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Analysis of hydrodilatation as part of
a combined service for stiff shoulder
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Abstract
Background: Adhesive capsulitis is a common cause of stiff shoulder and may result in pain and restriction of

movement. The study aimed to investigate the role of hydrodilatation of the glenohumeral joint in the management

of adhesive capsulitis.

Methods: Patients referred from the shoulder clinic underwent hydrodilatation under ultrasound guidance. Of 209

referred for hydrodilatation, 163 underwent the procedure and attended follow-up physiotherapy. Outcome measures

were available for 118 patients (58 men and 60 women). Mean age of the study group was 52.6 years.

Results: There was a statistically significant improvement in both Oxford Shoulder Score (OSS) and Disability Arm

Shoulder Hand Scores (Quick DASH) in the first 4 weeks after the procedure, which was maintained but not improved

to the end of the study period. Patients presenting with pain, those who had a history of steroid injections and older

patients all had worse functional scores at presentation. Diabetes (both Type I and II), previous physiotherapy, length of

history and whether pain or stiffness, or both, were the predominant symptom did not have any statistical significance at

presentation. These factors were not predictors of any statistically significant improvement in functional scores.

Conclusions: Hydrodilatation results in a significant improvement of symptoms in patients with adhesive capsulitis.
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Introduction

Stiff shoulder is a common presentation to the shoulder
clinic; adhesive capsulitis, (commonly referred to as
frozen shoulder), is the most common cause, affecting
approximately 2–5%of the population.1,2 However,
later studies surmise that the real incidence of capsular
contracture is about 0.75% of the population as
described by Bunker.3 The condition is characterized
by a thickening and contracture of the capsule akin
to Dupuytren’s contracture of the hand.3

Night pain with a reduced range of movement, par-
ticularly external rotation is one of the cardinal symp-
toms.4 Frozen shoulder may be idiopathic or secondary
to preceding trauma. Although older studies suggested
a significant female preponderance,5 more recent
arthroscopic studies demonstrate a 1 : 1 male to
female ratio and go on to suggest female preponderance

if any is very small.3 There is a strong association with
diabetes mellitus.6 The condition is usually self-limiting,
typically lasting between 12 months and 36 months,7

with spontaneous resolution usually demonstrated,
although some studies demonstrate up to 41% of
patients had persisting symptoms associated with pain
and functional loss.8,9
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Three stages have been described in the past,4

although it is accepted that the course of the disease
can be variable.3 Multiple treatment strategies have
been suggested for the management of adhesive capsu-
litis, including manipulation under anaesthesia, surgical
capsular release, physiotherapy regimens, intra-
articular steroid injections, hydrodilatation of the
glenohumeral joint (either using fluoroscopy10 or ultra-
sound11 guidance), or a combination of the above.
Hydrodilation has been demonstrated to be more
effective than physiotherapy12 and is also effective
when compared with manipulation under anaesthe-
sia.13 Arthroscopic capsular release14 is an effective
method of improving symptoms but is more invasive
and expensive. Recent evidence suggests steroid injec-
tion into the rotator interval may be of benefit in this
group of individuals.15 Studies have suggested an
improvement following hydrodilatation, usually with
steroid in the injectate.16–24

Hydrodilatation distends the glenohumeral joint
capsule with capsular rupture as the desired end-
point. The present study illustrates our strategy for
managing stiff shoulder.

Materials and Methods

Patient recruitment

Our stiff shoulder service is a multi-disciplinary team
(MDT) approach between orthopaedics, physiotherapy
and radiology. Ethical approval was deemed unneces-
sary by our institutional review board. The present
study aimed to assess the efficacy of hydrodilatation
of the glenohumeral joint combined with intra-articular
steroid injection and followed by a prescribed course of
physiotherapy.

An initial pilot study of 20 patients with primary stiff
shoulder was performed. Successful clinical outcomes
were noted. Our institution’s ‘New Procedures
Committee’ approved the technique for clinical use as
part of a prospective clinical study. Appropriate con-
sent procedures were established.

In total, 209 patients with primary or secondary (but
not postoperative), stiff shoulder were referred to the
study from the shoulder clinics of the Newcastle upon
Tyne teaching hospitals. The main diagnostic criterion
observed was passive external rotation less than 30�

along with decreased active and passive shoulder move-
ments. These restrictions were either anatomical end
point limitation or pain related limitation. Most of
the patients in this group had a primary frozen shoul-
der, a few (six in all) had a history of trauma or being
treated for previous conditions including impingement
(one patient, treated conservatively), breast cancer
(one patient) and lymphoma (one patient) and were

therefore classed as possible secondary frozen shoul-
ders. After the procedure, subjects were followed up
in the shoulder clinics. Six patients who failed to
improve with hydrodilatation were considered for
other procedures where appropriate.

Patients were recruited from 2011 to 2014. Four
patients with a proven full thickness rotator cuff tear
were excluded because hydrodilatation is not effective
in this group.

Technique

All procedures were carried out by one of two consult-
ant musculoskeletal radiologists, with the first author
performing (RS) all of the procedures in the initial pilot
study.

Patients were requested to bring a family member/
friend as an escort after the procedure and were also
recommended not to drive postprocedure. If any
patient was on anticoagulant usual departmental
policy for interventional procedures was followed.

Radiographs of the shoulder were assessed to
exclude osteoarthritis of the shoulder. History obtained
included duration of symptoms, history of diabetes,
previous steroid injections, physiotherapy, any
co-existing medical condition, whether symptoms
were worsening or plateaued prior to procedure, and
whether pain or stiffness, or both, were the predomin-
ant symptom.

Oxford Shoulder Score (OSS) and Disabilities of the
arm, shoulder and hand (Quick DASH) scores were
also obtained immediately prior to the procedure.
A diagnostic ultrasound of the shoulder was performed
with a 9-MHz curvilinear or 12.5-MHz linear array
ultrasound transducer (IU22 or Epiq 5; Philips,
Eindhoven, The Netherlands) to confirm cuff integrity
and exclude other causes of shoulder pain relating to
the cuff, long head of biceps tendon, subacromial bursa
or acromioclavicular joint. In the absence of contra-
indications the patient was consented, including a dis-
cussion of potential complications.

The procedure was performed in the lateral position
lying on the un-affected side. The probe was placed
transversely across the posterior aspect of the gleno-
humeral joint such that the glenoid labrum was in the
middle of the screen (Figs. 1a and b). An appropriate
site of puncture was marked. Using aseptic technique,
1% lidocaine was infiltrated into the skin and subcuta-
neous tissues. Under ultrasound guidance a 21-G
needle was placed into the glenohumeral joint via a
postero-oblique approach.

Approximately 8ml to 10ml of lignocaine 1% was
then injected into the joint followed by a mixed injec-
tate of 80mg of triamcinolone, 15ml of 0.25% bupiva-
caine and 40ml to 60ml of normal saline with phasic
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distension to the point of rupture. If capsular rupture
had not been achieved after instillation of 60ml of
normal saline, the procedure was terminated. Initial
injection leads to fluid flowing into the lower third of
the joint and into the inferior capsular recess. It is only
when the inferior capsular recess is filled that distention
starts appearing at the level of the superior capsule,
with elevation of the superior capsule and with it the
supraspinatus tendon, and concurrently extends into
the rotator interval. Capsular rupture typically occurs
at the rotator interval with fluid extending into the
pericapsular soft tissues at this level. The shoulder
joint has 2 areas of inherent weakness; first, the inferior
capsule and, second, the rotator interval. When fluid is
injected, pressure, which is force per unit area, builds
up maximally at the rotator interval because of the
smaller area compared to the inferior capsule, which
has a much wider area. This would explain the rupture
preferentially occurring at the rotator interval.

Five simple exercises aimed at increasing shoulder
joint ranges of movement (flexion, abduction and rota-
tions) were demonstrated to the patient. These were to
be performed 25 times each, three times a day.
Physiotherapy started the day after the procedure and
continued for at least 3 months or as required and
advised by the physiotherapist.

Patients completed the Quick DASH (QDASH)
and the OSS scores at 4 weeks, 3 months, 6 months
and 12 months postprocedure.

Results

In total, 209 patients were referred for hydrodilatation
during the study period. On presentation for the pro-
cedure, 19 had improved and declined treatment,
11 patients did not attend the procedure and seven
did not attend their initial physiotherapy
appointment. Nine procedures were abandoned for

various reasons, (Table 1). Six patients had subsequent
procedures following failed hydrodilatation (Table 2).

In total, 163 patients underwent hydrodilatation,
with adequate postprocedure rehabilitation and data
scores (at least two sets) available in 118. Of the 46
who did not have hydrodilatation and excluding the
19 who had improved and declined treatment, two

Figure 1. (a) Ultrasound image showing needle tip position into the glenohumeral joint with (b) corresponding image on the right

annotating various structures (humeral head outlined, glenoid outline in grey and posterior labrum in black).

Table 1. Indication for abandoning/not performing a

procedure.

Indication

Number of

patients

Extremely tight capsule 1

Breast carcinoma and radiotherapy 1

Cuff tear 4

Syncope prior to procedure 1

Cerebral bleed prior to procedure 1

Withdrawn consent 1

Table 2. Post hydrodilatation surgery.

Surgery Number of patients

Arthroscopic capsular release 2

Manipulation under anesthesia 2

Subacromial decompression

and capsular release

1

Cervical decompression

for disc prolapse

1
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had surgery for cuff repair, seven had physiotherapy
only and another 18 were lost to follow-up.

Mean age was 52.6 years (range 28 years to 73 years)
(Table 3), 60 were female and 58 were male, and 26
suffered from diabetes mellitus.

Regression analysis of the pre-procedure OSS and
QDASH scores (Table 4) demonstrated that older
patients, those who had undergone steroid injection(s)
and those who considered themselves to be in the wor-
sening phase rather than in the plateau phase were
functionally worse at the time of presentation. No stat-
istical difference in pre-procedure scores was noted
between the diabetics and nondiabetics. Patients who
had received prior physiotherapy did not have a statis-
tically different score from those who had not; the

duration of symptoms pre-procedure did not correlate
with the scores at time of hydrodilatation.

A significant improvement in functional scores was
demonstrated at 4 weeks postprocedure, with the OSS
score increasing by 14.99 (p¼ 0.00) and the QDASH
reducing by 26.82 (p¼ 0.00).

No statistical difference was observed in either
score between four weeks and subsequent follow-up,
(Table 5).

There has been a reduction in datasets available espe-
cially in the latter stages of patient follow-up with the
largest set of scores (d.f.) being available for the time
period from procedure to 4 weeks [i.e. 79 (OSS) and 80
(QDASH)], which reduced for subsequent periods.

Regression analysis of the functional scores between
the procedure and 4 weeks (Table 6), demonstrated sig-
nificant (p¼ 0.04) improvement in the QDASH scores
of younger patients versus older patients, with a similar
but not as significant (p¼ 0.07) trend with the OSS
scores. The other patient factors did not correlate
with postprocedure scores.

Discussion

Stiff shoulder, with or without pain, is a common pre-
senting symptom.25 It represents a socio-economic
burden leading to significant work absence.26

Incidence of stiff shoulder in General Practice is
approximately 2.4 per 1000 head of population per
year.27 Referral to secondary care varies but UK data
suggest that only 22% patients were referred during the
three years from initial presentation.28

Table 4. Regression analysis of pre-procedure scores.

Estimate SE t p

OSS QDASH OSS QDASH OSS QDASH OSS QDASH

Constant 38.66 16.46 6.57 12.68 5.89 1.30 0.00 0.20

Diabetes (y¼ 1) 1.77 �1.48 2.38 4.59 0.74 �0.32 0.46 0.75

Physio (y¼ 1) �1.33 2.37 2.41 4.65 �0.55 0.51 0.58 0.61

Pain/stiffness/both (p¼ 1) 0.42 �3.83 1.74 3.34 0.24 �1.15 0.81 0.25

Plateau/worse (w¼ 1) �5.74 13.50 2.30 4.43 �2.50 3.05 0.01 0.00

Steroid> 0 �4.41 9.26 2.16 4.17 �2.04 2.22 0.04 0.03

Age (years) �0.22 0.50 0.11 0.22 �1.97 2.30 0.05 0.02

Symptom duration (months) �0.02 0.05 0.07 0.13 �0.31 0.39 0.76 0.70

Adjusted r2 0.10 0.14

OSS, Oxford Shoulder Score; QDASH, Quick Disability Arm Shoulder Hand Scores.

Table 3. Age distribution of the study group.

Age group (years) Number of patients

<20 0

21–30 2

31–40 2

41–50 31

51–60 59

61–70 21

71–80 3
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Many strategies have been described to reduce the
level of pain or the duration of symptoms. We feel that
the management of these patients within the current
National Health Service primary care and secondary/
tertiary musculoskeletal services is often fragmented.
We consider that a composite MDT approach improves
and hastens the treatment of the condition.

Glenohumeral osteoarthritis can mimic frozen
shoulder. All stiff shoulders should therefore be
X-rayed.

Referral from primary care to specialist clinics is
often delayed (Table 7).

Regression analysis of scores at presentation suggest
patients in the worsening stage were, on average, 13.5

points worse off on Quick DASH and 5.74 points worse
off on OSS compared to the plateau stage. Patients who
had at least one prior steroid injection had QDASH
scores and OSS scores that were worse off by 9.26
points and 4.41 points, respectively. The scores also
reveal that, for every additional year of age, the
QDASH and OSS scores were worse by a factor of
0.5 and 0.22, respectively.

We have used ultrasound guidance in the present
study because it allows confirmation of cuff integrity
(allowing sufficient pressure for capsular rupture if
achievable) and exclusion of alternate local pathologies.

The results of the present study demonstrate a stat-
istically significant improvement in shoulder function

Table 6. Regression results on the difference of OSS and QDASH scores between the procedure and 4 weeks against various patient

factors.

Estimate SE t p

OSS QDASH OSS QDASH OSS QDASH OSS QDASH

Constant 4.31 0.10 7.44 13.90 0.58 0.01 0.56 0.99

Diabetic �2.99 1.85 2.71 5.05 �1.10 0.37 0.27 0.72

Prior physiotherapy �0.01 �1.73 2.74 5.11 0.00 �0.34 1.00 0.74

Type of symptoms (pain/stiffness/both) 0.19 3.73 2.02 3.73 0.10 1.00 0.92 0.32

Stage of disease (plateau/worse) 4.07 �7.82 2.65 4.95 1.53 �1.58 0.13 0.12

Prior steroid injections �1.10 2.99 2.41 4.49 �0.46 0.67 0.65 0.51

Age (years) 0.24 �0.51 0.13 0.24 1.87 �2.11 0.07 0.04

Symptom duration (months) �0.11 �0.14 0.14 0.26 �0.76 �0.53 0.45 0.60

Adjusted R2 0.01 0.01

OSS, Oxford Shoulder Score; QDASH, Quick Disability Arm Shoulder Hand Scores.

Table 5. Test of mean difference of OSS and QDASH score.

Mean t d.f. p

OSS QDASH OSS QDASH OSS QDASH OSS QDASH

Between procedure and 4 weeks 14.99 �26.82 15.75 �15.20 79 80 0.00 0.00

Between 4 weeks and 3 months 1.02 �3.34 1.36 �2.28 52 53 0.18 0.03

Between 3 and 6 months �0.54 1.91 �0.56 0.95 34 34 0.58 0.35

Between 6 months and 1 year 0.79 �4.97 0.44 �1.46 42 42 0.66 0.15

The use of italics demonstrates that the only significant consistent improvement occurs between the procedure and 4 weeks when using both OSS and

QDASH scores.

OSS, Oxford Shoulder Score; QDASH, Quick Disability Arm Shoulder Hand Scores.
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and symptoms within 4 weeks of the procedure. This
improvement was maintained to the end of the study
period.

Given the initial results we observed for the patients
with primary stiff shoulders, we subsequently per-
formed the procedure in the later part of the study on
some patients with secondary stiff shoulders. However,
we do not have adequate data and consider this aspect
to be part of a future study.

We consider that it is vitally important to start exer-
cising on the day of hydrodilatation and to have a
physiotherapy appointment the day after. However,
we aim to assess the role of physiotherapy in a future
study.

Age does not appear to be a significant predictor of
response to hydrodilatation. The results demonstrated
(Table 6) that, although there was some statistical sig-
nificance on QDASH scores (p¼ 0.04), this was not
mirrored in the OSS scores (p¼ 0.07). However, there
may be an underlying trend.

There is a higher incidence of adhesive capsulitis in
the diabetic population.6 The present study included
22% patients who were diabetics. There was no differ-
ence in outcome between the diabetics to the

nondiabetics in our study group, which is in accordance
with a previous study by Clement et al.29

There was also no statistical significance to the func-
tional outcome in hydrodilatation patients who had
previous physiotherapy, regardless of whether they rec-
orded pain or stiffness, or both, as the predominant
symptom and whether patients felt they were in the
plateau or worsening stage.

Six patients required surgery posthydrodilatation.
These patients are regarded as ‘failure of the proced-
ure’. Three patients underwent an arthroscopic capsu-
lar release, two had manipulation under anaesthetic
and one went on to have cervical spinal surgery. No
common factors were demonstrated in this small sub-
group of patients. All three participating surgeons
saw a large reduction in the number of ‘stiff shoulder
‘procedures performed during the study period.

The procedure was well tolerated by all patients. Our
patient group experienced few adverse events/complica-
tions of the procedure. One patient developed transient
suprascapular nerve palsy because of leakage of anaes-
thetic into the supraglenoid notch region. Patients often
feel some discomfort and sometimes feel dizzy in the
first few minutes of/after the procedure. We advised our
patients to be accompanied for the procedure and not
to drive for the rest of the day.

Table 8 demonstrates the reduction in surgical pro-
cedures (manipulation under anaesthesia or arthro-
scopic capsular release) for stiff shoulder in the
4 years after the start of the study period. This repre-
sents a 78.5% reduction in surgical treatment. It also
demonstrates the total number of patient appointments
excluding non attendances in the time period between
2007 and 2014. Although the exact numbers of patients
with a diagnosis of stiff shoulder were not available on
our coding systems, the drop in surgical rates has
occurred in the background of a significantly increased

Table 8. Surgical rates and total number of outpatient appointments in shoulder clinic pre/post study.

Before onset of

hydrodilatation

service

Numbers operated

for frozen shoulder

(MUA or arthroscopic

release)

Total number of

patients seen in

upper limb clinic

After start of

hydrodilatation

service

Numbers operated

for frozen shoulder

(MUA or arthroscopic

release)

Total number of

patients seen in

upper limb clinic

2007 14 2353 2011 3 3964

2008 18 2388 2012 2 4146

2009 10 1996 2013 3 4353

2010 14 3193 2014 4 4246

Total 56 9930 Total 12 16709

MUA, manipulation under anaesthesia.

Table 7. Referral delays for hydrodilatation.

Duration of symptoms

to hydrodilatation Number of patients

0–6 months 18

7–12 months 63

13–24 months 28

>24 months 9
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number of patient appointments to the upper limb
clinic.

The procedure takes 1 hour to perform in our ultra-
sound department, with the patient free to leave once
the procedure is completed. This compares favourably
to surgical procedures.

Our current management follows the algorithm
shown in Fig. 2.

A review in 2012 concluded that there was limited
clinical evidence on the effectiveness of treatments for
primary frozen shoulder and that the studies that have
been published in this area have all suffered from small
participant numbers.30 The present study demonstrates,
with statistical significance, the effectiveness of hydro-
dilatation in a large cohort. At our institution, the esti-
mated cost of a surgical release is £1015, whereas, for
hydrodilatation, the cost is £282 in accordance with
currently priced coding guidelines. This represents a
saving to the trust of £733 per case.

We also acknowledge that, in 2011, the first author
(RS) was the only consultant providing this service.
Waiting times were almost at 3 months and this
might have resulted in a proportion of the 19 patients
who improved with conservative treatment declining
hydrodilatation. However, by early 2012, after the
first author had trained other colleagues, this waiting
time had been reduced significantly to 4 weeks and take
up had significantly improved.

We also propose to follow-up the present study with
further follow-up studies, including studies considering
steroid injection only versus hydrodilatation and

hydrodilatation with and without physiotherapy
input. These can be blinded and randomized to increase
efficacy.

Conclusions

We have demonstrated that hydrodilatation
under ultrasound guidance followed by physiother-
apy is an effective management option for the stiff
shoulder.

We have found that the MDT approach to the stiff
shoulder has improved our management of this group
of patients and markedly reduced our requirement for
surgical procedures. The major aim of the present study
has been to assess outcome measures following hydro-
dilatation. The dataset needs to be improved with
larger numbers, although we consider and hope that
this is at least a starting point. Anecdotally, we find a
lack of follow-up with respect to assessing outcome
measures, in many centres that are offering
hydrodilatation.

We propose that the establishment of a ‘stiff shoul-
der clinic’, run by specialist physiotherapists within the
consultant led shoulder clinic with rapid access to
hydrodilatation, would be an effective method for
managing stiff shoulder. In our unit, this has become
the initial method of management of primary frozen
shoulder. The reduction in surgical procedures will
lead to considerable financial savings for the NHS
and, at the same time, create a non-operative pathway
for the management of this condition.

Figure 2. Flow pattern for management of frozen shoulder. GP, general practitioner; Depts., departments.
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Article focus

A combined service for managing the stiff shoulder
using orthopaedics, physiotherapy and radiology was
analysed using patient scoring systems.

Key message

Hydrodilatation under ultrasound guidance is an effect-
ive treatment for the stiff shoulder.

Strengths and limitations

1. Hydrodilatation is a minimally invasive procedure
for the management of the non-arthritic stiff
shoulder.

2. The procedure is well tolerated.
3. The multi-disciplinary team (MDT), of orthopaedic

surgeons, physiotherapists and radiologists func-
tioned well in our institution.

4. Loss to follow-up limited the size of our trial cohort.
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