NaCl group in 73%.
The analysis at baseline did not show any significant differences among the groups.
At baseline the VAS score of the triamcinolone acetonide group was 5.8 (95% CI 5.1-6.5),
of the hyaluronic acid group 6.1(95% CI 5.4-6.8) and of the NaCl group was 5.9 (95% CI
5.1-6.5).
3% (n = 14) of the diaries was not returned, due to withdrawal from the study or lost
diaries. In the hyaluronic acid group four diaries from the, first period, and two diaries of
the second and third period were not returned. In the triamcinolone acetonide group two
diaries in the first period, and one diary in the second and third period were not returned.
For the NaCl group in both the first and second period one diary was not returned. In
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the third period al diaries were returned. (Table 1) Mean VAS scores and according trend
lines are depicted in Figures 2, 3 and 4 and in Tables 2, 3 and 4. After the first injection a
remarkable drop in VAS score is shown for the first week in the triamcinolone acetonide
group, after ten days there is a slight increase in pain although the VAS score stays below
the level of pain before injection at three weeks. The hyaluronic acid and NaCl group

3

show only slight improvement in pain reduction with a less steep curve. After the second
injection a slight improvement in pain is seen for the hyaluronic acid group and the NaCl
group although the effect is limited compared to the effect after the first injection. After
the third injection little change is shown in the VAS scores for all groups.
Table 1 - Lost pain diaries per group
Hyaluronic acid
(n = 51)

Triamcinolone
acetonide (n = 53)

NaCl
(n = 55)

Week 0 - 3

4

2

1

Week 3 - 6

2

1

1

Week 6 - 9

2

1

0

Concerning the secondary outcome measures we report significant differences in the
number of persons in need of escape medication. The hyaluronic acid group and the NaCl
group needed significantly more escape medication because of pain throughout the study
Tables 5, 6 and 7.
Adverse effects described in the free text of the pain diaries consisted of: flushes,
headache, nausea, redness at injection site and tingling sensations. 24 patients reported
adverse effect, The most reported adverse effect was occurrence of headache. This
occurred in 8 patients in the hyaluronic acid group, in 5 patients in the triamcinolone
acetonide group and in 4 patients in the NaCl group Table 8.
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Figure 2 – Daily VAS scores after first injection and according linear trend lines

3

Legend: (triangle) hyaluronic acid. (square) NaCl. (diamond) triamcinolone acetonide.
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Figure 3 – Daily VAS scores after second injection
and according linear trend lines

3

Legend: (triangle) hyaluronic acid. (square) NaCl. (diamond) triamcinolone acetonide.
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Figure 4 – Daily VAS scores after third injection and according linear trend lines

3

Legend: (triangle) hyaluronic acid. (square) NaCl. (diamond) triamcinolone acetonide.
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Table 2 - Mean visual analogue scale
(0-10) after the first injection

Table 3 - Mean visual analogue scale
(0–10) after the second injection

Day

Day

3

Hyaluronic
acid

Triamcinolone
acetonide

NaCl

Sig.

Hyaluronic
acid

Triamcinolone
acetonide

NaCl

Sig.

0

6,1

5,8

5,9

,845

0

5,9

4,4

5,2

,017

1

6,1

4,8

5,4

,052

1

5,2

3,8

4,7

,022

2

5,8

4,3

5,5

,021

2

5,3

3,6

5,1

,004

3

5,6

4,2

5,5

,014

3

5,1

3,4

4,7

,005

4

5,5

4,2

5,7

,008

4

5,3

3,6

4,8

,005

5

5,6

3,8

5,2

,002

5

5,1

3,4

4,4

,004

6

5,2

3,6

5,0

,002

6

5,2

3,4

4,6

,003

7

5,5

3,5

5,5

,000

7

5,3

3,2

4,6

,000
,000

8

5,5

3,4

5,2

,000

8

5,2

3,1

4,5

9

5,6

3,7

5,0

,001

9

5,3

3,3

4,5

,001

10

5,6

3,9

5,0

,005

10

5,2

3,4

4,6

,003

11

5,8

4,2

5,1

,009

11

5,2

3,5

4,6

,006

12

5,7

3,9

5,2

,002

12

5,2

3,5

4,7

,008

13

6,1

4,0

5,1

,000

13

5,0

3,1

4,3

,003

14

6,0

4,0

5,0

,000

14

4,9

3,1

4,5

,003

15

5,7

3,8

4,9

,001

15

5,0

3,0

4,5

,001

16

5,7

4,1

4,8

,008

16

5,0

3,2

4,4

,003

17

5,7

4,0

5,1

,004

17

4,9

3,2

4,3

,005

18

5,6

4,4

5,3

,046

18

4,8

3,3

4,2

,023

19

5,3

4,2

4,9

,059

19

4,6

3,5

4,0

,088

20

5,4

4,1

4,7

,018

20

4,6

3,5

4,2

,093

21

5,4

4,2

4,8

,013

21

4,6

3,2

4,1

,006

Discussion
We could show a significant reduction in pain after a triamcinolone acetonide injection
as we described in the results of the RCT

(22)

. In the data of the pain diaries we found

a faster reduction and steeper downward curve in the triamcinolone acetonide group
compared to the hyaluronic acid group and the NaCl group. The second injection showed
a booster effect in the stepwise reduction of pain in the triamcinolone acetonide group,
this effect was not seen in the hyaluronic acid and NaCl group. Little is known about the
pattern of perceived pain after corticosteroid injection, by means of the recorded VAS
scores we were able to give a graphic better description of this pattern. In the study of

58

Subacromial triamcinolone acetonide, hyaluronic acid and saline injections
for shoulder pain an RCT investigating the effectiveness in the first days

Table 4 - Mean visual analogue scale
(0–10) after the third injection
Day

Hyaluronic
acid

Triamcinolone
acetonide

NaCl

Sig.

Table 5 - Number of persons (n) in
need of escape medication after the
first injection
Day

Hyaluronic
acid

Triamcinolone
acetonide

NaCl

Sig.

0

5,4

3,1

4,5

,000

1

5,1

2,6

4,3

,000

1

20

10

20

,051

2

5,3

2,6

4,0

,000

2

21

11

19

,051

3

5,2

2,6

4,1

,000

3

17

13

15

,514

4

5,1

2,8

4,3

,000

4

15

13

17

,665

5

4,8

2,5

3,9

,000

5

22

14

18

,142
,379

6

4,8

2,5

3,9

,000

6

19

14

19

7

4,9

2,4

3,7

,000

7

18

10

20

,061

8

5,0

2,5

4,0

,000

8

21

10

20

,022

9

5,1

2,5

3,8

,000

9

23

7

20

,001

10

5,1

2,6

3,9

,000

10

20

8

21

,005

25

,002
,003

11

5,0

2,9

4,0

,001

11

21

9

12

4,9

3,0

3,7

,001

12

20

7

19

13

4,8

2,8

3,7

,001

13

23

8

20

,001

14

4,8

2,7

3,8

,001

14

18

7

20

,006

15

4,9

2,8

3,5

,000

15

24

6

19

,000

16

5,1

2,8

3,6

,000

16

21

11

15

,029

17

5,0

3,0

3,9

,001

17

21

9

17

,007

18

4,9

2,8

4,0

,001

18

18

10

17

,063

19

5,1

2,7

3,8

,000

19

15

6

13

,011

20

4,8

2,8

3,7

,000

20

15

8

14

,049

21

4,7

2,7

3,6

,000

21

8

6

8

,510

Lewis et al. the pain after corticosteroid injection in Tennis Elbow complaints was described
as an increase in pain for the first day after injection and a reduction after three to four days.
In our study we have not found an increase in pain as reported on the VAS score after the
subacromial injections (7).
In literature most studies describe a repetition of corticosteroid injections in the treatment
of shoulder disorders (19,21).
A number of studies focus on the negative side effects of corticosteroid injections. In these
studies merely the effect on the cuff tissue is described with increased damage of this tissue as
summarized in the systematic review of Dean (18). The group of Bathia however could not show
a significant higher number of cuff ruptures after higher numbers of repeated corticosteroid
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Table 6 - Number of persons (n)
in need of escape
medication after the second injection
Day

Hyaluronic
acid

Triamcinolone
acetonide

NaCl

1

13

18

2

19

6

3

14

4

18

5

20

6

21

3

Table 7 - Number of persons (n)
in need of escape
medication after the third injection

Sig.

Day

Hyaluronic
acid

Triamcinolone
acetonide

NaCl

Sig.

14

,292

1

20

5

12

,001

17

,003

2

22

6

9

,000

5

14

,031

3

22

5

11

,000

7

17

,014

4

18

5

10

,003

6

17

,002

5

19

3

10

,000

6

16

,001

6

20

3

10

,000
,000

7

20

7

17

,005

7

20

4

11

8

22

8

13

,001

8

16

5

11

,014

9

21

8

14

,005

9

20

4

11

,000

10

23

6

16

,000

10

19

4

11

,001

11

19

9

14

,037

11

20

5

12

,001

12

18

8

17

,036

12

19

5

11

,002

13

19

8

15

,022

13

21

4

10

,000

14

22

8

15

,003

14

20

7

11

,004

15

21

11

17

,047

15

23

4

10

,000

16

18

8

16

,038

16

24

3

10

,000

17

18

6

18

,003

17

22

4

12

,000

18

17

6

15

,010

18

19

3

12

,000

19

16

6

14

,011

19

21

4

10

,000

20

12

5

14

,061

20

18

5

10

,002

21

12

5

13

,068

21

21

3

9

,000

injections
weeks

(17)

(20)

. The group of Mykolyzk showed a reversible effect of these tissues after 3

. Based on these findings there seems to be some evidence to belief that cuff

tissue has the ability to recover after corticosteroid injection and that repetition of
corticosteroid injections does not necessary lead to increased numbers of cuff ruptures.
There are some limitations concerning our study, the selection of patients before
entering the study was performed without use of MRI or Ultrasound, this might give
some bias in the selection. In general practice however most patients will be treated based
on a clinical diagnosis. The results of this study therefore can be used for extrapolation
to general practice.
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The injections where placed without use of ultrasound guidance. A recent study
however showed that there is little evidence for the need of ultrasound guided needle
placement (29).
As far as we know there are no studies which show the short term accumulative effect
of corticosteroids in pain reduction. One of the strengths of our study is that we were able
to show a booster effect of a repeated triamcinolone acetonide injection after the second
injection.
In the previously published results of the RCT we could show a significant reduction
in pain on a VAS score after triamcinolone acetonide injection at three, six and twelve
weeks. In the current study we were able to show the results at nine weeks after the start
of the trial. Given the limited effect of reduction in pain after the third injection it is
questionable whether it is necessary to administer more than two injections in case of
subacromial impingement (22).
An increase in pain after corticosteroid injection is a common adverse effect

.

(19)

Although compared to other studies in which the effect of corticosteroids was studied
in the treatment of lateral epicondylitis, in our study the amount of perceived pain after
triamcinolone acetonide injection was limited (7). Patients in the hyaluronic acid group
needed significantly more co-medication compared to patients in the triamcinolone
acetonide group.

Conclusions
In the first week after injection of triamcinolone acetonide we could show a fast
reduction in pain. After the second injection we could show a limited booster effect
of repeated triamcinolone acetonide injection. We were able to graphically show this
booster effect of fast reduction in pain after the triamcinolone acetonide injection by
displaying the patient perceived pain on a VAS score in the days after injection. Given
the limited effect in pain reduction after the third triamcinolone acetonide injection
there might be evidence to reduce the total number of repeated triamcinolone acetonide
injections to two injections.
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Compared to hyaluronic acid and NaCl injections, triamcinolone acetonide injections
showed a fast and effective reduction in pain on a VAS score already after a limited
number of injections.
Table 8 - Adverse events

3

Hyaluronic acid
group n = 51

Triamcinolon acetonide
group n = 53

Flushes

1

Redness at injection site

1

Headache

8

5

2

2

Tingling
Nausea

NaCl group
n = 55

4
1
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Abstract
Shoulder disorders are common in the general population: they occur in about 25
of every 1000 patients per year. A rather large majority are caused by cuff disorders.
Differentiating between impingement and cuff rupture is essential to adequate
treatment. Clinical tests have been developed, but their accuracy is limited. This
study was performed to improve clinical accuracy by combining single tests and
adding a subacromial injection. We postulated that the empty can and drop arm
tests would result in higher sensitivity and specificity after subacromial injection.

4

Method: We prospectively assessed 49 patients with the empty can and drop arm
tests and used ultrasound to compare the individual and combined results.
Results: The ultrasound found six cuff ruptures. Specificity improved and
sensitivity decreased after subacromial injection.
Conclusions: Only specificity improved after subacromial injection. Combining
the test results led to an increase in both sensitivity and specificity without injection.
Keywords: Subacromial impingement, diagnostic accuracy study design, rotator
cuff, empty can test, drop arm test, sensitivity, specificity.
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Introduction
Shoulder disorders are frequently encountered in general practice: the reported
incidence rates of new episodes of shoulder disorders in general practice range from 12
to 25 per 1000 patients per year (42). The cumulative incidence of shoulder disorders in the
general population in the Netherlands has been estimated at 11.2 per 1000 patients per
year (95% CI 10.1-12.3) (43). Shoulder disorders involve pain in the upper arm and deltoid
region accompanied by stiffness. Pain and stiffness limit a person’s ability to perform
normal daily activities (41).

4

The majority of patients have a painful arc: pain within a specific range (usually
between 90 and 140 degrees) of shoulder abduction. This painful arc originates from
cuff impingement, which is supposedly caused by an inflammatory reaction. A
sustained inflammatory reaction can lead to effusion and occasionally calcification in
the subacromial space (35). Long-lasting impingement causes cuff degeneration and cuff
rupture, for which surgical treatment is needed (12).
Subacromial impingement is a common cause of shoulder disorders, but differentiating
between impingement and cuff rupture is essential to adequate treatment. Without
differentiation, the number of missed or misdiagnosed cuff ruptures will increase.
This may lead to more extensive cuff ruptures, making complex surgical interventions
necessary (23). With large and degenerative cuff ruptures, the chance of complete recovery
after surgery is small (7, 13, 22).
Traditional physical examination is insufficient for making a valid and reproducible
differentiation of the causes and sources of shoulder disorders

. Recent reviews of

(11)

physical tests for shoulder impingement advocate the use of multiple tests for diagnosing
pathological shoulder disorders (2, 14).
A number of clinical tests have been developed to prove and exclude rotator cuff
tears. However, the evidence for their diagnostic accuracy is very limited. Estimates of
sensitivity and specificity are based on research in specialised care settings and have large
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confidence intervals. The tests are generally compared to arthrography, findings during
surgery or subacromial infiltration (8, 24, 29). Available clinical tests for assessing rotator cuff
ruptures are based on an assessment of muscular strength and an assessment of pain. The
accompanying pain might influence muscular strength and mask a cuff rupture.
The current interpretation of tests is not adjusted for the influence of pain. We
conducted this study to examine the effect of pain on individual shoulder tests. In
accordance with the STARD (STandards for Reporting of Diagnostic Accuracy) initiative,
the clinical tests under study will be referred to as index tests and ultrasound will be

4

referred to as the reference test (4, 6, 5, 31, 36, 37).
The majority of patients suffering from shoulder disorders are seen and treated
by their general practitioners or orthopaedic surgeons. Given the limited value of the
currently used individual shoulder tests, there is a need for tests that can differentiate
between impingement and cuff rupture and that are suitable for use in both primary and
secondary health care.
The available clinical tests designed to detect cuff ruptures have limited accuracy.
This study will assess the accuracy of the empty can and drop arm tests before and after
subacromial injection to differentiate between the presence and absence of cuff ruptures
in patients with shoulder disorders. The effect of the subacromial injection and the results
of the clinical tests will be compared, individually and together, with ultrasound (i.e. the
reference test). We postulate that the empty can and drop arm tests for cuff rupture will
be more sensitive and specific after the administration of an anaesthetic than before
injection.

Patients and methods
This study was approved by the Medical Ethics Review Committee of our hospital
and was performed at the outpatient clinic of our orthopaedic surgery department. Data
were prospectively collected from consecutive patients diagnosed with subacromial
impingement, referred by their general practitioners. Based on histories and regular
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physical examinations, the diagnosis was confirmed and patients were treated according
to standard conservative treatment: administration of a subacromial corticosteroid
injection.
Patients were eligible for this study if they were 18 years of age or older, had consulted
an orthopaedic surgeon for pain in their shoulder and had a painful arc (painful movement
between 90 and 140 degrees of abduction). Patients were excluded if they exhibited
clinical signs of instability, or if a frozen shoulder or a cervical radicular syndrome were
the suspected or definite cause of their shoulder disorders.
This was a cohort diagnostic accuracy study. All clinical tests, including the subacromial
injection, were performed during intake at the outpatient clinic. The reference test (i.e.
ultrasound) was performed within two weeks after intake.

Reference Test
Ultrasound was used as the reference test for detection of cuff ruptures because it
can detect both full and partial thickness ruptures. Sensitivity and specificity for the
assessment of partial thickness ruptures were 0.84 and 0.89, respectively. For detection
of full thickness rotator cuff tears, sensitivity was 0.96 and specificity was 0.93 (3, 9, 15-17, 20,
21, 25-27, 30, 33, 38-40, 44).

All the ultrasound diagnostics for this study were performed by two radiologists who
are specialised in musculoskeletal radiology. They are highly trained and experienced in
using ultrasound to diagnose shoulder disorders.
The result of the ultrasound was noted as either positive or negative for cuff rupture.
If it was positive, the type of rupture was described as either full or partial thickness with
the size given in centimetres.

Empty Can Test (Jobe Test)
This test is used to determine the presence of weakness in the supraspinatus muscle
due to cuff rupture or pain (in the case of tendonitis). During this test, the patient is either
standing or sitting in an upright position. The shoulder is fully internally rotated to 90
degrees of abduction and 30 degrees of anteflexion. The patient is instructed to resist the
downward pressure exerted by the examiner.
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The results of this test are positive if there is limited function (i.e. the patient is unable
to withstand the applied resistance) or negative if there is good function

. For this

(19)

test, a mean pooled sensitivity of 69% and a mean pooled specificity of 62% have been
reported(1).

Drop Arm Test (Codman’s Sign)
After maximal passive abduction, the patient is asked to actively lower the arm in the
frontal plane. Based on muscle weakness, pain or cuff rupture, the arm will drop. The test
results are positive if the arm drops while it is being lowered and negative if there is good

4

function (10). For this test, a mean pooled sensitivity of 21% and a mean pooled specificity
of 92% have been reported (1).

Neer Test
The Neer test is performed with the patient in an upright sitting position and both
arms hanging down. The arm is passively elevated in anteflexion while the ipsilateral
scapula is fixed to prevent movement. The occurrence of pain during this anteflexion
movement is a painful arc. The test is performed again approximately a quarter of an hour
after 10 ml of lidocaine 1% has been injected in the subacromial bursa. When there is no
more pain during the passive elevation, the Neer test results are positive (28).
During the injection, the patient is seated in an upright position with zero degrees of
abduction. Just medio caudal of the dorsal lateral acromial edge, a soft spot can be palpated
(i.e. the posterior of the greater tubercle): this is the injection site. It is marked with the
back of a cotton bud and disinfected with iodine in alcohol or, in case of a known iodine
allergy, with a chlorhexidine 0.5% solution. The injection is then made at the marked spot
. The injections used in this study consisted of 2 ml Triamcinolone acetonidum 10 mg/

(34)

ml (2 ml) and lidocaine 1% (8 ml) and were used both diagnostically and therapeutically.

Combination of Tests
The empty can and drop arm tests are part of the regular physical examination
to detect cuff ruptures in cases of subacromial impingement. Since the drop arm test
generally causes more pain, the empty can test was performed first. They were performed
individually before and after subacromial injection. The results were then analysed for
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the individual tests and the combined tests. The test results were documented as either
positive or negative.
During the consultation for shoulder disorders, an orthopaedic surgeon (first author)
took the regular history and performed the physical examination. The orthopaedic
surgeon was well trained and experienced in taking histories and performing physical
examinations related to shoulder disorders. All the patients were examined and injected
by the same orthopaedic surgeon.
The results of the tests under study were compared with the reference test (ultrasound).
Based on these comparisons, we constructed 2 x 2 tables and calculated the sensitivity
and specificity of testing and the 95% confidence intervals. We also calculated the
derived positive predictive value, the negative predictive value, overall accuracy, pre-test
probability, pre-test odds, likelihood ratio, post-test odds and post-test probability.
For the analysis of the combined test results before and after injection, we used a
rule for parallel testing. This means that in order to obtain a positive test result for the
combination of tests, either the drop arm test or the empty can test had to have a positive
result. In serial testing, the result would be positive when both tests had positive results.
After applying this rule of parallel testing, we constructed new 2 x 2 tables to calculate
sensitivity and specificity.

Results
We originally enrolled 50 patients in this study. One patient was not assessed by
ultrasound and thus excluded. The final study group consisted of 49 patients, 20 male and
29 female, with a mean age of 56.6 years (range 26-80 years). Most patients were affected
on the right-hand side (n=29) Eleven patients had suffered a shoulder trauma that was
considered to be the cause of their complaints (Table I).
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Table 1 – Demographic Data
Participants (n=49)
Sex

41% male / 59% female

Age

mean = 56.5 years; range = 26-80 years

Affected side

41% left / 59% right

Dominant side

10% left / 90% right

Trauma

22% yes / 78% no

Ultrasound performed on the patients found six rotator cuff ruptures: five full
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thickness ruptures and one partial thickness rupture (Figures 1 and 2). All the ruptures
were located in the supraspinatus tendon. The size of the full thickness ruptures ranged
from 1.0–2.5 cm. The partial thickness rupture was 0.8 cm in size.

Empty Can Test
The results were dramatically different before and after injection. Before injection,
the test results were positive for 65% of the patients (n=32) and negative for 35% (n=17).
The test showed a sensitivity of 67% (95% CI 0.3-0.90) and a specificity of 35% (95% CI
0.22-0.49; LR+=1; LR-=.95). After injection, the results of the empty can test switched:
it was positive for 35% of the patients (n=17) and negative for 65% (n=32). It showed a
sensitivity of 33% (95% CI 0.09-0.70) and a specificity of 67% (95% CI 0.52-0.79; LR+=1;
LR-=1) after injection.

Drop Arm Test
Patients also performed better on the drop arm test after injection. Before injection,
the test results were positive for 12% of the patients (n=6) and negative for 88% (n=43).
The test showed a sensitivity of 17% (95% CI 0.03-0.56) and a specificity of 88% (95%
CI 0.75–0.94; LR+=1.4; LR-=.94). After injection, the test results were positive for 6% of
the patients (n=3) and negative for 94% (n=46). The sensitivity remained 17% (95% CI
0.03–0.56) with a specificity of 95% (95% CI 0.84–0.98; LR+=3.58; LR-=0.87).

Neer Test
After injection, 69% (n=34) of patients tested positive.
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Figure 1 – STARD Flowchart for the Empty Can Test
Eligible patients
n=50

Excluded patients
Reasons n=0
Empty Can after
injection
n=50

Abnormal result
n=17

No reference standard
n=0

4

Normal result
n=33

No reference standard
n=17

Ultrasound
n=17

Inconclusive
n=0

Ultrasound
n=32

Inconclusive
n=17

Cuff rupture present
n=2

Cuff rupture absent
n=15

Cuff rupture present
n=4

Cuff rupture absent
n=28

Table 2 – Results
Test

Positive

Negative

Neer test

34

15

Empty can test
before injection
after injection

32
16

17
33

Drop arm test
before injection
after injection

6
3

43
46

Cuff rupture on ultrasound

6

43
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Figure 2 – STARD Flowchart for the Drop Arm Test
Eligible patients
n=50

Excluded patients
Reasons n=0
Empty Can after
injection
n=50

4

Abnormal result
n=3

No reference standard
n=0

Normal result
n=47

No reference standard
n=1

Ultrasound
n=3

Inconclusive
n=0

Cuff rupture present
n=1

Ultrasound
n=46

Inconclusive
n=0

Cuff rupture absent
n=2

Cuff rupture present
n=5

Cuff rupture absent
n=41

Combined Results
Combining the results of the empty can and drop arm tests, we found a sensitivity
of 72% before injection and 44% after injection. We found a specificity of 92% before
injection and 98% after injection (Table III).
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Table 3 – Overall Calculated Results
Empty Can Test

Drop Arm Test

Combined Tests

Before
injection

After
injection

Before
injection

After
injection

Before
injection

After
injection

Sensitivity
(95% CI)

67%
(.23 – .94)

33%
(.05 – .80)

17%
(.03 – .63)

17%
(.03 – .63)

67%
(.23 – .95)

33%
(.05 – .77)

Specificity

34%
(.21 – .50)

67%
(.51 – .81)

88%
(.75 – .97)

95%
(.80 – .99)

33%
(.19 – .49)

65%
(.49 – .79)

Predictive value
Positive
Negative

13%
12%

13%
12%

17%
12%

33%
11%

12%
88%

12%
88%

Overall accuracy

8%

63%

80%

86%

8%

4%

Probability
Pre-test
Post-test

12%
13%

12%
13%

12%
17%

12%
33%

12%
12%

12%
12%

Odds
Pre-test
Post-test

.14
.14

.14
.14

.14
.20

.14
.50

.14
.14

.14
.13

1

1

1.4

3.5

.98

.95

Likelihood ratio

4

Discussion
The empty can test had an intermediate sensitivity of 67% and a low specificity of 35%
compared to the reference test without anaesthesia. In contrast, for cuff ruptures, the drop
arm test had a low sensitivity of 17% and a high specificity of 88% (LR+=1.4; LR-=+0.94)
compared to the reference test without anaesthesia. When the tests were performed after
administering anaesthesia, the specificity of testing improved for both tests. In contrast to
our hypothesis, only specificity improved after injection.
Some of our results and techniques were different than those of other studies. Several
other studies have used different techniques for detecting rotator cuff tears: arthrography,
findings during surgery or magnetic resonance imaging (25-27, 32, 33, 40). Compared to results
in the literature, we found that the empty can test resulted in rather low sensitivity and
specificity (1, 18). This might be due to the small number of cuff ruptures in our population.
When we compared specificity, we found that the numbers were equal to those in the
literature for the drop arm test (8). The combination of the empty can and drop arm tests
showed that, in contrast to the individual test results, sensitivity and specificity increased
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before injection. After injection, the specificity improved even more, although there was
a decrease in sensitivity. These results stress the importance of combining different tests
when making physical examinations of shoulder disorders, as other researchers also
concluded (2, 14).

Conclusions

4

We found relatively low to intermediate sensitivity and specificity levels for the empty
can and drop arm tests. Administration of an anaesthetic and repeated performance of
the tests improved the specificity of testing, but decreased the sensitivity. When the tests
were combined, we found higher sensitivity and specificity levels before injection and
higher specificity after injection.
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Painful shoulder movement in
the frontal plane, a gradation
of the painful arc
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Abstract
Background: Shoulder disorders are common in the general population. In
secondary healthcare 36% of complaints have a subacromial cause. A typical feature
of subacromial complaints is the specific painful range of motion between 60 and
120 degrees of abduction, described as the painful arc. Based on clinical observation
it is possible to differentiate the severity of a painful arc. For this study we propose a
gradation of the painful arc into four categories based on observations of pain and
movement in the frontal plane.
Patients and methods: This study was part of a RCT for which a total of 159
patients were included. Patients were randomized to treatment for subacromial

5

disorders with repeated subacromial injections using lidocaine with hyaluronic acid,
corticosteroid or saline (placebo). Patients had their painful arc scored as being either
grade 0, no pain and normal movement, grade 1, slight painful normal movement,
grade 2, painful disturbed scapulothoracic and glenohumeral movement and grade
3 painful, disturbed scapulothoracic and glenohumeral movement with a painful
drop. The scores were compared to the VAS score and secondary outcome measures
as Constant score, Functional mobility test, Shoulder disability questionnaire and
shoulder pain score.
Results: At baseline no grade 0 was observed. Grade 1 was observed in 26%
(n=41), grade 2 in 43% (n=69) and grade 3 in 31% (n=49). After three weeks, grade
0 was observed 3% (n=4), grade 1 in 31% (n=49), grade 2 in 40% (n=64 and grade 3
in 26% (n=42). At final follow up at 26 weeks grade 0 was observed in 23% (n=36),
grade 1 in 40% (n=63), grade 2 in 21% (n=33) and grade 3 in 17% (n=27).
In comparison to primary and secondary outcome measures we found a positive
correlation with the observed gradation.
Discussion: The observations of a graded painful arc showed to be complementary
in the observation of subacromial disorders. As far as known, this is the first
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study to describe a gradation for the painful arc. Single observations by a single
observer slightly flaw the study and further research is needed for investigation of
reproducibility and validity.
Based on the present observations gradation of the painful arc seems to be of use
for clinical decision making.
Keywords: Shoulder, painful arc, classification, subacromial impingement
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Introduction
Shoulder disorders account for a rather large majority of musculoskeletal complaints
in the general population. Incidence rates of shoulder disorders in Orthopedic practice
are estimated at 9 / 1000 patients / year.(1)
Common encountered symptoms consist of pain in the upper arm and deltoid
region, sometimes accompanied with stiffness.(2, 3) The causes and sources are variable,
but a rather large group consists of subacromial complaints. In secondary health care
approximately 36% of complaints have a subacromial cause.(4) Most patients will present
with limited or painful movement in the frontal plane. The frontal or coronal plane is
defined as the plane perpendicular to the sagittal planes. Both abduction and adduction

5

are performed in the frontal plane. (Fig 1)
During the first phase of shoulder elevation the movement is largely glenohumeral,
after 30 degrees of elevation the glenohumeral and scapulothoracic joint move
simultaneously in an overall ratio of 2:1 of glenohumeral to scapulothoracic movement.(5)
A rather typical feature of subacromial complaints is the specific range of motion
in the frontal plane in which pain is expressed. This range of painful motion is most
expressed between 60 and 120 degrees of abduction and has been described as the painful
arc.(6) There is some variety in the definition of the painful arc concerning the specific
range of painful motion. Neer described the painful arc as a painful movement in the
frontal plane during active elevation between 70 and 120 degrees. In this frontal plane
impingement of the rotator cuff beneath the coraco-acromial arch occurs causing the
painful arc.(7)
The observation of a painful arc consists of an assessment of disturbed motion and
occurring pain.
Although the complaints causing this pain were traditionally explained based
on an anatomical subacromial impingement(8) there is a tendency to describe the
complaints as subacromial pain.(9) In general the impingement is the result of a decreased
acromiohumeral distance. A number of causes have been described for the subacromial
pain syndrome; calcified tendonitis, osteoarthritic osteophytes, micro instability and
overuse.(10) Further stages of the impingement as well as genetic predisposition and wear
and tear lead to degeneration of the cuff causing pain.(9, 11, 12)
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Figure 1 – Frontal plane

5

Not all patients suffering of a painful arc will express the same amount of pain. During
the course of disease further reduction of pain can occur with a painful arc still present.
Based on these observations and observations of persistent painful arc irrespective of
reduction in pain, we believe that the severity of a painful arc could be of interest for the
course of disease.
In this study we describe a gradation of the painful arc.
This description is based on clinical observations concerning pain and movement. We
have classified the painful arc accordingly into four categories. From grade 0 in which no
pain or abnormal movement is observed to grade 3 in which a painful drop is observed.
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In this study, which was part of a randomized controlled trial in which the effectiveness
of subacromial injections was evaluated, we classified the observed painful arc into one
of the four categories.(13) The results of this gradation were compared to primary and
secondary outcome measures of the RCT like the VAS score, Constant Murley score, the
Functional Mobility Test, the Shoulder Disability Questionnaire and the Shoulder Pain
Score.(14-18).
We postulated that with a reduction in pain during the course of disease and provided
treatment the classification of the painful arc would change accordingly.(i.e. lower pain
score on VAS, lower grade of painful arc)

5

Patients and methods
For this study results were used of a RCT in which patients were treated for
subacromial impingement.(13) At the start of the study, before treatment, all patients
included had a painful arc. A total of 159 patients were included in this study including
75 men and 84 women with a mean age range of 53 years (range 20- 87). Patients did not
receive prior injection treatment by their general practitioners for their current episode
of shoulder pain. Patients were randomised into three treatment groups and were blinded
for their respective treatment. Treatment consisted of a subacromial injection with either
a mixture of 8 ml lidocaine 1% and 2 ml hyaluronic acid (Ostenil) TRB Chemedica, Haar
/ München, Germany); a mixture of 8 ml lidocaine 1% with 2 ml triamcinolone acetonide
10 mg / ml; or a mixture of 8ml lidocaine 1% with 2ml of NaCl 0.9% (placebo group).
The subacromial injections were repeated up to three times if necessary, after three and
six weeks. Outcome measurements were assessed at baseline and during the course of the
study. Follow up measures were taken at three, six, 12 and 26 weeks.
At baseline, before subacromial injection, a physical examination was performed.
During the physical examination the painful arc was observed during active movement
and categorized. For this categorization the amount of perceived pain as well as the
scapulothoracic and glenohumeral movement was observed. All physical examinations
and observations of the painful arc were carried out by the same physician.
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Classification of painful arc
We have classified the painful arc as being grade 0 when there is no pain during
completely normal scapulothoracic and glenohumeral motion during elevation in the
frontal plane.
We classify the painful arc as grade 1 in case of normal scapulothoracic and
glenohumeral motion during elevation in the frontal plane with a limited amount of pain
during motion.
In case of a disturbed glenohumeral and scapulothoracic motion accompanied with
pain we classify the painful arc as grade 2.
In case of disturbed glenohumeral and scapulothoracic motion accompanied with
pain and followed by a painful drop during active lowering of the arm we classify the
painful arc as grade three. (Table 1)
All of the used primary and secondary outcome measures that were obtained for
follow up purposes of the RCT, were used for comparison with the gradation of the
painful arc.
The primary outcome measure of the RCT was pain as measured on a horizontal 10
cm visual analogue scale (VAS) (0, no pain to 10, severe pain).(18)
The Constant shoulder score is a validated system with subjective (pain and daily
activities) and objective (range of movement and power) assessments in a ratio of
35%:65%. It is designed to provide a full functional assessment applicable to different
shoulder conditions.(14)
The functional Mobility Test is a standardized motor test in patients with painful
shoulder joint disorders.(15)
The Shoulder Disability Questionnaire is a functional questionnaire for pain and/
or limitation of movement of the shoulder. The past 24 hours are assessed through 16
questions that can be answered with either yes, no, or not applicable.(16)
The Shoulder Pain score consists of six questions about pain and uses a 101 numerical
rating scale (NRS 101). It has proved useful for following the course of disorder of the
shoulder over time and giving an indication of when the patient is cured.(17)
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Table 1 – Gradation of painful arc
grade

description

0

No pain, normal glenohumeral and scapulothoracic movement

1

pain, but normal glenohumeral and scapulathoracic movement

2

Pain with a disturbed glenohumeral and scapulothoracic movement

3

Pain with a disturbed glenohumeral and scapulothoracic movement followed by a painful drop during
lowering of the arm

Statistical analysis
First data were tested for normality. Frequencies were calculated for the consecutive
follow up moments at 3, 6, 12 and 26 weeks. Missing values were treated by the Last
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observation carried forward (LOCF) method in case of loss to follow up or withdrawal.
For all other missing data a mean trend substitution was performed. A Linear regression
analysis was performed for comparison of the painful arc to the primary and secondary
outcome measures. The p-value was set at <0,05.

Results
All of the 159 included patients received the first allocated injection. The second
and third allocated injections were received by 150 patients. Nine patients (6%) did not
receive the second and third injection, 3 in each of the groups. In the hyaluronic acid
group reasons for not receiving the allocated injections were: withdrawn because of
malignancy (n = 1), lost to follow up (n = 1) and not wishing to continue (n = 1). In the
triamcinolone acetonide group reasons for not receiving the allocated treatment were:
withdrawn because of too much pain (n = 1), lost to follow up (n = 1) and complete
relieve of pain after 2 injections (n = 1). In the NaCl injection group reasons for not
receiving the allocated treatment consisted of too much pain (n = 2) and lost to follow
up (n = 1).
A total of 22 of the 159 patients (13.8%) withdrew from the study, with no further or
incomplete follow-up. Reasons for withdrawal consisted of malignancy (2), too much
pain (5), not wishing to continue (1) and loss to follow-up (14). Of the 14 patients lost
to follow-up, ten could not be contacted; the other four did not wish to continue the
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study. All patients who withdrew from the study were included in the statistical analysis
according to the intention-to-treat principle, in which the last observation carried
forward principle was used.(13) (Fig 2)
All data was normally distributed. At baseline, before treatment, no grade 0 was
observed in the evaluation of the painful arc. Grade 1 was observed in 26% (n=41), grade
2 in 43% (n=69) and grade 3 in 31% (n=49). After three weeks, at first follow up, grade 0
was observed 3% (n=4), grade 1 in 31% (n=49), grade 2 in 40% (n=64 and grade 3 in 26%
(n=42). At final follow up at 26 weeks grade 0 was observed in 23% (n=36), grade 1 in
40% (n=63), grade 2 in 21% (n=33) and grade 3 in 17% (n=27). (Table 2, fig 3)
Linear regression analysis of the VAS score and the gradation of the painful arc was
positively correlated at all follow up measurements.
In table 3 the results of the linear regression analysis for secondary outcome measures
are displayed. The results show that with a higher gradation of the painful arc the result in
the constant score is worse. In case of the functional mobility test the results are in a same
direction. As the painful arc shows a higher grade, results on the functional mobility test
are worse.
For the shoulder disability questionnaire a higher grade of the painful arc resulted in
a higher and thus worse score in the Shoulder disability Questionnaire. The same result
was found for the shoulder pain score. (table 3)

Table 2 – Frequency of painful arc in time
week

grade 0

grade 1

grade 2

grade 3

0

0

41

69

49

3

4

49

64

42

6

10

66

52

30

12

26

66

38

29

26

36

63

33

27
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Figure 1 – Randomisation of patients and patiënt flow in the trial
Patients referred with
subacromial impingement
(222)

Not randomised
(63)

Lack of time not willing to cooperate (7)
Not willing to cooperate because of
placebo (10)
Not willing to cooperate other reason (21)
Not meeting inclusion criteria (25)

Randomisation
(159)

Allocated to treatment with
Hyaluronic Acid injections
(51)

Allocated to treatment with
corticosteroid injections
(53)

Allocated to treatment with
NaCl injections
(55)

Received injections as allocated
first injection (51)
second injection (49)
third injection (48)

Received injections as allocated
first injection (53)
second injection (52)
third injection (50)

Received injections as allocated
first injection (55)
second injection (53)
third injection (52)

Did not receive allocated
treatment (3):
withdrawn malignancy (1)
withdrawn too much pain (1)
lost to follow up (1)

Did not receive allocated
treatment (3):
withdrawn too much pain (1)
lost to follow up (1)
no pain (1)

Did not receive allocated
treatment (3):
change to standard treatment (2)
lost to follow up (1)

Follow up:
at 3 weeks (49)
at 6 weeks (48)
at 12 weeks (47)
at 26 weeks (44)

Follow up:
at 3 weeks (52)
at 6 weeks (51)
at 12 weeks (51)
at 26 weeks (45)

Follow up:
at 3 weeks (55)
at 6 weeks (54)
at 12 weeks (53)
at 26 weeks (48)

Withdrawn from study (7):
at 3 weeks: not wish to continu (1)
due to malignancy (1)
at 6 weeks: lost to follow-up (1)
at 12 weeks: due to too much pain (1)
at 26 weeks: due to too much pain (1)
lost to follow-up (2)

Withdrawn from study (8):
at 3 weeks: due to too much pain (1)
at 6 weeks: lost to follow-up (1)
at 12 weeks: (0)
at 26 weeks: due to malignancy (1)
lost to follow-up (5)

Withdrawn from study (7):
at 3 weeks: (0)
at 6 weeks: lost to follow-up (1)
at 12 weeks: lost to follow-up (2)
at 26 weeks: due to too much pain (2)
lost to follow-up (2)

Completed trial
(44)

Completed trial
(45)

Completed trial
(48)

5
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Table 3 – Linear regression analysis
Grade 1

baseline

3 weeks

6 weeks

12 weeks

26 weeks

Grade 2

GR 3

B

sign.

B

sign.

B

sign.

constant score

2,334

0,25

_

_

-15,76

0

FMT

-2,373

0

_

_

4,419

0

SDQ

-3,995

0,254

_

_

7,099

0,033

SP

-1,232

0,139

_

_

1,447

0,067

constant score

-12,087

0,035

-19,656

0,001

-38,512

0

FMT

1,189

0,45

4,375

0,006

9,631

0

SDQ

35,378

0,001

56,951

0

65,937

0

SP

6,536

0,008

10,234

0

13,917

0

constant score

-10,352

0,004

-20,258

0

-39,333

0

FMT

2,591

0,004

6,212

0

11,433

0

SDQ

32,111

0

54,898

0

62,499

0

SP

3,067

0,05

8,224

0

11,3

0

constant score

-9,752

0

-19,247

0

-39,822

0

FMT

1,793

0,003

5,518

0

10,842

0

SDQ

41,12

0

54,798

0

63,936

0

SP

6,657

0

8,2

0

12,212

0

constant score

-10,381

0

-18,545

0

-35,556

0

FMT

2,595

0

6,157

0

10,278

0

SDQ

-10,62

0,096

-2,979

0,684

7,209

0,352

SP

-2,341

0,055

-0,914

0,513

1,5

0,31

5
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Figure 1 – Frequency of painful arc in time

5
Discussion
In this study we have described a gradation of the painful arc in subacromial disorders.
The gradation was based on observations of patient perceived pain and glenohumeral
and scapulothoracic motion. The study was part of a RCT in which the effectiveness
of subacromial injections was evaluated. At all follow up occasions the painful arc was
graded according to the proposed classification. For this study we explored the usefulness
of a classification of the painful arc. We found the classification of the painful arc to
be complementary to observations of subacromial disorders. The observed gradation
went in the same direction as all other outcome measures. (i.e. in case of improvement
of complaints we found a lower grade of the painful arc). As far as we know there have
been no other studies that have tried to grade the painful arc before. We are aware of the
limitations of this study. The study was performed with a single observation and single
observer and therefore we are not able to present inter and intra observer ratings. However,
based on the observations carried out for this study we believe that the gradation of the
painful as presented is of use for clinical decision making. Further research is needed for
investigation of reproducibility and validation of the gradation of the painful arc.
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Abstract
Background: The purpose of this study was to evaluate the inter- and intraobserver reliability and accuracy of sonographic (US) acromiohumeral distance
(AHD) measurement for both experienced and novice operators in US in patients
suffering from subacromial impingement syndrome.
Method: A total of 43 patients (50 shoulders) diagnosed with subacromial
impingement syndrome were recruited from an orthopedic outpatient clinic. The
US measurement of AHD was obtained consecutively in a neutral position and in a
60° abduction position. A total of 300 blinded measurements were taken.
Result: In the neutral abduction group the intraobserver interclass correlation
coefficient (ICC) was 0.94 for the experienced operator and 0.92 for the novice

6

operator. The inter-observer ICC was 0.70 and the accuracy was 1.1 mm. In the 60°
abduction group, the intra-observer ICC was 0.90 for the experienced operator and
0.87 for the novice operator. The interobserver ICC was 0.64 and the accuracy was
1.4 mm. All ICCs were significant at a level of p < 0.0001.
Conclusion: The inaccuracy of the method was 1 mm regardless of the experience
of the observer. US AHD measurement in patients with shoulder complaints is not
as accurate as reported in healthy subjects. This may have important implications
for the clinical use of this parameter. ©2010 Wiley Periodicals, Inc. J Clin Ultrasound
38:128–134, 2010; Published online in Wiley InterScience (www.interscience.wiley.
com). DOI: 10.1002/jcu.20674VV
Keywords: ultrasonography; shoulder; shoulder impingement syndrome;
acromiohumeral distance; subacromial space; musculoskeletal system
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The acromiohumeral distance (AHD) has been studied in literature mainly through
standard X-rays of the shoulder. The AHD is influenced by rotator cuff disease such as
tears, muscle fatty degeneration, and atrophy. Hence, it can be used to diagnose rotator
cuff tears, fatty degeneration, and atrophy.(1,2) Fatty degeneration is of prognostic value
in reconstructive rotator cuff surgery.(3) Progressive fatty degeneration of the rotator cuff
is associated with poor surgical outcome.(3) Recently, AHD has been associated with
shoulder function (Constant Score) in patients suffering from subacromial impingement
syndrome (SIS).(4) Accurate AHD measurement is therefore of clinical importance.
The AHD is a 3-dimensional distance.(5) Radiographic assessment can only measure
2-dimensional displacement. Another problem with radiographic AHD measurement is
that the AHD is affected by both patient positioning and beam direction.(6,7)
Researchers have used sonography (US) to measure the AHD.(8–12) Real-time US
enables the radiologist to dynamically look for the smallest AHD in various patient
positions. Comparison with the contralateral shoulder can also be readily performed
without exposing the patient to additional radiation. Contrary to healthy subjects, the
reliability and accuracy of US AHD measurement has not been investigated in patients
with shoulder complaints.(10) The purpose of this study was to evaluate the inter- and
intraobserver reliability and accuracy of US AHD measurements by both experienced
and novice operators in symptomatic patients.

Materials and Methods
Institutional review board approval was obtained and written informed consent was
obtained from the patients. Patients were recruited from an orthopedic outpatient clinic.
Inclusion criteria were a SIS diagnosed by an orthopedic surgeon, requiring a referral
for US of the rotator cuff, and complaints for a period of more than 6 months without
response to nonsurgical treatment. Exclusion criteria were shoulder complaints other than
SIS such as shoulder instability, adhesive capsulitis or pathology of the acromioclavicular
joint, a history of systemic musculoskeletal disorders, fracture of the upper extremity, or
surgery of the affected shoulder.
Measurements were conducted on 50 shoulders in 43 patients, equally divided in a
neutral position group and a 60° abduction group. No randomization was performed.
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Measurements took place in a consecutive manner. After completion of the neutral
position cohort, the 60° abduction group followed.
In the neutral position group, there were 9 men and 12 women (4 patients with
bilateral SIS) with a mean +/- SD age of 51 +/- 11 years (range, 34–74 years). The mean
+/- SD height of the patients was 174 +/- 9 cm (range, 162–193 cm). There were 9 right
and 16 left shoulders.
In the 60° abduction group, there were 10 men and 12 women (3 patients with bilateral
SIS) with a mean +/- SD age of 52 +/- 10 years (range, 34–68 years). The mean +/- SD
height was 172 +/- 7 cm (range, 160–186 cm). There were 9 right and 16 left shoulders.
Two observers, an experienced musculoskeletal radiologist with 6 years of experience
in US of the shoulder and an orthopedic resident novice in shoulder US, independently
measured the AHD in the same set of patients. These 2 observers of different experience
levels were chosen to evaluate the effect of experience with US, because this has been
shown to be of importance in US of the rotator cuff.(13) Both the experienced and the novice
operator practiced the technique on several patients (not included in this series) until

6

they were familiar with it and felt confident they could obtain reproducible results. Each
observer was blinded to the other’s as well as his own measurements. The measurement
of the AHD displayed in the left lower corner of the monitor was masked and the cover
remained in place throughout the entire session. All measurements of a given patient,
performed by both the experienced and the novice operator, were obtained and recorded
in a single session. During the measurements, the experienced and novice operators were
never together in the same room, so that measurements were obtained independently.
The recorded AHD measurements could only be viewed when the session was finished.

Neutral Position of the Shoulder (No Abduction)
The US examinations were carried out on a HDI 5000 scanner using a 5- to 12-MHz
linear array transducer, and a center frequency of 7.5 MHz (Philips Ultrasound, Bothell,
WA). We aimed to standardize and control the patient position as much as possible. The
patients were therefore positioned on a chair with the arms hanging at the side, while
holding an anti-rotation rod in supination (Figure 1). This rod also prevented unintended
abduction. The arm was placed at 0° anteflexion and this was monitored throughout the
examination.
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Figure 1 – Photograph shows the positioning of the patient for measurement
of AHD in neutral (0°) abduction position. The rotation in the shoulder joint is
controlled by the placement of the hands on the bar.

6

The AHD is defined as the shortest distance between the acromion and the most
superior aspect of the humerus (Figure 2).(10) It was measured at the inlet of the subacromial
space by holding the transducer longitudinally with respect to the supraspinatus tendon
as described in literature.(10,14) The transducer was slightly moved around to find the
smallest AHD, which was then measured and recorded in millimeters. Each operator
took 3 independent, blinded measurements. In total 6 measurements were taken for each
shoulder, accounting for a total of 150 measurements in the neutral abduction group.
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Figure 2 – US measurement of AHD in neutral position of the shoulder
US measurement of AHD in
neutral position of the shoulder.
The ADH was measured at the
inlet of the subacromial space
by holding the transducer along
the suprapinatus tendon. The
transducer was moved to find
the smallest AHD, which was
then measured and recorded in
millimeters (mm). A, acromion;
AHD, acromiohumeral distance;
H, humerus; SS, supraspinatus
tendon.

60° Abduction
The measurement of the AHD at 60° abduction is similar to AHD measurement in the
neutral abduction group. Instead of an anti-rotation rod, an abduction chair and a custom

6

designed dynamic goniometer were used to allow for controlled abduction (Figure 3).
The abduction chair was designed to only allow abduction in the scapular plane while
restricting both forward and backward flexion. Internal and external rotation was
monitored throughout the examination by keeping the elbow of the patient level. Before
the study started, the dynamic goniometer was tested and found to be accurate within 1.5
degree. Again both the experienced and the novice operators took 3 independent, blinded
measurements. In total 6 measurements were taken for each shoulder at 60° abduction,
accounting for a total of 150 measurements in the 60° abduction group (Figure 4).

Reproducibility
The 3 measurements, taken by each observer in each abduction group, were used
for determining the inter- and intra-observer reliability. We were also interested in
the effect of the actual AHD measurement (placing-the-dots on the US image) on the
overall reproducibility. Therefore we took blank US images during the neutral and 60°
abduction measuring protocol. We selected 25 of these images randomly for each group.
Subsequently, the AHD was determined separately by both operators in these images.
Accordingly, the effect of subtle changes in patient position or transducer placement
was eliminated, so that the separate effect of the actual AHD measurement (placing-
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Figure 3 – Photographs show
positioning of subjects for
measurement of AHD in 60°
abduction position.

the-dots on the US image) on the total
reproducibility could be determined.
After a period of more than 6 months
had elapsed, both operators were given
the same 25 images previously used for
measuring the AHD and they repeated
the measurements blinded for the original
measurements.

Statistical Analysis
Statistical

analysis

included

the

interclass correlation coefficient (ICC)
for intra - and inter-observer agreement,
nonparametric

tests

for

6

comparing

means, and a Bland-Altman analysis.(15)
All the measurements of a shoulder were
taken at practically the same moment.
Therefore, any influence of patient or

A

disease characteristics on the AHD has
been ruled out. The measured difference
between 2 measurements by the same
observer in the same shoulder therefore
reflects the inaccuracy of US AHD
measurement, which depends on patient
positioning, visualizing the acromial
inlet, and placing the calibers. Statistical
analysis was carried out using SPSS

B

statistical software (Version 12, SPSS Inc,
Chicago, IL).

Note the use of the abduction chair (A) and
dynamic goniometer (B) for controlled abduction.
Measurements were performed at 60° abduction.
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Figure 4 – US measurement of AHD in 60° abduction position
A, acromion; AHD,
acromiohumeral distance; H,
humerus; SS, supraspinatus
tendon.

Results
In total, 300 AHD measurements were performed on 50 shoulders in 43 patients.

6

In neutral position, the average AHD was 9.3 +/- 1.7 mm (range, 6.1–12.7 mm) for the
experienced operator and 9.0 +/- 1.4 mm (range, 6.4–12.0 mm) for the novice operator (p
> 0.05 Wilcoxon signed-rank test). The difference between the average of 3 measurements
in neutral position by the experienced operator and the average of the 3 measurements by
the novice operator was 0.3 +/- 1.1 mm (range, 1.8–1.8 mm).
At 60° abduction, the mean AHD was 6.7 +/- 1.7 mm (range, 4.0–10.6 mm) for the
experienced operator and 6.7 +/- 1.4 mm (range, 5.1–11.0 mm) for the novice operator (p
> 0.05 Wilcoxon signedrank test). The difference between the average of 3 measurements
in 60° abduction by the experienced operator and by the novice operator was 0.05 +/- 1.3
mm (range, 22.8–2.5 mm).
The mean AHD in neutral position was 2.5 mm greater than the mean AHD at 60°
(9.2 +/- 1.4 mm versus 6.7 +/- 1.4 mm, respectively; p < 0.0001 Mann-Whitney U test).
Means between and within observers were not significantly different.
ICCs are shown in Table 1.
ICCs for the actual AHD measurement (placing-the-dots on the US image) are shown
in Table 2.
Figure 5 shows that consecutive measurements on the same patient by the same
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observer (novice operator in this case) have an accuracy of approximately 1.1 mm (95%
CI 0.7–1.5 mm) in neutral position. At 60° abduction, the accuracy was approximately
1.4 mm (95% CI 0.8–2.0 mm). The Bland-Altman plots for the experienced operator (not
shown) were very similar to those of the novice operator.

Table 1 - Intra- and Interobserver Reliability for US Measurement of AHD
in the Neutral and in the 60° Abduction Positions
Intra-observer
ICC

Interobserver

A

B

ICC

Overall ICC

Neutral position

0.94
(0.89–0.97)

0.92
(0.85–0.96)

0.70
(0.43–0.86)

0.78
(0.65–0.88)

60° Abduction
position

0.90
(0.82–0.95)

0.87
(0.77–0.94)

0.64
(0.33–0.82)

0.71
(0.52–0.88)

A, Experienced operator; B, novice operator; ICC, interclass correlation coefficient; (95% CI), 95% confidence interval. All ICCs were significant at a level of p < 0.0001.

6
Table 2 - Intra- and Interobserver Reliability for the Actual AHD Measurement
(placing-the-dots on the sonogram) in Neutral and 60° Abduction Positions,
Using Unmarked Sonograms
Intra-observer
ICC

Interobserver

A

B

ICC

Overall ICC

Neutral position

0.56
(0.22–0.77)

0.57
(0.24–0.78)

0.50
(0.26–0.68)

0.52
(0.32–0.71)

60° Abduction
position

0.82
(0.61–0.91)

0.85
(0.69–0.93)

0.77
(0.64–0.87)

0.82
(0.70–0.90)

A, Experienced operator; B, novice operator; ICC, interclass correlation coefficient; (95% CI), 95% confidence interval. All ICCs were significant at a level of p < 0.0001.
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Figure 5 – Bland-Altman plots show the difference between measurements
of AHD (in cm) in neutral position (A) and in 60° abduction position (B) plotted
against their mean for the novice operator.
Bland-Altman plots show
the difference between
measurements of AHD (in cm) in
neutral position (A) and in 60°
abduction position (B) plotted
against their mean for the novice
operator. The limits of agreement
in neutral and 60° abduction
positions are +/- 1.1 mm (95%
CI 0.7–1.5 mm) and +/- 1.4
mm (95% CI 0.8–2.0 mm),
respectively. Bland-Altman plots
for the experienced operator (not
shown) were similar to those of
the novice operator.

6

Discussion
We evaluated the inter- and intra-observer reliability and accuracy of US measurement
of AHD for 1 experienced and 1 novice operator in patients suffering from SIS. In general
the reliability of the experienced operator was slightly better than that of the novice
operator. The intraobserver reliability was better than the inter-observer reliability. AHD
measurement at neutral position was more reproducible than at 60° abduction. The
intra-observer reliability was excellent at neutral position and 60° abduction for both the
experienced and the novice operators. The inter-observer reliability was good for neutral
position and fair for 60° abduction.
The ICC’s between the experienced and the novice operators were similar (Table 1).
This indicates that the level of experience does not substantially impact the reliability of
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the measurements in terms of individual consistency for a given operator. In other words,
this technique can be easily learned even by clinicians with limited experience in US.
However, there were some inconsistencies between observers as indicated by the interobserver ICCs of 0.64 and 0.70. These inter-observer ICCs were lower compared with the
values of 0.86–0.92 found by Desmeules et al.(10) We believe this may be due to the fact
that Desmeules et al used healthy, young (average, 34 years of age) subjects, while in our
study, patients suffering from SIS were older (average, 52 years). For neutral position,
the difference between the 3 measurements of the experienced observer and those of the
novice operator were up to 1.8 mm and for the 60° abduction it was up to 2.8 mm. This
means that the AHD can vary up to 1.8 mm in neutral position and up to 2.8 mm in 60°
abduction when measured by a different observer. This should, however, not be confused
for the reliability of each individual observer’s measurements. Both the experienced and
the novice operators repetitive measurements of the same shoulder fell within 1.1 mm in
95% of the time for neutral position and 1.4 mm for 60° abduction.
Interestingly, when AHD measurements on blank US images were compared with
re-measurements on the same image by the same observer more than 6 months after the
initial measurement (Table 2), the ICCs for neutral position were rather poor. The ICCs
for 60° abduction, however, were good. Apparently, the dynamic properties of US are
needed for determining where the acromial and humeral borders are at neutral abduction.
In our experience, the acromial border was the most difficult of the 2 borders to identify
and we believe this may explain the lack of reliability. The reason the lower border of the
acromion is difficult to recognize is due to the inflammatory reaction of the soft tissues in
patients suffering from SIS.(16) In addition, attachment of the coracoacromial ligament to
the inferior edge of the acromion(17) and fibrous changes and calcifications in the deltoid
fibers make identification of the inferior acromial edge difficult. Also, acoustic shadowing
from the edge of the acromion limits the visualization of the inferior edge of the acromion.
The Bland-Altman plots visualize the difference between 2 consecutive measurements
on the same patient in the same session by the same observer. We wanted to know
whether the 2nd measurement was different from the 1st measurement. This is illustrated
by the limits of agreement shown in Figure 5. For the neutral position group, the 2nd
measurement lies within 1.1 mm (95% CI 0.7–1.5 mm) of the 1st. For the 60° abduction
group, that difference is 1.4 mm (95% CI 0.8–2.0 mm). In other words, when repeating
the measurement by the same observer in the same session, there could be an inaccuracy
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of 1.1 and 1.4 mm for the neutral position and 60° abduction groups, respectively. This
is acceptable when applying a threshold value of 7 mm to define the normal AHD. Using
MRI, Mayerhoefer et al have found a clinically significant difference in shoulder function
(18.5 points Constant Score) in patients suffering from SIS utilizing this threshold. (4) The
inaccuracy, however, is rather large compared with the magnitude of difference in AHD
measured by US reported in literature, which ranges from 0.3 to 2.1 mm.(8–11) Although
there is an excellent intra-observer ICC for both the experienced and the novice operators,
the inaccuracy is large compared with the reported AHD values in the literature, unless a
threshold, such as the 7 mm used by Mayerhoefer et al, is used.(4)
US measurement of the AHD has enabled dynamic evaluation of shoulder pathology
with easy and fast contralateral comparison. Cholewinski et al compared the US AHD
(acromion apex to greater tuberosity distance in their protocol) between both shoulders
in patients suffering from SIS and in healthy controls.(9) On average the difference in AHD
between symptomatic and asymptomatic shoulders was 2.1 mm larger in SIS patients
than the difference between left and right shoulders in healthy controls.(9)

6

Overhead athletes, such as basketball-, baseball-, football-, tennis players, and
swimmers, place enormous repetitive loads on several shoulder structures, which can
result in secondary SIS.(18) Girometti et al found AHD narrowing (<7 mm) in young
overhead athletes (professional basketball players) to be an early sign of SIS.(11) Azzoni et
al showed that AHD measured by US correlates well to AHD measured on radiographs.
(8)

They also found that the AHD measurements differed between healthy controls,

patients with tendonitis, and patients with rotator cuff tear.(8) Desmeules et al found a
nonsignificant 0.3 mm decrease in AHD in SIS patients.(10) In a reliability study on healthy
subjects by the same investigators, the inter-observer reliability of US measurements of
AHD at various abduction angles was good.(10) We were unable to confirm this reliability
in symptomatic patients.
US is ideal for dynamic AHD measurement, because it is not restricted to a fixed
plane. It is also fast, easy, and available in almost every hospital and comparison of the
contralateral shoulder can be readily performed. However, dynamic evaluation and
comparison of the contralateral shoulder require at least 2 measurements. The inaccuracy
of the difference between these 2 measurements can therefore be as high as twice the
inaccuracy of a single measurement.
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Furthermore it is noteworthy to realize that the AHD is also affected by amount
of abduction,(19,20) flexion,(21) adduction,(5) presence of cuff tear,(1,2) fatty infiltration,(1,2)
patient position (laying or upright),(22) height,(23) gender,(24) and muscle activity.(5,25) In
radiographic AHD measurement the upward migration index (UMI) was introduced to
overcome the influence of the patient’s height.(26,27) This index is calculated by dividing
the distance from the inferior border of the acromion to the center of the humeral head
by the radius of the humeral head.(26) The UMI cannot be used in US AHD measurement,
because the radius of the humeral head cannot be determined by US. The radius of the
humeral head is correlated to length of the humerus.(28,29) The length of the humerus is
correlated to height.(30,31) An US alternative to the radiographic UMI could be the ratio of
AHD over the patient’s height.
In conclusion, the data and analysis from this study show that US measurement
of AHD in patients with shoulder complaints is not as accurate and reliable as those
reported in healthy subjects,(9) with an inaccuracy of 1 mm regardless of the experience
of the observer, and with the AHD varying as much as 1.8 mm between 2 operators
when scanning a shoulder in neutral position. This has important implications for the
interpretation of studies using US to measure AHD as well as for the clinical use of this
parameter. We recommend that future studies on US measurement of AHD take the
advantages and limitations of this technique into consideration.
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Abstract
Background: Few studies have investigated the use of a 3-dimensional gyroscope
for measuring the range of motion (ROM) in the impaired shoulder. Reproducibility
of digital inclinometer and visual estimation is poor. This study aims to investigate
the reproducibility of a tri axial gyroscope in measurement of anteflexion, abduction
and related rotations in the impaired shoulder.
Methods: Fifty-eight patients with either subacromial impingement (27) or
osteoarthritis of the shoulder (31) participated. Active anteflexion, abduction and
related rotations were measured with a tri axial gyroscope according to a test retest
protocol. Severity of shoulder impairment and patient perceived pain were assessed
by the Disability of Arm Shoulder and Hand score (DASH) and the Visual Analogue
Scale (VAS). VAS scores were recorded before and after testing.
Results: In two out of three hospitals patients with osteoarthritis (n = 31) were
measured, in the third hospital patients with subacromial impingement (n = 27).
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There were significant differences among hospitals for the VAS and DASH scores
measured before and after testing. The mean differences between the test and retest
means for anteflexion were -6 degrees (affected side), 9 degrees (contralateral side)
and for abduction 15 degrees (affected side) and 10 degrees (contralateral side).
Bland & Altman plots showed that the confidence intervals for the mean
differences fall within -6 up to 15 degrees, individual test - retest differences could
exceed these limits.
A simulation according to ‘Generalizability Theory’ produces very good
coefficients for anteflexion and related rotation as a comprehensive measure of
reproducibility. Optimal reproducibility is achieved with 2 repetitions for anteflexion.
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Conclusions: Measurements were influenced by patient perceived pain.
Differences in VAS and DASH might be explained by different underlying pathology.
These differences in shoulder pathology however did not alter the reproducibility of
testing. The use of a tri axial gyroscope is a simple non invasive and reproducible
method for the recording of shoulder anteflexion and abduction. Movements have
to be repeated twice for reproducible results.
Keywords: Reproducibility, Shoulder, Tri axial gyroscope, Range of motion,
Shoulder function, Generalizability theory
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Background
Range of motion (ROM) active and passive is an essential measure in the diagnosis and
evaluation of shoulder impairments (1). The reproducibility of estimated ROM however,
is under discussion and depends on the method used for measurement

. Several

(2,3)

methods have been developed for the measurement of ROM. The techniques range from
visual estimation and goniometric measurements to electromagnetic tracking systems,
accelerometers and invasive techniques, with sensors mounted on the scapula (4-10). Most
of these measurement techniques have to be performed in a laboratory setting and consist
of the placement of multiple sensors on bony landmarks. Placement of sensors on bony
landmarks lack a direct bony contact because of overlying tissue and thus could affect the
reproducibility of results (11). The accurate evaluation of ROM of the shoulder is important
for clinical decision making and thus should be reproducible. Most exact measurement
techniques are time consuming and therefore cannot be performed in the outpatient
clinic. Reproducibility of digital inclinometer and visual estimation of range of motion is
poor (12,13). The technique of a tri axial gyroscope could be a quick and simple method for
the recording of three-dimensional shoulder movements. In this study we investigated

7

the reproducibility of a tri axial gyroscope to assess active anteflexion and abduction
movements in patients with shoulder complaints. Anteflexion and abduction consist of a
combined upward movement and related rotation in either frontal or sagital plane. Using
the tri axial gyroscope we were able to measure both flexion or abduction and related
rotations during movement. The focus of the study was directed on the assessment of the
clinical reproducibility in impaired shoulders, caused by different underlying pathology.
The main research questions consisted of the reproducibility of measurement through
use of an over- the-counter and the number of times measurements have to be repeated.

Methods
Setting and participants
From May 2007 until October 2007 a comprehensive reproducibility study was
performed among fifty eight patients suffering from shoulder complaints. Patients were
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recruited in three hospitals. The underlying shoulder pathology consisted either of
subacromial impingement syndrome (n = 27) or osteoarthritis (n = 31). In one hospital
patients with subacromial impingement were measured in the other two hospitals
patients with osteoarthritis. All patients were awaiting surgery for their complaints.
Nine patients suffered from bilateral complaints. The dominant side of these patients
was presumed to be the affected side. Patients underwent examination with a Minimod®
device (Mc Roberts, The Hague, Netherlands) (Figure 1) for both active anteflexion and
abduction and related rotations of their shoulder. The reproducibility of the test was
examined according to a test - retest protocol. The local Ethics Committee approved the
study protocol and the study was carried out according to the Declaration of Helsinki.
Informed consent was obtained of patients preceding the study.
Figure 1 – Fixation of Minimod device on upper arm with neoprene strap
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Measurement techniques
The Minimod 3-dimensional gyroscope is a small box (62 x 41 x 18 mm, 53 grams)
containing three gyroscopic sensors. A gyroscope is a device for measuring or maintaining
orientation, based on the principles of conservation of an angular momentum(14). Data
are collected and stored on a Secure Digital (SD) card. In this study both maximum active
anteflexion and abduction and related rotations of the shoulder were measured according
to a pre defined test protocol.
In order to prevent influence of thoracic spine movement during measurement, the
patient was placed with the opposite shoulder against a wall. The Minimod device was
fixed with a neoprene strap to the lateral middle part of the upper arm of the patient.
(Figure 1) Preceding the actual measurement the Minimod was calibrated for abduction
and anteflexion movement. For the calibration the device was fixed with the neoprene
strap. The arm of the patient was first slowly moved in an anteflexion direction by the
researcher up to 45 degrees, this movement was recorded with the minimod device. After
the anteflexion movement an abduction movement was performed in the same way. The
calibration was used for setting of the x y and z axis needed for further calculation. Each
test consisted of five consecutive movements. The start and end of each test was marked

7

by pressing a switch connected to the device. Calibration was performed before each test.
After this calibration patients were asked to perform a maximal possible active anteflexion
movement for five times. A new calibration was performed before measurement of the
abduction movement. Patients were now asked to perform a maximal active abduction for
five times, than the contralateral side was measured in the same way for both anteflexion
and abduction. During a break of approximately 30 minutes patients completed the
DASH score, than a retest was performed for anteflexion and abduction in the affected
and contralateral side. A total of 40 (20 per shoulder) movements were recorded for
each patient. In order to assess the effect of patient perceived pain on movements, VAS
scores were recorded immediately before and after measurement of the test and the retest.
Measurements were performed in 3 hospitals by one local (trained) outcome assessor.
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Analysis
Demographic data were collected on age, sex, dominance, length and weight.
(Table 1)
Table 1 – Patient characteristics
Hospital
1 (n = 9)

SD

Hospital
2
(n = 22)

SD

Hospital
3
(n = 27)

SD

p-value

Age

55,9

15,8

55,5

4,1

52,4

7,9

0,70

Lenght

1,7

0,1

1,7

0

1,7

0,1

0,24

Weight

80,1

10,6

74,8

3,5

75,6

14,6

0,66

BMI

26,4

3,3

24,7

0,8

26,5

4,2

0,27

DASH

36,3

23,5

27,1

5,2

48,4

20,6

0,01

Male

4

13

10

0,40

Female

5

9

17

0,40

Affected side left

3

7

8

0,82

Affected side right

6

15

19

0,40

Affected side both

1

6

2

0,38

Dominant side left

1

0

1

0,55

Dominant side right

8

22

26

0,55

Affected side
Mean VAS score before test

2,74

2,35

3,20

2,98

5,16

3,19

0,03

Mean VAS score after test

2,97

2,39

3,57

3,22

6,07

3,36

0,01

Mean VAS score before retest

3,47

2,89

3,18

3,00

5,33

3,37

0,05

Mean VAS score after retest

3,41

2,49

3,53

3,19

6,61

3,04

0,00

Mean difference VAS score test

0,22

0,51

0,37

0,62

0,91

1,44

0,13

Mean difference VAS score retest

-0,06

1,45

0,35

0,78

1,28

1,57

0,01

Mean VAS score before test

0,54

0,56

0,56

1,03

1,69

2,2

0,04

Mean VAS score after test

0,63

0,55

0,58

1,06

2,01

2,3

0,01

Mean VAS score before retest

0,60

0,57

0,66

1,32

1,71

2,1

0,06

Mean VAS score after retest

0,56

0,55

0,74

1,37

2,35

2,4

0,01

Mean difference VAS score test

0,03

0,13

0,01

0,12

0,32

0,89

0,20

Mean difference VAS score retest

-0,04

0,05

0,08

0,33

0,64

1,41

0,08

Contralateral side
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Primary outcome measurements in this study are the data collected with the Minimod.
The data collected with the Minimod consist of the accelerations in (meter/second
squared) measured by seismic acceleration sensors in three axis. . The raw signals stored
on the SD card were exported to ASCI files through use of the MiRA (MiniMod Read
and Acquire) software. ASCI files were send to McRoberts, among with a list of the order
in which abduction and anteflexion were performed, for further analysis using Matlab®
and calculating range of motion in degrees of anteflexion, abduction and related rotations
using matrix algebra and goniometric operations. For the sake of company confidentiality
we cannot further explain the method of analysis in Matlab.
Secondary outcome measurements are the VAS scores (Visual Analogue Scale) and
the DASH. (Disability of Arm Shoulder and Hand)

. The VAS scores were recorded

(15)

preceding and immediate following each time the Test or Retest was performed. VAS
scores were used to examine possible bias in test results caused by patient perceived pain
performing the test. Following the first assessment the DASH questionnaire was filled
out.
The Visual Analogue Scale is a line of 10 cm in length, which is taken to represent
the continuum of experienced pain. It has been proved to be a simple, sensitive and

7

reproducible instrument that enables the patients to express their pain in such a way that
it can be given a numerical value (16).

Statistical analysis
The results of individual movements were expressed in degrees of maximum achieved
anteflexion or abduction and related rotations. For the analysis of primary outcome results
of Test and Retest, the mean of five consecutive movements was calculated, together with
the Standard Deviation (SD) and 95 % confidence intervals.
Mean differences in degrees between mean results of Test and Retest were calculated.
Bland Altman plots were used to show the level of agreement for Testing and Retesting
for the different hospitals. (MedCalc® version 11.3.1.0)
A simulation according to the ‘Generalizability Theory’ was performed for the Test and
Retest by combining either anteflexion or abduction and related rotation in a 1-faceted
crossed design (P*F1). P represents the total number of persons and F1 represents the
10 level 1-faceted design. The results of this simulation are expressed as generalizability-
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coefficient (g-coefficient): range 0-1. A g-coefficient of 0,8 is generally accepted as a good
reliability ref Shavelson R., Webb N.M. Generalizability Theory: a primer. Measurement
methods for the social sciences series 1. Vol. XIII, 1991.
After performing a G-study (generalizability study) also a D-study (decision-study)
was performed. By performing a D-study the number of repetitions of measurement for
a reliable result can be calculated (17,18).
For the secondary outcome results, DASH and recorded VAS scores before and after
testing of the affected side were analyzed using an ANOVA (SPSS 17.0).

Results
The recruited 58 patients performed a total of 10 movements for each Test. Measuring
both affected and contralateral side in a Test and Retest, this resulted in a total of 1160
recordings of anteflexion and 1160 recordings of abduction. The matrix algebra and
goniometric operations performed by Mc Roberts resulted in 4640 calculated measures
of range of motion, depicted in degrees of anteflexion, abduction and related rotations.
In hospital 1 and 2 patients with osteoarthritis were measured, in hospital 3 patients
with subacromial impingement. The recorded patient characteristics were significantly
different concerning the DASH score. The score of hospital 3 was significantly higher
than the score of hospital 2 these differences can be explained because of different
shoulder pathology in the groups. The VAS scores measured preceding and following
each test showed significant differences between the participating hospitals for the VAS
scores measured before and after the test and after the retest of both affected and contra
lateral sides. The mean difference between pre and post test VAS score was significantly
different for the retest, VAS scores measured for the contra lateral side did not show
significant differences between mean differences of pre and post test VAS scores. (Table 1)
The mean differences between the test and retest means for anteflexion were -6 degrees
(affected side), 9 degrees (contralateral side) and for abduction 15 degrees (affected side)
and 10 degrees (contralateral side). (Table 2)
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Table 2 – Mean and mean differences between test and retest means
Anteflexion
affected

test

retest

Anteflexion rotation
test

Abduction

Abduction rotation

retest

test

retest

test

retest
-46,42

mean

149,35

140,37

57,61

51,19

128,75

118,05

-46,43

SD

25,61

27,41

37,52

33,33

31,03

35,23

55,10

53,43

mean difference
between test and
retest (SD)

-6,21

(45,16)

-4,89

(41,39)

15,10

(33,60)

-1,38

(39,82)

mean

135,94

128,73

48,65

51,96

118,13

103,45

-34,82

-34,47

SD

40,68

32,10

42,22

25,80

37,43

40,83

52,64

51,49

9,41

(29,55)

8,01

(35,66)

10,27

(36,41)

1,02

(35,37)

contralatera

mean difference
between test and
retest (SD)

The Bland - Altman plots show individual differences between test and retest
measurement regarding anteflexion and abduction for each centre. The confidence
intervals for the overall mean differences fall within -6 up to 15 degrees, but individual
test-retest differences (prediction interval) could exceed these limits. (Figures 2, 3 and 4)
The simulation according to the “Generalizability Theory’ resulted in g-coefficients

7

for the test in anteflexion of 0,99 (affected side), 0,96 (contralateral side), abduction
0,99 (affected side), 0,99 (contralateral side) and for the retest anteflexion: 0,99 (affected
side) 0,98 (contralateral side) and abduction 0,99 (affected side), 0,99 (contralateral side)
respectively.
The performed D-study resulted in g-coefficients of 0,97 after 2 repetitions
(anteflexion affected side), 0,91 after 2 repetitions (anteflexion contralateral side),
0,99 after 2 repetitions (abduction affected side), 0,97 after 2 repetitions (abduction
contralateral side), 0,98 after 2 repetitions (anteflexion retest affected side), 0,96 after 2
repetitions (anteflexion retest contralateral side) and 0,98 after 2 times for both affected
and contralateral side in the retest of abduction. (Figure 5a) Analysis of the combination
of anteflexion and related rotations in a simulation of the generalizability theory resulted
in less good reproducibility coefficients. In particular the reproducibility of abduction
was largely influenced by the related rotations. (Figure 5b)
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Figure 2 – Bland Altman plot anteflexion
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Figure 3 – Bland Altman plot abduction
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Figure 4 – D study results
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Figure 5 – D study results with related rotations
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Discussion
The three-dimensional gyroscope under study showed good to excellent reproducibility
for measuring anteflexion and abduction. An average of 2 repetitions was needed for
a sound reproducibility of anteflexion and abduction measurement, In case the related
rotations were imputed in the generalizability analysis, 2 up to 4 repetitions were needed
for anteflexion movement, where 7-10 repetitions were needed for abduction. These
differences might be explained by the fact that there is more variability in rotation during
abduction compared to anteflexion. Mean differences for anteflexion and abduction
between test and retest were -6 degrees (affected side), 9 degrees (contralateral side) and
15 degrees (affected side), 10 degrees (contralateral side) respectively. Bland Altman plots
showed a level of agreement with a confidence interval for overall mean differences of -6
up to 15 degrees.
Accordingly to El-Zayat et al., the device related measurement error (based on 95 %prediction intervals) could vary between -0.77 and 2.25 degrees depending on velocity of
motion and the distance of the device to the centre of rotation. Because of the repeated
measurements for each trial, we considered the possible effect of sensor error on the
results as negligible (14).
A clinical anteflexion movement consists of a movement in the frontal plane with
accompanying rotations of the humerus. The abduction movement consists of a movement
in the sagital plane with accompanying movement of the humerus. With the acquired
data we were able to calculate rotational movement during anteflexion and abduction. We
therefore were able to assess the combined effect of movement in the frontal and sagital
plane with accompanying rotations in a generalizability theory model.
In our study we focused on the reproducibility of testing. The results of testing were
displayed in degrees; the validity of these results however needs further study.
During the study data had to be sent to Mc Roberts (Meanwhile the procedure has
been improved and results can be processed in the outpatient clinic).
The reproducibility coefficients found in our study ranging from 0,96 to 0,99 are
excellent compared to other measurement techniques, taking into account that the tests
were performed in patients with different underlying shoulder pathology (3,6,8,12,13,19).
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In this study we could prove that the tri-axial gyroscope is a reproducible instrument
in the measurement of shoulder anteflexion and abduction in patients with different
underlying pathologies.

Conclusions
ROM is an essential measure in the diagnosis of shoulder impairments
methods have been developed for the measurement of ROM
poor reproducibility

(12,13)

(1)

. Several

. These methods have

(2,3)

. The technique of a tri axial gyroscope could be a quick and

simple method for the recording of three-dimensional shoulder movements. Our findings
support the excellent reproducibility of a tri axial gyroscope for measurement of shoulder
anteflexion and abduction.
In our study patient perceived pain showed to be of influence on the measurements
carried out. The differences in VAS and DASH score might be explained by difference of
underlying pathology, osteoarthritis and subacromial impingment, between groups. The
differences in shoulder pathology however did not alter the reproducibility of testing.
Simulation according to the “Generalizabilty Theory” showed in a D-study that

7

measurements only have to be repeated twice for reproducible results.
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General discussion
In this thesis we have addressed a number of research questions as posed in the general
introduction concerning therapy and diagnosis in subacromial shoulder complaints.
In this chapter we will focus on the research questions, the obtained answers and new
questions that have appeared.

Therapy
1. What is the effectiveness of subacromial injections in subacromial impingement with
respect to patient perceived pain, disability and function and is there a difference between
corticosteroids and hyaluronic acid?
In the results of the RCT (chapter 2, results section) we found that injections are
effective in reduction of pain and improvement of function in subacromial impingement.
After 26 weeks we could not show a significant difference between groups of hyaluronic
acid, corticosteroids and placebo, but we found that corticosteroids and placebo were
more effective on patient perceived pain than hyaluronic acid. At short term, until 12
weeks, corticosteroids had a significantly better effect on patient perceived pain than
placebo injections. In literature short term effects are described at four and six weeks
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after start of injection therapy.(1-10)
Concerning improvement in function and disability, we found equal results. Al
secondary outcome measures used for assessment of function and disability went in the
same direction as did the pain related outcome measures.
Only at 26 weeks there was some reduction in pain and improvement in function in
the hyaluronic acid group although this can be explained by the natural course of the
disease. In the literature some studies have shown an improvement in pain and function
after injection of subacromial hyaluronic acid.(11-13) Funk et al. used the same type of
hyaluronic acid (Ostenil®), however, this study was published as a poster presentation at
the 10th World congress on Osteoarthritis ,we therefore were not able the further explore
the differences in outcome.
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As depicted in Figure 1, reduction in pain in the placebo group may be seen as the
natural course of disease. Although we were only able to discover a reduction in pain in
the first weeks after injection of corticosteroids and not any more after 26 weeks, this
is yet an important beneficial effect of the corticosteroid injections. Faster recovery in
pain will restore the shoulder function quicker, and prevent the development of capsular
limitations.
2. Do injections with a combination of hyaluronic acid and lidocaine give a better
reduction in pain, disability and function than injections in which a placebo is combined
with lidocaine?
In our trial we could not prove a significant improvement in pain and function after
hyaluronic acid injections compared to placebo injections. (chapter 2, results section) At
twelve weeks, the opposite was shown. The placebo group had a significant lower VAS
score than the hyaluronic acid group. The hyaluronic acid group reported more disability
than the placebo group. One reason for investigating the effectiveness of hyaluronic acid in
the trial was the assumption that injections with hyaluronic acid could lead to a reduction
in inflammation. We were however not able to prove this assumption. Published studies
have stated varying effects of hyaluronic acid for different indications e.g. osteoarthritis
of large joints, knee, hip, shoulder.(14, 15) A recent review states a conflict of interest in
assessment of hyaluronic acid injections for osteoarthritis of the knee. Industry funded
research was less likely to report negative results.(16) In our study there was no funding of
any kind.
In renal and pulmonary disease it has been shown that large molecular strands of
hyaluronic acid are broken down in inflamed tissue. The presence of an inflamed bursa
might therefore reverse the effectiveness of hyaluronic acid by breakdown of these
large molecular strands into smaller ones. Strands of low molecular hyaluronic acid are
believed to induce inflammation.(17)
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3. Do injections with a combination of a corticosteroid and lidocaine give a better
reduction in pain, disability and function than injections in which a placebo is combined
with lidocaine?
In the RCT (chapter 2) we could prove a better and faster reduction in pain, function
and disability in the corticosteroid group compared to the placebo group until twelve
weeks after start of the injection therapy.
Lidocaine was added in all combined injections in all groups. For blinding purposes
we choose to compare the additions (hyaluronic acid, corticosteroid and saline),
Therefore, each injection consisted of 8 ml of lidocaine 1% and an additional 2 ml of study
regimen. For comparability reasons we did not choose to compare with a placebo group
consisting of 10 ml lidocaine 1%. As far as we know, saline does not have a therapeutic
effect. We therefore choose saline as the placebo addition. By means of this addition we
could compare the added saline hyaluronic acid and corticosteroid. The total amount of
10 ml as well as the type of used needle for injection 19 Gauche (1.5 inch) was chosen to
prevent sensation of difference in viscosity. Before start of the trial this was blindly tested
on an orange. There was no difference in the experienced resistance during injection.
4. Is there an accumulative effect of repeated injections with corticosteroids?
In the RCT all patients were asked to complete a pain diary after each of the
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administered injections for a time period of three weeks. With the obtained data we were
able to analyze the day by day results in the first 9 weeks of the trial.(Chapter 3, results
section) Based on clinical experience and supported by literature on the effectiveness of
injections in lateral epicondylitis of the elbow (18, 19) we suspected that the course of pain
after a subacromial corticosteroid injection would give a rise in pain during the first days
with an increased need for escape medication, followed by pain reduction.(20) Analysis of
our data however did not show such an increase in pain. On the contrary, we could show
an immediate reduction in pain. This reduction lasted for approximately 8 – 10 days.
After these 10 days we found a slight increase in pain. In order to prove a cumulative
effect of repeated corticosteroid injections we explored data of documented VAS scores
after the second and third corticosteroid injection - see Figure 2. In the analysis of data
we could show an accumulative effect of corticosteroid injections. After each of the three
injections there was a further reduction in pain.
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5. What is the optimum number of repetitions of subacromial injections?
With the results of the pain diaries we were able to show a reduction in pain after each
of the three corticosteroid injections.(Chapter 3, results section) The reduction in pain was
large after the first and second injection. After the third injection there was only a slight
reduction in pain compared to the first and second corticosteroid injection - see Figure 2.
As far as we know there are no guidelines that state the minimum or maximum amount
of subacromial injections for subacromial complaints based on studies after the effectivity
of corticosteroids. Most guidelines advice to limit the number of injections based on fear
for deterioration of cuff tissue. An animal study has shown the reversibility of effects of
corticosteroids after three weeks.(21) There is little data available on the incidence of cuff
ruptures caused by subacromial corticosteroid injection.(22)
Our study showed that there is only a sparse effect after the third corticosteroid
injection. Therefore, we would like to propose to limit the number of corticosteroid
injections for an episode of subacromial bursitis to the maximum of two injections.

Diagnosis
6. Can the diagnostic and clinical value of the empty can and drop arm test for cuff
disorders be improved by combining these tests with a subacromial injection containing
corticosteroid and lidocaine?

8

The empty can and drop arm test were developed to detect cuff ruptures. In case
of a subacromial impingement or bursitis the results of these tests presumably will be
influenced by the perceived pain of the patient. Influence of pain therefore could lead
to a higher number of false positive test results. In order to improve the test result of
the drop arm and empty can test, we studied the effect of a subacromial injection with
corticosteroid and lidocaine and investigated the combined test result of the empty can
and drop arm test. Corticosteroids were added to the injection for treatment purposes,
although there is some evidence that pain will increase after corticosteroid injection in
the first hours and days after administration(13, 20), we could not prove this in the RCT
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(Chapter 3, results section) and therefore assumed this effect to be limited. The effect of the
lidocaine, a supposed immediate relief of pain, was used for pain reduction and therefore
used to improve the true positive interpretation of both single and combined application
of the empty can and drop arm test.
We found a positive Neer test in 69% of our study population (n=49). The results of
the study showed an improvement in the specificity of both the empty can and drop arm
test to respectively 67% and 95%, combining the tests resulted in an improved specificity
of 98 % and loss of sensitivity of 44 % after injection.(Chapter 4, results section) Compared
to literature our results showed lower sensitivity and specificity of the empty can test.(23, 24)
For the drop arm test we found similar results.(25) This is possibly explained because of a
rather small study group and low number of cuff ruptures (n=6) in the study population.
7. What is the diagnostic value of a gradation of the painful arc in
subacromial impingement?
The painful arc in subacromial impingement is largely influenced by the amount of
perceived pain and disturbance of glenohumeral and scapulothoracic motion. Based on
clinical observations of a painful arc we found different degrees of pain and limitation of
motion. We therefore proposed a classification of the painful arc. In the classification the
painful arc was graded according to the amount of pain and observed motion. As far as
we know no other attempts have been made to classify the painful arc in this way.
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As part of the RCT described in chapter 2 patients were assessed for a painful arc. The
painful arc was graded according to the proposed classification. In chapter 5 we describe
the results of this classification.
At baseline all patients had a painful arc, during the course of the study there was a
shift in the observed gradation. We found a positive correlation between the observed
gradation of the painful arc and other observed outcome measures for pain (VAS score)
and function. All observations of the painful arc and the grading of this observations
were performed once and were carried out by the same physician. The study therefore
has its limitations in respect to inter and intra observer variability ratings. The observed
correlation with the other primary and secondary outcome measures however seems to
be of use for clinical decision making.

144

General discussion

8. To what extent differ the observations of the acromio-humeral distance on ultrasound
between experienced and non-experienced observers?
Narrowing of the acromio humeral distance (AHD) is an indicator for the subacromial
impingement syndrome. In this study the AHD was investigated under different angles
of measurement in abduction.(Chapter 6) We could prove that performance of the test in
neutral and 60 degrees of abduction gave an inaccuracy of 1.1 and 1.4 mm respectively.
This is acceptable when applying a threshold of 7 mm. Ultrasound measurement
has an advantage compared to X-ray examination because of fast and easy bilateral
comparability. The difference however between the experienced and novice observer
make this measurement of limited use in symptomatic patients compared to observations
among healthy subjects.
9. What is the reproducibility of measuring anteflexion and abduction with a 3
dimensional gyroscope?
In this study we focused on the reproducibility of testing in symptomatic patients.
We did not validate measurements of abduction and anteflexion. The 3 dimensional
gyroscope showed reproducibility coefficients ranging from 0.96 to 0.99, these results are
excellent compared to other measurement techniques.(26) (Chapter 7) We could prove that
the 3 dimensional gyroscope is a reproducible instrument for measurement of shoulder
anteflexion and abduction. A limitation in the use of this instrument was that data had to
be sent to the manufacturer of the gyroscope, where data had to be processed (meanwhile
this procedure has been improved). In the research setting this instrument could be of
use. The group of El Zayat has validated the instrument for shoulder anteflexion and
abduction in a laboratory setting.(27)
10. What could be a new strategy for the diagnosis and treatment of subacromial
complaints based on the studies performed for this thesis?
In this thesis we investigated several aspects of subacromial impingement, focusing
on diagnosis and injection therapy. There is a need for a simple and practically feasible
strategy in the diagnosis and treatment of subacromial complaints for both first and
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second line healthcare, which is not expensive and easy to applicate. We therefore
propose an algorithm based on the results in this thesis for the diagnosis and treatment of
subacromial shoulder disorders. See figure 3.
We propose a flow diagram in which after standard noninvasive treatment, patients
are examined by a physician. We propose to apply this algorithm to both first and second
line healthcare.
In case of failure or limited effect of the applied physiotherapy and NSAIDs, the
examination by the physician has the purpose to rule out an existing cuff rupture and
Frozen shoulder. A pragmatic approach for this is to combine the subacromial injection
with the empty can and drop arm test. The specificity of testing is improved and the
treatment itself has started as well. After the evaluation of the effect of the injection, the
decision should be made whether to repeat the injection or to expand the examination
e.g. with an ultrasound examination. In case of a good result after subacromial injection
we propose to repeat the injection, in case of bad result, no result or worsening we
propose to have an ultrasound made. In case of effectiveness of the subacromial injection
the treatment is ended, in case of persisting complaints surgical treatment could be
considered.

8
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Figures:
Figure 1 – Mean VAS scores after injection at 0, 3 and 6 weeks
(Derived from Chapter 2)

Figure 2 – Mean VAS scores in pain diary for Kenacort
(Derived from chapter 3)
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Figure 3 – treatment algorithm for subacromial disorders

History of cuff disorder

Standard non-invasive
treatment Physiotherapy
NSAID’S

Examination by physician

Frozen shoulder

Cuff rupture
Combined test:
Empty can Droparm test
Addition of
Subacromial injection

Suspected cuff
rupture

Ultrasound
examination

No Cuff rupture

Effectiveness of
subacromial injection

Not effective

Effective

8

Repeat injection

Effective end of
treatment

148

Not effective consider
surgical treatment

General discussion

References
1.

Buchbinder, R., S. Green, and J.M. Youd, Corticosteroid injections for shoulder pain.
Cochrane Database Syst Rev, 2003(1): p. CD004016.

2.

Dogu, B., et al., Blind or ultrasound-guided corticosteroid injections and short-term
response in subacromial impingement syndrome: a randomized, double-blind, prospective
study. Am J Phys Med Rehabil, 2012. 91(8): p. 658-65.

3.

Kim, Y.S., et al., Does hyaluronate injection work in shoulder disease in early stage? A
multicenter, randomized, single blind and open comparative clinical study. J Shoulder
Elbow Surg, 2012. 21(6): p. 722-7.

4.

Johansson, K., et al., Subacromial corticosteroid injection or acupuncture with home
exercises when treating patients with subacromial impingement in primary care--a
randomized clinical trial. Fam Pract, 2011. 28(4): p. 355-65.

5.

Ekeberg, O.M., et al., Subacromial ultrasound guided or systemic steroid injection for
rotator cuff disease: randomised double blind study. BMJ, 2009. 338: p. a3112.

6.

Crawshaw, D.P., et al., Exercise therapy after corticosteroid injection for moderate to
severe shoulder pain: large pragmatic randomised trial. Bmj. 340: p. c3037.

7.

Alvarez, C.M., et al., A prospective, double-blind, randomized clinical trial comparing
subacromial injection of betamethasone and xylocaine to xylocaine alone in chronic
rotator cuff tendinosis. Am J Sports Med, 2005. 33(2): p. 255-62.

8.

Akgün, K., M. Birtane, and Ü. Akarırmak, Is local subacromial corticosteroid injection
beneficial in subacromial impingement syndrome? Clinical Rheumatology, 2004. 23(6):
p. 496-500.

9.

Naredo, E., et al., A randomized comparative study of short term response to blind
injection versus sonographic-guided injection of local corticosteroids in patients with
painful shoulder. J Rheumatol, 2004. 31(2): p. 308-14.

10. Hay, E.M., et al., A pragmatic randomised controlled trial of local corticosteroid injection
and physiotherapy for the treatment of new episodes of unilateral shoulder pain in primary
care. Ann Rheum Dis, 2003. 62(5): p. 394-9.
11. Itokazu, M. and T. Matsunaga, Clinical evaluation of high-molecular-weight sodium
hyaluronate for the treatment of patients with periarthritis of the shoulder. Clin Ther,
1995. 17(5): p. 946-55.

149

8

The effectiveness of injections in cuffdisorders and improvement of diagnostics

12. Shibata, Y., et al., Clinical evaluation of sodium hyaluronate for the treatment of patients
with rotator cuff tear. J Shoulder Elbow Surg, 2001. 10(3): p. 209-16.
13. Funk, P153 Hyaluronan vs. steroid injection for subacromial impingement of the shoulder.
Osteoarthritis and Cartilage, 2005. 13: p. S80.
14. van den Bekerom, M.P., et al., What is the evidence for viscosupplementation in the
treatment of patients with hip osteoarthritis? Systematic review of the literature.
Arch Orthop Trauma Surg, 2008. 128(8): p. 815-23.
15. van der Weegen, W., et al., No Difference Between Intra-Articular Injection of Hyaluronic
Acid and Placebo for Mild to Moderate Knee Osteoarthritis: A Randomized, Controlled,
Double-Blind Trial. J Arthroplasty, 2014.
16. Printz, J.O., et al., Conflict of interest in the assessment of hyaluronic acid injections for
osteoarthritis of the knee: an updated systematic review. J Arthroplasty, 2013. 28(8 Suppl):
p. 30-33 e1.
17. Noble, P.W., Hyaluronan and its catabolic products in tissue injury and repair.
Matrix Biology, 2002. 21(1): p. 25-29.
18. Verhaar, J.A., et al., Local corticosteroid injection versus Cyriax-type physiotherapy for
tennis elbow. J Bone Joint Surg Br, 1996. 78(1): p. 128-32.
19. Sims, S.E., et al., Non-surgical treatment of lateral epicondylitis: a systematic review of
randomized controlled trials. Hand (N Y), 2014. 9(4): p. 419-46.
20. Lewis, M., et al., Local steroid injections for tennis elbow: does the pain get worse before it
gets better?: Results from a randomized controlled trial. Clin J Pain, 2005. 21(4): p. 330-4.

8

21. Mikolyzk, D.K., et al., Effect of Corticosteroids on the Biomechanical Strength of Rat
Rotator Cuff Tendon. The Journal of Bone & Joint Surgery, 2009. 91(5): p. 1172-1180.
22. Bhatia, M., et al., Correlation between rotator cuff tears and repeated subacromial steroid
injections: a case-controlled study. Ann R Coll Surg Engl, 2009. 91(5): p. 414-6.
23. Alqunaee, M., R. Galvin, and T. Fahey, Diagnostic accuracy of clinical tests for subacromial
impingement syndrome: a systematic review and meta-analysis. Arch Phys Med Rehabil,
2012. 93(2): p. 229-36.
24. Itoi, E., et al., Which is more useful, the “full can test” or the “empty can test,” in detecting
the torn supraspinatus tendon? Am J Sports Med, 1999. 27(1): p. 65-8.
25. Birtane, M., M. Calis, and K. Akgun, The diagnostic value of magnetic resonance imaging
in subacromial impingement syndrome. Yonsei Med J, 2001. 42(4): p. 418-24.

150

General discussion

26. Penning, L.I., et al., Reproducibility of a 3-dimensional gyroscope in measuring shoulder
anteflexion and abduction. BMC Musculoskelet Disord, 2012. 13: p. 135.
27. El-Zayat, B.F., et al., Objective assessment of shoulder mobility with a new 3D gyroscope-a validation study. BMC Musculoskelet Disord, 2011. 12: p. 168.

8

151

Chapter 9
Summary
Nederlandse samenvatting

The effectiveness of injections in cuffdisorders and improvement of diagnostics

Summary
Chapter 1
Shoulder disorders are frequently encountered in first and second line healthcare. In
this chapter we give an outline of different causes and sources of shoulder disorders. An
overview is given on common used conservative treatment strategies in first line health
care. We address the limitations of currently available physical diagnostic tests for cuff
disorders.
In case of failure of conservative treatment there is a tendency to administer
subacromial corticosteroid injections. We describe the use, effect and possible side effects
of corticosteroid injections. Next to corticosteroid injections use of hyaluronic acid
injections for shoulder disorders is described.
We give an overview of this thesis in respect to the performed RCT, the studies we
have performed to improve clinical testing in shoulder disorders and the aim to develop
a simple diagnostic and treatment strategy in shoulder disorders for both first and second
line healthcare.
The chapter is closed with an outline of the aims and questions addressed in this
thesis.

Chapter 2
In this chapter we describe the results of an RCT investigating the effectiveness of
subacromial injections with hyaluronic acid an corticosteroids compared to saline
(placebo) injections. We give a short overview of the Guideline used by the Dutch General
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Practioners (NHG). For the trial 159 patients were included and randomized over three
treatment groups. In these groups patients were treated with 8 ml lidocaine and either
2 ml of corticosteroid, hyaluronic acid or saline. We postulated a reduction in pain of
70% after 26 weeks for the groups treated with hyaluronic acid and corticosteroid and a
reduction in pain of 50% in the saline group.
Both patients and investigating physician were blinded for the treatment group, the
analysis of data was performed blinded as well. Patients received up to three injections.
The primary outcome measure consisted of pain measured on a VAS score, secondary
outcome consisted of pain full arc, range of motion, Constant shoulder score, patient
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specific disability, Shoulder disability questionnaire, shoulder pain score and the
functional mobility test.
Corticosteroid injections gave a better reduction in pain than did hyaluronic acid
and saline injections during the first 12 weeks of the trial. At 26 weeks there were no
significant differences between groups. The mean reduction in pain at 26 weeks was 20%
for the corticosteroid group, 15% for the hyaluronic acid group and 21% for the Saline
group. We therefore were not able to prove the postulated reduction in pain of 70% and
50% respectively.
The results of the trial did not support the clinical use of hyaluronic acid for
subacromial impingement. The corticosteroid injections proved to be effective at short
term.

Chapter 3
In the study described in this chapter we investigated the effect of subacromial
injections during the first days after injection. All patients of the in chapter 2 described
RCT were asked to fill out a pain diary. Primary outcome consisted of pain on a VAS score
during the 21 days after injection. Secondary outcome consisted of the number of taken
escape medication and adverse effects.
The corticosteroid group showed the largest reduction in pain during the first week
after injection compared to hyaluronic acid and saline. The effect of the corticosteroid
injections was best after the first injection. Administration of a second corticosteroid
injection gave a further reduction in pain, although the effect was not as large as the
effect of the first injection. The third corticosteroid injection only gave a slight further
reduction in pain. Only the corticosteroid group showed the above described booster
effect after repeated subacromial injection. Based on the results of this study, where the
best reduction in pain was achieved after two corticosteroid injections we questioned
whether more than two subacromial corticosteroid injections should be administered in
case of subacromial impingement.

Chapter 4
Shoulder disorders are common in the general population. Cuff disorders are a
frequent cause of shoulder disorders. The clinical accuracy of shoulder tests for cuff
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disorders is still limited. In this chapter we describe the results of a study performed
to improve clinical accuracy of individual tests, the drop arm and empty can test, by
combining them and adding a subacromial injection. For this study 49 patients were
prospectively assessed. All patients were diagnosed with subacromial impingement. The
empty can and drop arm test were performed before and after subacromial injection.
Ultrasound was used as reference test in this study.
Data were analyzed for both individual tests and combined test results. The combined
test results were obtained after applying a rule for parallel testing. Accordingly at least one
of the combined individual tests had to be positive for a positive result of the combined
test.
The ultrasound found six cuff ruptures. Specificity improved and sensitivity decreased
after subacromial injection. Combining of test results led to an improvement in sensitivity
and specificity without subacromial injection.

Chapter 5
A rather typical feature of subacromial complaints is the painful and disturbed
glenohumeral and scapulothoracic movement in the frontal plane described as a painful
arc. In this chapter we propose a classification and grading system for the painful arc
based on the amount of patient perceived pain and disturbance of glenohumeral and
scapulothoracic motion. As a part of the RCT described in chapter 2 all patients were
scored for a painful arc and all painful arc observations were graded according to the
proposed classification. Data were compared in a linear regression analysis to VAS scores
and secondary outcome measures of the RCT. We found a positive correlation between
the gradation of the painful arc and the observed outcome measures.

9

Chapter 6
The acromiohumeral distance (AHD) is a three dimensional distance and is
influenced by rotator cuff tears, fatty degeneration and atrophy of the cuff. Radio
graphical assessment of the AHD is limited to two dimensions and affected by patient
positioning and beam direction. In this chapter we describe a reliability study performed
to assess the ultrasound measurement of AHD in symptomatic patients. A total of 43
patients suffering from subacromial impingement were recruited for this study. The
ultrasound measurements were performed in neutral and 60 degrees abduction position.
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Two observers with different experience in ultrasound performed the assessment. The
inter and intra observer reliability of ultrasound AHD measurement in subacromial
impingement was slightly better in the experienced observer. The intra observer reliability
was excellent in neutral position, the inter observer reliability was good. The results of
this study showed that ultrasound AHD measurements were less accurate in patients
with subacromial impingement as in those reported in healthy subjects.

Chapter 7
Reproducible measurement of active and passive range of motion (ROM) is
essential in diagnosis and evaluation of shoulder disorders. Several techniques have
been developed for measurement of range of motion varying from visual estimation
to placement of multiple sensors on bony landmarks. In this chapter we present the
results of the reproducibility of range of motion measurements with a three dimensional
gyroscope. 58 patients participated in this multicenter study, they suffered either from
subacromial impingement or had been diagnosed with osteoarthritis of their shoulder.
Active anteflexion and abduction were measured with a three dimensional gyroscope
according to a test and retest protocol. Measurements were taken of the affected and
contralateral side.
The three dimensional gyroscope showed good to excellent reproducibility for
measurement of anteflexion and abduction. An average of two repetitions was needed for
sound reproducibility.

Chapter 8
In this chapter we address the questions as posed in the general introduction. They
handle issues concerning therapy and diagnosis in shoulder complaints.
Corticosteroid injections have a significantly better effect on patient perceived
pain and function than hyaluronic acid and placebo injections during the first three
months. We could not prove a significant effect of hyaluronic acid injections on patient
perceived pain or function compared to placebo injections. We were not able to prove the
assumption that hyaluronic acid injections would lead to a reduction of inflammation.
We were able to show an accumulative effect of repeated corticosteroid injections.
After two repeated injections of corticosteroids the optimum effect is reached, further
repetition of corticosteroid injection only showed a sparse effect.
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For the diagnosis of cuff disorders detection of cuff ruptures is essential. The empty
can and drop arm tests have shown improved sensitivity and specificity when their
individual test results are combined. Addition of a subacromial anesthetic leads to an
improvement of the specificity of individual tests.
The proposed classification for the painful arc showed a positive correlation with
other observed outcome measures concerning pain and function.
Measuring the acromiohumeral distance on ultrasound is of limited use in
symptomatic patients compared to healthy subjects.
Measurement of anteflexion and abduction with a three-dimensional gyroscope in
symptomatic patients leads to excellent reproducibility coefficients compared to other
measurement techniques.
Based on the results found in the conducted studies for this thesis we have proposed
an algorithm for diagnosis and treatment of cuff disorders.

9
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Nederlandse Samenvatting
Hoofdstuk 1
Schouderklachten worden veelvuldig gezien in de eerste en tweede lijns
gezondheidszorg. In dit hoofdstuk geven we een overzicht van de verschillende oorzaken
van schouderklachten. We beschrijven gebruikelijke conservatieve behandelstrategieën in
de eerstelijns gezondheidszorg en we benoemen de beperkingen van huidige beschikbare
klinische testen voor cuff problemen.
Indien conservatieve therapie faalt wordt veelal gebruik gemaakt van subacromiale
corticosteroïd injecties. We beschrijven de toepassing, de effectiviteit en eventuele
bijwerkingen van corticosteroïd injecties. We beschrijven dat naast corticosteroïd
injecties ook behandeling met hyaluronzuur voor schouderklachten toegepast wordt.
We geven een overzicht van het proefschrift met betrekking tot de uitgevoerde
RCT en de naar optimalisatie van klinische diagnostiek uitgevoerde studies. Daarnaast
beschrijven we het doel van het proefschrift om een eenvoudige behandelstrategie te
ontwikkelen voor schouderklachten in de eerste en tweedelijns gezondheidszorg.
Het hoofdstuk eindigt met een opsomming van de doelen en vragen zoals beantwoord
in dit proefschrift.

Hoofdstuk 2
In dit hoofdstuk beschrijven we de resultaten van een gerandomiseerde trial. In deze
trial wordt de effectiviteit van injecties met hyaluronzuur of corticosteroïden vergeleken
met NaCl (placebo). We geven een kort overzicht met betrekking tot de richtlijn van
Het Nederlands Huisarts Genootschap (NHG). Voor deze trial werden 159 patiënten
geïncludeerd en gerandomiseerd over 3 behandelgroepen. In deze behandelgroepen
werden patiënten behandeld met 8 ml lidocaïne en 2 ml corticosteroïd, hyaluronzuur
of NaCl. In onze hypothese veronderstelden we een reductie in pijn van 70% voor de
groepen hyaluronzuur en corticosteroïden en een reductie in pijn van 50% bij de NaCl
groep.
Zowel de patiënten als de arts / onderzoeker waren geblindeerd voor de behandelgroep.
Ook de analyse van de data werd geblindeerd uitgevoerd. De patiënten werden met
maximaal drie injecties behandeld.
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De primaire uitkomstmaat bestond uit pijn, gemeten op een VAS schaal. De secundaire
uitkomstmaten bestonden uit: painful arc, bewegingsuitslagen, Constant schouder score,
patiënt specifieke beperking, shoulder disability questionnaire, schouder pijn score en de
functional mobility test.
Corticosteroïd injecties gaven een betere reductie van pijn gedurende de eerste 12
weken van de trial dan hyaluronzuur en NaCl. Na 26 weken bestond er geen significant
verschil meer tussen de groepen. De gemiddelde reductie van pijn na 26 weken was 20%
voor de corticosteroïdgroep, 15% voor de hyaluronzuurgroep en 21% voor de NaCl
groep. We konden op basis hiervan de eerder gestelde hypothese van een pijnreductie
van respectievelijk 70% en 50% niet bewijzen.
Op basis van de resultaten van de trial is er onvoldoende ondersteuning voor de
klinische toepassing van hyaluronzuur bij subacromiaal impingement. Corticosteroïd
injecties zijn bewezen effectief op korte termijn.

Hoofdstuk 3
In het onderzoek dat we in dit hoofdstuk beschrijven hebben we onderzocht wat het
effect is van subacromiale injecties gedurende de eerste dagen na injectie. Alle patiënten
van de in hoofdstuk 2 beschreven RCT werd gevraagd om een pijndagboek bij te houden.
De primaire uitkomstmaat bestond uit de pijn op een VAS score tijdens de eerste 21 dagen
na een injectie. De secundaire uitkomstmaat bestond uit de hoeveelheid extra ingenomen
pijnstillers en de eventuele bijwerkingen.
De corticosteroïdgroep had de grootste vermindering van pijn gedurende de eerste
week na injectie in vergelijking met de hyaluronzuur groep en de NaCl groep. Het effect
van de corticosteroïd injecties was het grootste na de eerste injectie. Het toedienen van

9

een tweede corticosteroïd injectie gaf een verdere vermindering van de pijn, alhoewel het
effect minder groot was dan na de eerste injectie. De derde corticosteroïd injectie gaf slechts
een lichte vermindering van de pijnklachten. Alleen in de corticosteroïdgroep vonden we
het booster effect zoals hierboven beschreven na herhaalde corticosteroïd injecties. Op
basis van de resultaten van dit onderzoek, waarbij de grootste pijnvermindering werd
bereikt na 2 corticosteroïd injecties vragen we ons af of het noodzakelijk is om meer dan
2 injecties te plaatsen bij subacromiaal impingement.
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Hoofdstuk 4
Schouderklachten komen vaak voor in de bevolking. Cuff problemen zijn vaak
een veroorzaker van deze schouderklachten. De klinische accuratesse van beschikbare
schoudertesten is tot op heden beperkt. In dit hoofdstuk beschrijven we de resultaten
van een onderzoek wat uitgevoerd is om de betrouwbaarheid van de empty can en drop
arm testen te verbeteren door deze te combineren en een subacromiale injectie toe te
voegen. Voor deze studie werden 49 patiënten prospectief onderzocht. Alle patiënten
werden gediagnosticeerd met subacromiaal impingement. De empty can en drop arm test
werden uitgevoerd voor en na een subacromiale injectie. Echografie werd als referentietest
gebruikt.
De data werden zowel voor de afzonderlijke testen als voor de gecombineerde
testen geanalyseerd. Voor de analyse van de gecombineerde testresultaten werd een
regel voor parallel testen toegepast. Naar analogie van deze regel moest er minstens
een van de gecombineerde testen een positief testresultaat hebben om tot een positief
testresultaat te leiden voor de gecombineerde testen. Bij de echografie werden zes cuffrupturen gevonden. De specificiteit verbeterde en de sensitiviteit verminderde na een
subacromiale injectie. Bij het gecombineerde testresultaat was er zonder injectie sprake
van een verbetering van zowel de sensitiviteit als de specificiteit.

Hoofdstuk 5
Een opvallende bevinding bij subacromiale klachten is de painful arc, een pijnlijke
en verstoorde scapulothoracale en glenohumerale bewegelijkheid in het frontale vlak. In
dit hoofdstuk beschrijven we het voorstel voor een classificatie en graderingssysteem van
de painful arc gebaseerd op de door de patiënt ervaren hoeveelheid pijn en verstoring
van het glenohumerale en scapulothoracale bewegingspatroon. Als onderdeel van de
in hoofdstuk 2 beschreven RCT werd bij alle patiënten de painful arc gescoord. De
geobserveerde painful arc werd gegradeerd volgens de voorgestelde classificatie. De
data werden in een lineaire regressie analyse vergeleken met de VAS score en de andere
uitkomstmaten van de RCT. We vonden een positieve correlatie tussen de gradatie van de
painful arc en de geobserveerde uitkomstmaten.
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Hoofdstuk 6
De afstand tussen humerus en acromion, ook wel acromio humerale afstand (AHA),
is een driedimensionale afstand. Deze wordt beïnvloed door peesscheuren, vettige
degeneratie en atrofie van de rotatoren manchet. Röntgenonderzoek van de AHA
is beperkt tot 2 dimensies en wordt bepaald door patiëntpositie en de richting van de
röntgenstraal. In dit hoofdstuk beschrijven we een betrouwbaarheids studie welke werd
uitgevoerd om de betrouwbaarheid te onderzoeken van echografische AHA metingen bij
symptomatische patiënten. In totaal werden 43 patiënten met subacromiaal impingement
geïncludeerd in dit onderzoek. De echografische metingen werden zowel in neutrale als
60 graden abductiepositie uitgevoerd. Het echografisch onderzoek werd uitgevoerd door
twee onderzoekers. Er bestond een verschil tussen de onderzoekers met betrekking tot de
echografische ervaring. De inter en intra observer betrouwbaarheid van de echografische
AHA metingen bij symptomatische patiënten was iets beter bij de meer ervaren
onderzoeker. De intra observer betrouwbaarheid was excellent in neutrale positie, de
inter observer betrouwbaarheid was goed. De resultaten van dit onderzoek laten minder
betrouwbare echografische AHA metingen zien bij symptomatische patiënten dan bij
gezonde individuen.

Hoofdstuk 7
Reproduceerbare metingen van bewegingsuitslagen zijn van essentieel belang voor de
diagnose en evaluatie van schouderklachten. Er zijn verschillende technieken ontwikkeld
om bewegingsuitslagen te meten. Deze variëren van visuele schatting, tot het plaatsen van
sensors op benige oriëntatiepunten. In dit hoofdstuk presenteren we de resultaten van
de reproduceerbaarheid van meting van bewegingsuitslagen met een driedimensionale
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gyroscoop. Aan dit onderzoek namen 58 patiënten deel afkomstig uit verschillende
centra. Zij hadden last van subacromiaal impingement of artrose van hun schouder.
Actieve anteflexie en abductie werden gemeten met een driedimensionale gyroscoop
volgens een test en her-test protocol. Metingen werden zowel bij de aangedane als niet
aangedane zijde verricht.
Met de driedimensionale gyroscoop werd een goede tot excellente reproduceerbaarheid
gevonden bij metingen van anteflexie en abductie. Er waren gemiddeld 2 herhalingen
nodig voor een goede reproduceerbaarheid
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Hoofdstuk 8
In dit hoofdstuk behandelen we de antwoorden op de vragen welke gesteld werden
in de introductie van het proefschrift. De vragen betreffen issues aangaande therapie en
behandeling van schouderklachten.
Corticosteroïdinjecties hebben een significant beter effect op pijn en functie dan
hyaluronzuur en placebo injecties gedurende de eerste drie maanden. We konden niet
aantonen dat hyaluronzuur injecties een significant beter effect hebben op pijn en functie
dan placebo injecties. We waren niet in staat om de veronderstelling te bewijzen dat
hyaluronzuur injecties leiden tot een vermindering van ontstekingsreactie.
We konden wel aantonen dat het herhalen van corticosteroïd injecties leidt tot een
accumulatief effect. Na twee injecties lijkt het optimale effect te zijn bereikt. Het toedienen
van een extra injectie geeft maar weinig extra vermindering van pijn.
Het is van essentieel belang voor de diagnose van cuff problematiek om cuff scheuren
uit te sluiten.
De empty can en drop arm testen hebben een bewezen hogere sensitiviteit en
specificiteit wanneer deze testen gecombineerd uitgevoerd worden. De toevoeging van
een lokale verdovende subacromiale injectie leidt tot een verbetering van de specificiteit
van de afzonderlijke testen.
Het voor de painful arc voorgestelde classificatiesysteem liet een positieve correlatie
zien in vergelijking met de andere uitkomstmaten voor de score van pijn en functie.
Het meten van de acromio humerale afstand met behulp van echografie is van beperkte
waarde gebleken bij symptomatische patiënten in vergelijking met gezonde individuen.
Het meten van de anteflexie en abductie met een drie dimensionale gyroscoop
bij symptomatische patiënten geeft excellente reproduceerbaarheids coëfficiënten in
vergelijking met andere meettechnieken.
Op basis van de resultaten van de onderzoeken uit dit proefschrift hebben we
een voorstel geformuleerd voor een algoritme voor de diagnose en behandeling van
subacromiale schouderklachten.
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Valorisation
Introduction
In this valorisation chapter we describe the innovative aspects of the studies conducted
for this thesis. The results of the performed studies have generated knowledge on aspects
of treatment and diagnostics in cuff disorders. This new knowledge is of value for science,
but also has socioeconomic implications.

Innovation
In this thesis we have studied the effectiveness of injections in cuff disorders. We
investigated the effectiveness of hyaluronic acid as a novel medicine for this type of
shoulder complaints. We have shown that hyaluronic acid has unsatisfactory effectiveness
in the treatment of cuff disorders and was less effective than corticosteroid injections.
We could prove that corticosteroid injections work rather fast and are significantly more
effective up to 12 weeks after injection.
In our search for the effectiveness of repeated subacromial corticosteroid injections,
we discovered a booster effect of repeated injections. As far as we know this has not been
described before in the treatment of cuff disorders. The repetition of an injection leads to
an increased reduction in pain after corticosteroid injections as compared to hyaluronic
acid and saline injections.
At present there are no strict guidelines stating the maximum number of repeated
corticosteroid injections. The advice is to repeat when effective. Based on animal studies
numbers of injection repetition up to six times a year are suggested.(1)
In the study described in chapter three we found a booster effect of the first and second
injection, resulting in a decrease in pain during the first eight to ten days after injection.
A third injection did not result in a further decrease in pain. Based on these results we
propose a maximum of 2 corticosteroid injections.
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A single physical examination test for shoulder disorders has a rather low sensitivity
and specificity. Combining tests has been proven to result in a higher reliability.(2, 3)
For this thesis we have combined the empty can and drop arm test, two tests,
examining pain and motor function, with a subacromial injection. With this combination
we were able to show an improved specificity after injection as compared to a single test
without subacromial injection.
Reproducible measurement of shoulder abduction and anteflexion was investigated
with a novel test design using a three dimensional gyroscope. We could prove good to
excellent reproducibility with this test design.

Social and economic relevance
Shoulder related sick leave accounts for an incidence of approximately 16-18 %.(4)
Most patients will suffer from complaints between six to twelve months.(5)
In this thesis we have shown that a positive result can be achieved after subacromial
corticosteroid injections at the short and intermediate term (six months). Although not
part of the research for this thesis, this positive effect can lead to earlier return to work.
Especially since half of the medical cost of shoulder complaints in the first six months are
generated by sick-leave.(6)
In this thesis we have presented the limited effect of repetition of subacromial
corticosteroid injections more than two times. We also proposed a treatment algorithm
in which test results and corticosteroid injections are combined. Change of the current
therapeutic and diagnostic approach, based on these results and the proposed algorithm
can lead to a faster diagnostic track and subsequently better therapeutic results.
Reduction of corticosteroid injection by means of reducing the number of repeated
injections will only give limited change on a macroeconomic level.

Target Group
The results of this thesis are relevant for health care workers in primary and secondary
care.
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In primary care large numbers of patients suffering from shoulder complaints are
treated. Many family doctors are able to treat with corticosteroid injections, but at present
the diagnostic tools in the Dutch setting might be improved The results presented in this
thesis provide another and novel diagnostic approach in which effectiveness of injections
and physical examination are combined.
In secondary care patients suffering from shoulder complaints generally are treated
by Rheumatologists and Orthopedic Surgeons. In the setting of secondary care more
diagnostic resources are available compared to primary care. Nevertheless, the basic
approach in which the effectiveness of a subacromial injection is combined with results
from physical examination is applicable in secondary care as it is in primary care.
Improvement of diagnostics and injection therapy might result in less use of costly hightech tools as MRI.
Given the positive results of subacromial administered corticosteroid injections, they
tend to be repeated too often in both primary and secondary care. The results presented
in this thesis show these repetitions in a different perspective, and should be limited. This
could result to shorter treatments.

Future research
In this thesis we gave a description of a classification of the painful arc. Based on
the available data we were not able to prove the reproducibility and validity of this
classification. Future research could explore this.
Future research also should focus on the cost-effectiveness of the treatment of cuff
disorders.
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