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| ABSTRACT
Objective: To determine the safety and efficacy of treating adhesive capsulitis 
refractory to conservative treatment with a combination of TAE(transcatheter 
arterial embolization) and early physical therapy in our clinical experience.
Methods: Observational and prospective study in a single general hospital. A 
total of 98 patients with adhesive capsulitis were evaluated and 14 of these pa-
tients were diagnosed of resistant to conservative treatment. 9 of these patients 
accepted combined TAE and rehabilitative treatment. Angiogram of the axillary 
artery was obtained to provide detailed information about the arterial supply to 
the glenohumeral capsule. A coaxial microcatheter was used for selective cath-
eterization of arteries supplying the hypervascularized area. Small amounts of 
suspended microparticles formed by diluting 500 mg imipenem and 500 mg 
cilastatin sodium were injected. Between 72-96 hours after embolization, patients 
resumed rehabilitation withphysical therapy until their clinical situation stabilized.
Results: Significant differences were found in VAS (visual-analogue-scale) and 
functionality. Comparing VAS measurements at night and during activity showed 
that pain decreased significantly and progressively with respect to the baseline 
measurements; moreover, the decrease in pain during activity was evident from the 
first week after the procedure. Significant improvements in flexion and abduction 
with respect to the baseline measurements were observed at all timepoints after 
TAE. Statistically significant improvements in the quickDASH questionnaire were 
observed at third and sixth months after TAE. No complications were observed.
Conclusion: Embolization of arterial branches in the shoulder capsule combined 
with early rehabilitation was effective combination in adhesive capsulitis refractory 
to conservatory treatment.

Intervencionismo. 2020;20(2):74-83

Abbreviations: TAE= 
transcatheter arterial 
embolization; VAS = visual 
analog scale; ROM = range of 
motion; QuickDASH= Quick 
Disabilities of Arm, Shoulder 
and Hand.
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| INTRODUCTION
Adhesive capsulitis is characterized by shoulder pain and 
progressive loss of active and passive mobility1–5. The pre-
valence is 2 % to 5 % in the general population and 10 % 
to 30 % in diabetics; it is more common in women and in 
patients 40 to 60 years old3. Sometimes both shoulders 
are affected6. Adhesive capsulitis occasionally develops 
after trauma or surgery, but it is usually idiopathic3.
The diagnosis is clinical, although there are no firmly esta-
blished diagnostic criteria1,7. Plain-film X-rays of the shoulder 
should be done, but the findings are usually normal and 
other imaging studies are occasionally necessary for the di-
fferential diagnosis. Characteristic signs on ultrasonography 
and magnetic resonance imaging include thickening of the 
inferior glenohumeral ligament, coracohumeral ligaments, 
and axillary pouch as well as infiltration of the rotator interval, 
this thickening and contraction of the shoulder joint capsule 
and surrounding synovium is better defined by MRI8–13.
Adhesive capsulitis is defined as a self-limiting condition, 
with different stages (painful, mobidity limitation and 
clinical recovery) and symptoms length between months 
to years. This classic presentation no longer predominates 
and many authors do not consider adhesive capsulitis as a 
disease with spontaneous resolution, then early treatment 
is normally recommended to improve ROM and shoulder 
pain1,4,14,15. Conservative treatment with analgesics, physical 
therapy, and exercises at home is the first-line approach; 
occasionally, minimally invasive interventions such as 
intra-articular infiltration or suprascapular nerve block are 
necessary4,16,17. Although most patients respond satisfac-
torily to conservative treatment, up to 30 % of cases are 
refractory to treatment, and up to 7 % require surgery4,18–20. 
No single approach to the treatment of adhesive capsulitis 
is universally considered the most effective2,15.
In recent years, many therapeutic alternatives are being 
investigated in order to delay surgical indication once 
conservative treatments fail and mobidity and functional 
limitation persist. Based on studies reporting that increa-
sed vascularization and accompanying nerves could cause 
pain and chronic inflammation, Okuno et al.25 reported 
promising results for presurgical transcatheter arterial 
embolization (TAE) of the arterioles that supply areas of 
increased vascularization in shoulder areas with capsular 
thickening10,21–25. The rationale for this treatment is that oc-
cluding or markedly reducing arteriolar blood flow induces 
ischemia in the inflamed capsular tissue, decreasing the 
pressure on nerve endings adjacent to these vessels and 
thereby reducing inflammation and pain20,25–29, and then 
continue with physical rehabilitation treatment which 

would have a synergistic effect on the clinical improve-
ment3,15. There are some manuscripts available focused 
on TAE intervention in knee osteoarthritis, tendinophaty 
or, entensopathy resistant to conservative treatment10,21–25.
We aimed to determine the effectiveness of treating 
adhesive capsulitis refractory to conservative treatment 
with a combination of TAE and early intensive physical 
therapy in our clinical experience.

| METHODS
STUDY DESIGN
This prospective observational study included patients 
diagnosed with adhesive capsulitis according to clinical 
and radiological criteria who underwent intensive physical 
therapy (consisting in 30 minutes of kinesiotherapy perfor-
med by a physiotherapist to restore ROM and function, and 
electrotherapy to improve pain (5 days per week plus home 
exercise two or three times every day) and on-demand 
analgesic drug treatment if patient refers severe pain, until 
reaching clinical stability at our center in the period com-
prising January 2018 through July 2019. Our institutional 
review board approved the study protocol, and all patients 
provided written informed consent. Patient’s confidentiality 
was ensured in accordance with current legislation. The 
study protocol follows the Strengthening the reporting of 
observational studies in epidemiology (STROBE) state-
ment, Figure 1 presents a flow diagram for this trail.

RECRUITMENT OF PARTICIPANTS
Two physicians specialized in rehabilitation medicine 
selected patients with a poor response to treatment, 
defined as symptoms persisting longer than three months 
with persistent limitation of at least two axes of ROM 
(≤120º flexion and/or abduction or ≤50º external and/
or internal rotation with the shoulder at 90º abduction) 
after at least six weeks of rehabilitation. Patients aged 
>18 years without systemic disease, previous shoulder 
fractures, or shoulder surgery history were referred to the 
interventional radiology department for TAE.

PROCEDURE. INTERVENTIONAL  
RADIOLOGY DEPARTMENT
Under local anesthesia, percutaneous arterial access was 
obtained using a 5-F introducer sheath (Terumo, Tokyo, 
Japan) via the common femoral artery or a 5-F introducer 
sheath via the radial artery. First, an arteriogram of the axi-
llary artery was obtained using different types of catheters 
(4-F or 5-F Glidecath C2, vertebral curve, or Simmons) 
(Cook®, Bloomington, Indiana and Terumo®, Tokyo, Japan) 
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to provide detailed information about the arterial supply to 
the glenohumeral capsule (thoracoacromial, suprascapular, 
circumflex scapular, and anterior and posterior circumflex 
humeral arteries and coracoid branch). Next, we used a 
1.9-F coaxial microcatheter (Parkway Soft; Asahi Intecc, 
Nagoya, Japan) for selective catheterization of the artery 
or arteries supplying the hypervascularized area, identified 
by early vascular filling, hyperemia, anomalous vessels, or 
early venous return. After identifying the abnormal vessels 
small amounts (0.2 cc–0.4 cc) of suspended microparticles 
(10 μ– 70 μ) formed by diluting 500 mg imipenem and 
500 mg cilastatin sodium (Aurovitas, Teramo, Italy) in 5 
cc to 10 cc of iodinated contrast material, were infused as 
the embolic agent, based on previous literature20,21. These 
compounds are slightly soluble in water, that exert tem-
porary embolic effects, flushing afterward with similar 
amounts of normal saline solution until the hypervas-
cularized areas were excluded (Figure 2). All procedures 
were done under fluoroscopic guidance. The endpoint of 
embolization was complete or nearly complete stasis of 
flow in the feeding artery without reflux of embolic agent to 
undesired arteries30. Patients remained under observation 
for adverse events and were discharged the day after the 

procedure with instructions for analgesia and exercises 
at home. Technical success was defined as the selective 
embolization of the artery/arteries of shoulder joint that 
shows pathological findings previously described.

OUTCOME MEASURES
Between 72 and 96 hours after embolization, patients 
resumed intensive physical therapy in order to improve 
ROM until their clinical situation stabilized.
We recorded the following variables:
• Demographics (age, sex, dominance, profession, dia-

betes, laterality) and information about the patient’s 
adhesive capsulitis (time since onset, duration of re-
habilitative treatment before and after embolization).

• Clinical variables, assessed before (baseline) and one 
week, one month, three months, and six months after 
embolization and intensive physical therapy:

• ROM (active and passive flexion and abduction, and 
passive internal and external rotation with the shoulder 
at 90º abduction, measured by goniometry);active and 
passive ROM means how far patient’s joint can move 
on its own and during relaxed state with assistance, 
respectively.

Figure 1. Flowchart illustrating patient selection and treatment.
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1. Shoulder’s functional movements of daily activity 
(anterior reach—hand to the neck with the elbow as 
far back as possible (example, useful to wash the hair); 
posterior reach—index finger as high as possible on 
the spine (example, useful to fasten a bra).

2. Subjetive shoulder’s pain evaluated on a visual analog 
scale (VAS) from 0 to 10, which 0 means no pain and 
10 maximum pain, at three timepoints: at night, at 
rest during the day, and during activity).

3. Upper limb’s functionality evaluated by Quick Di-
sabilities of Arm, Shoulder and Hand (quickDASH) 
self-administered questionnaire at baseline and three 
and six months after embolism and intensive physical 
therapy. The quickDASH scores 11 items on a scale 
from 0 to 100, with 0 representing the absence of 
disability and 100 total disability.

4. At discharge from rehabilitative treatment, patient 
satisfaction was measured on a scale ranging from 
0 to 10, with 0 representing total dissatisfaction and 
10 total satisfaction.

DATA ANALYSIS
We report quantitative variables as means ± estándar 
deviations and medians (interquartile ranges) and quali-
tative variables as frequencies (percentages). To compare 

variables between different timepoints within subjects, 
we used the Wilcoxon signed-rank text for quantitative 
variables and chi-square tests or Fisher’s exact test for 
qualitative variables, as appropriate. Significance was set 
at p<0.05 SPSS software (version 20.0; SPSS, Chicago, 
Illinois) was used for all analyses.

| RESULTS
During the study period, a total of 1250 patients (ex-
cluding those with fracture, luxation, or surgery) were 
evaluated in the rehabilitation department for shoulder 
pathology. Of these, 98 were diagnosed with adhesive 
capsulitis. Adhesive capsulitis was considered refractory 
to treatment after 34 weeks of mean period of intensive 
physical therapy in 14 patients, who were referred to 
the interventional radiology department as candidates 
for TAE; 5 patients decided not to undergo TAE. Thus, 
we studied 9 patients (median age, 47 (45-52) years; 6 
(66.7 %) women (Table 1). All patients were right-handed; 
adhesive capsulitis affected the left shoulder in 5 (55.6 %). 
None of the patients were actively working; 7 (77.8 %) 
were on temporary disability leave for adhesive capsulitis, 
and 2 were unemployed. The median time from onset 
to the first assessment at rehabilitation department 
was 28 (18-32) weeks, and all patients had undergone 
rehabilitative therapy (median duration, 8 (6-11) weeks).
Technical success was obtained in all patients. The em-
bolized arteries showed pathologic findings in selective 
angiography, as hypervascularized area, identified by early 
vascular filling, hyperemia, anomalous vessels, or early 
venous return. The procedure consisted of embolization 
of a single pericapsular artery in 1 (11.1 %) patient, of two 
arteries in 5 (55.6 %) patients, and of three arteries in 
3 (33.3 %) patients. The arteries that most frequently 
showed hypervascularization and early venous return 
were the anterior humeral circumflex and thoracoacromial 

Figure 2A. Angiogram before TAE shows hypervascular 
areas (black arrow) and early venous return (white arrow).

Figure 2C. Mixture of Imipenem and iodinated contrast 
solution before microcatheter embolization.

Figure 2B. Angiogram after TAE shows significant decrease 
in hypervascular areas (arrow).
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PATIENTS P value

1 2 3 4 5 6 7 8 9

Sex M M F F F F M F F

Age (years) 44 56 45 52 47 46 51 45 52

Diabetes No No Yes No No No Yes No No

Shoulder L R R R L L L R L

ROM (Degrees)

FLEXION

Active p < 0.003

Basal 90 100 80 110 90 100 110 110 110

One week 120 110 90 110 90 80 110 110 120

1 month 120 110 90 115 120 115 110 120 130

3 months 120 110 90 130 140 130 110 130 150

6 months 130 120 110 135 160 145

Passive p < 0.05

Basal 100 105 90 115 100 120 120 120 120

3 months 130 110 100 130 150 140 120 135 160

6 months 120 120 100 125 160 130

ABDUCTION p < 0.003

Active

Basal 85 80 90 110 60 100 160 105 125

One week 150 150 90 130 60 100 160 130 125

1 month 160 150 90 160 120 150 160 140 160

3 months 160 150 100 170 160 160 160 160 170

6 months 160 150 100 170 160 180

Passive p < 0.04

Basal 100 90 95 115 60 120 160 110 135

3 months 180 160 105 180 170 160 160 180 180

6 months 180 160 105 180 160 180

External rotation p < 0.014

Basal 50 40 20 50 20 60 40 45 50

One week 60 60 40 50 30 60 40 45 50

1 month 70 65 35 50 70 40 50 60 50

3 months 70 65 40 65 70 70 50 80 80

6 months 60 70 45 70 90 90

Internal rotation p < 0.022

Basal 40 20 30 65 0 40 15 45 20

One week 40 40 30 55 30 50 15 65 40

1 month 50 40 30 60 60 60 15 70 70

3 months 50 40 30 55 60 70 20 70 70

6 months 60 70 35 90 85 80

PAIN (VAS)

Night pain p < 0.017

Basal 0 3.5 6 3.6 5.8 1.2 7.5 2.8 1.5

One week 0 0 6 0 0 0.9 3.8 3.6 2.5

1 month 0 0 4 0 0 0.1 1.8 0 2

3 months 0 0 1 0 0 0.1 0 1.2 0

6 months 0 0 1.5 0 0 0.1

At rest during day p >0.52

Basal 0 0 0 3.2 0 5.2 0 0 0

One week 0 0 0 0 0 1.6 0 0 0

1 month 0 0 0 0 4.9 3.0 0 0 0

3 months 0 0 1.5 0 0 0 0 0 0

6 months 0 0 1.0 0 0.9

During activity p < 0.002

Basal 4 7.6 6 3 7.8 5 8.5 4.7 4.5

One week 0 3 5 2.2 1.4 4.8 5 4.2 3.5

1 month 0 0.9 4.1 2.6 1.8 1.6 6.3 3.5 3

3 months 0 1.1 4.2 0 1.8 1.6 0 0 1.5

6 months 0 1 3.7 0 1 0.5

FUNCIONALITY (QuickDASH Questionnaire)

QuickDASH p < 0.01

Basal 45 29 66 41 77 50 89 45 59

3 months 18 23 48 14 14 28 61 9 30

6 months 11 23 48 9 14 11

Table 1. Demographics data and clinical findings during follow-up (pre and post TAE). P value was calculated between basal 
and six month after TAE. Significant p <0.05. (M: male; F: female; R: right; L; left)

Combined transcatheter arterial embolization and rehabilitative treatment for adhesive capsulitis refractory…

Volumen 20 - Número 278



arteries; in 5 (55.6 %) patients, both these arteries were 
embolized and in 3 (33.3 %) patients one of these arteries 
was embolized together with other arteries that showed 
hyperemia. After embolization, all patients underwent 
rehabilitative therapy (mean duration, 10 (6-12) weeks). 
No adverse effects of TAE were observed during or after 
the procedure.

OUTCOME MEASUREMENTS
Range of motion
Statistically significant improvements with respect to the 
baseline measurements were observed in active flexion 
and abduction at all timepoints after TAE. Three months 
after TAE, active flexion had improved by 30 % (100 º 
± 11.18 basal vs.123.3 º ± 18.02 at three months after 
embolization) and active abduction by 60 % (101.66 º ± 

28.8 basal vs. 154.44 º ± 21.27 at three months) (Figure 3, 
A-B); moreover, passive flexion had improved by 12 % (110 
º ± 11.45 basal vs. 130.55 º ± 11.45 at three months) and 
passive abduction by 31.3 % (109.44 º ± 28.44 basal vs 
163.88 º ± 23.95 at three months).
Improvements in external rotation with respect to the 
baseline measurements (41.66 º ± 13.69) were observed 
at one week (48.33 º ± 10.6) (p=0.05), but this improve-
ment was significant only at three months (51.67 º ± 18.3), 
and six months (65.55º ± 13.09) after TAE (p<0.05), but 
measurements at three months and six months were not 
significantly different from those obtained one month 
after TAE. Significant improvements (p<0.05) in internal 
rotation with respect to the baseline measurements 
(30.55 º ± 19.27) were observed at all post-TAE timepoints 
(50.55 º ± 18.78 at one months, 51.66 º ±18.37 at three 

Figure 3. Comparisons of pain and in range of shoulder 
movement measured at different timepoints from baseline 
(before transcatheter arterial embolization) to 6 months 
after the procedure Figure 3A. Pain during rest.

Figure 3C. Pain during movement.

Figure 3B. Nighttime pain.

Figure 3D. Range of flexion.
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months and 70 º ± 20.2 at six months), with the exception 
of one week (40.55º ± 14.88) after the procedure (p=0.53). 
External rotation had improved by 20º at three months 
and 34º at six months; internal rotation had improved 
by 21º at three months and 40º at six months. (Figure 
3, C-D). Statistically significant improvements in active 
flexion (100 º ± 11.18 basal, 123.3º ± 18.02 at three months 
and 133.3 º ± 17.79 at six months) (p=0.003) and internal 
rotation (30.55 º ± 19.27 basal, 51.66 º ± 18.37 at three 
months and 70 º ± 20.2 at six months) (p=0.013) were 
observed between the measurements obtained at three 
months and six months.
Two patients were diabetic. One of these had no changes 
in angles of mobility after TAE and was referred for 
surgery; the other achieved only slight (10º) improve-
ments in flexion, abduction, and external rotation.

Pain
Pain decreased progressively after the procedure. Com-
paring VAS measurements at night and during activity 
showed that pain decreased significantly and progres-
sively until three months with respect to the baseline 
measurements (3.5 ±2.48 vs 0.25±0.48 and 5.67± 1.9 vs. 
1.13 ± 1.38, respectively; p<0.05); moreover, the decrease in 
pain during activity was evident from the first post-TAE as-
sessment one week after the procedure (3.23±1.75, p=0.011) 
(Figure 3E, 3F). In general, few changes were observed 
between VAS measurements three and six months after 
TAE. Improvements in pain measured at rest did not reach 
statistical significance in any of the periods (Figure 3G).

Functionality
Regarding functional movements, maximum posterior 
reach before TAE ranged from the level of the sacrum 
to the level of the L1 vertebra; three months after TAE, it 
ranged from L4 to T11, a nonsignificant trend toward im-
provement (mean difference 2.88 vertebral levels, range 
0-6). Anterior reach improved slightly non significant 
(p>0.05), but only between the baseline measurement 
and one week after TAE.
Statistically significant improvements in the quickDASH 
with respect to the baseline measurement (55.8±18.7) 
were observed three months after TAE (26.9± 17.3) 
(p=0.001) and six months after TAE (19.3±14.71,p=0.01). 
Improvement in the quickDASH between the measu-
rements three and six months after TAE did not reach 
statistical significance (p=0.1). (Figure 3H).

Patient satisfaction
Mean VAS for patients” satisfaction was 8.63 (range 4-10); 
the lowest score (VAS 4) was awarded by a diabetic patient.

Figure 3. Comparisons of pain and in range of shoulder 
movement measured at different timepoints from baseline 
(before transcatheter arterial embolization) to 6 months 
after the procedure Figure 3E. Range of abduction.

Figure 3F. Range of external rotation. Figure 3G. Range of internal rotation.
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| DISCUSSION
Some authors have postulated that adhesive capsulitis 
is a complex chronic inflammatory process in which 
pericapsular angiogenesis and neurogenesis trigger the 
formation of fibrotic tissue, leading to contracture of 
the glenohumeral capsule4,5. Berghs et al.18 found that 
patients with adhesive capsulitis had significant angioge-
nesis, especially in the rotator interval, and that arthros-
copic excision of neovessels resulted in early pain relief. 
Based on these reports, Okuno et al.25,26 used TAE to treat 
adhesive capsulitis in two studies. Earlier, in 2013, these 
authors published their experience in the use of TAE for 
pain relief in chronic enthesopathies and tendinopathies, 
later similar studies reflected TAE impact on patients 
with osteoarthritis of the knee20,31–37. With the exception 
of a randomized controlled trial conducted by Landers 
et al.33, these studies were all, like ours, observational.
The demographics characteristic of our group suggest that 
these results could be extrapolated to other studies18,20,25. 
Our results indicate the potential social repercussions of 
using TAE to treat adhesive capsulitis, because patients 
in our sample were on working age and 78 % of them 
were off work for disability resulting from this condition, 
who in our sample represents 78 % of them.
In our study, 14 patients were offered TAE to treat per-
sistent restricted mobility. Our inclusion criteria were 
based on ranges of mobility, not on pain scores, because 
shoulder pain can result from multiple conditions and 
may confound diagnosis in the initial stages of adhesive 
capsulitis, decreasing progressively in later stages, when 
the condition is characterized by decreased active and 
passive mobility4. In this sense, our study differs from 
Okuno et al.25,26 studies about adhesive capsulitis, in 

which TAE was proposed only for patients with pain 
(VAS>5). Moreover, unlike those authors, we did not 
exclude patients with partial tears of the rotator cuff, 
because partial tears are among the structural changes 
than can develop from adhesive capsulitis itself4,26.
In the present study, angiography before embolization 
showed hyperemic areas in all patients, indicating hypervas-
cularization that might be associated with the inflammatory 
process that leads to fibrosis in adhesive capsulitis7,38.
One noteworthy finding of our study is the decrease in 
pain during activity, seen from one week after TAE and 
continuing through the six-month follow-up period. This 
decrease enabled patients to better tolerate and adhere 
to rehabilitative treatment. Pain at night also decreased 
significantly from one month after TAE. Nocturnal pain, the 
most characteristic type of pain in patients with adhesive 
capsulitis, can affect the quality of life and have repercus-
sions in the emotional sphere39. Our patients” baseline 
scores for pain at rest were low; thus, there was little room 
for improvement, and this can explain the lack of statistically 
significant improvement in this symptom. Other authors 
have also reported improvements in pain after TAE, both in 
the short term (one week) and in the mid-term (six months), 
and different mechanisms have been suggested for these 
improvements32,34,37. Whereas early improvement could be 
related to a reduction in the stimulation of sensory nerves 
brought about by a decrease in the anomalous vasculari-
zation37, the progressive decrease in pain up to six months 
could be related to the suppression of proinflammatory 
mechanisms secondary to the occlusion of neovessels as 
well as to the natural history of adhesive capsulitis25,26,31,37.
Another interesting finding is the progressive impro-
vement in all ranges of movement throughout the six-
month follow-up period, especially the early improve-
ment in external rotation in the first week after TAE. 
Okuno et al.25,26 also found improvements in flexion and 
external rotation, but they did not assess other ranges 
of movement or anterior and posterior reach. Another 
difference between their studies and ours is that all our 
patients completed rehabilitative treatment before and 
after TAE; in our study the rehabilitation department 
selected patients to avoid bias in the results.
Using the quickDASH questionnaire, one of the most 
widely used instruments for assessing shoulder functio-
nality, we found improvements at three months and 
further improvements at six months. Okuno et al.25,26 used 
a different functional instrument, the American Shoulder 
and Elbow Surgeons scale, and also found improvements.
The two patients in our series who had diabetes showed Figure 3H. QuickDASH questionnaire scores.
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the worst response to treatment, in terms of ROM, and 
these outliers brought down the overall means. Adhesive 
capsulitis is more prevalent among diabetic patients, who 
have worse symptoms and are more prone to treatment 
failure than the general population6,19,40.
Residual limitations in function and/or pain have been 
reported after TAE or other treatments for adhesive 
capsulitis26,41. Although not all of the objective variables 
studied in our series improved, patient satisfaction was 
high (4 patients were rated their satisfaction as 10 on a 
0—10 scale), probably because of improvements in the 
range of movements that are most important in daily life.
After TAE, follow-up for at least six months is essential 
and follow-up for one year or more is recommendable. 
Although less than ideal, telephone follow-up can be 
acceptable to facilitate adherence. To date, the longest 
period of follow-up after TAE for adhesive capsulitis 
published is more than 12 months26.
No complications or adverse events were observed during or 
after TAE. Other studies have also found that TAE is safe with 
shorter hospital stays and lower costs than surgery25,26,31,36. 
During the six-month follow-up period, adhesive capsulitis 
did not recur in any of our patients, although we cannot 

rule out later recurrence. If symptoms were to recur in the 
same shoulder or appear in the contralateral shoulder, a 
second TAE procedure could be considered25,31.

LIMITATIONS OF THE STUDY
This study has various limitations. This single-center 
study included few patients, and the follow-up period 
was only six months. Moreover, we had no control group, 
thus, it is difficult to know to what extent patients” 
outcomes were influenced by the natural history of 
adhesive capsulitis. Well-designed multicenter studies 
with more patients and longer follow-up are necessary 
to confirm our findings.

| CONCLUSSIONS
In our series of patients with adhesive capsulitis refractory 
to conservative treatment, embolization of arterial bran-
ches in the shoulder capsule combined with early and 
intensive rehabilitation was effective treatment, bringing 
about early improvements in pain, degree of movement 
in all planes, functionality, and patient satisfaction, without 
significant complications. These results should provide 
hope for the treatment of this incapacitating condition.

| REFERENCES
1. Wong CK, Levine WN, Deo K, Kesting RS, Mercer EA, Schram 

GA, et al. Natural history of frozen shoulder: fact or fiction? A 
systematic review. Physiotherapy. 2017;103(1):40-7.

2. Jung TW, Lee SY, Min SK, Lee SM, Yoo JC. Does 
Combining a Suprascapular Nerve Block With an Intra-
articular Corticosteroid Injection Have an Additive 
Effect in the Treatment of Adhesive Capsulitis? A 
Comparison of Functional Outcomes After Short-term 
and Minimum 1-Year Follow-up. Orthop J Sports Med. 
2019;7(7):2325967119859277.

3. Chan HBY, Pua PY, How CH. Physical therapy in the 
management of frozen shoulder. Singapore Med J. 
2017;58(12):685-9.

4. Neviaser AS, Neviaser RJ. Adhesive capsulitis of the 
shoulder. J Am Acad Orthop Surg. 2011;19(9):536-42.

5. Andronic O, Ernstbrunner L, Jüngel A, Wieser K, Bouaicha 
S. Biomarkers associated with idiopathic frozen shoulder: a 
systematic review. Connect Tissue Res. 2019;1-8.

6. Whelton C, Peach CA. Review of diabetic frozen shoulder. Eur J 
Orthop Surg Traumatol Orthop Traumatol. 2018;28(3):363-71.

7. Tamai K, Akutsu M, Yano Y. Primary frozen shoulder: brief 
review of pathology and imaging abnormalities. J Orthop 
Sci Off J Jpn Orthop Assoc. 2014;19(1):1-5.

8. Wada T, Itoigawa Y, Yoshida K, Kawasaki T, Maruyama Y, 
Kaneko K. Increased Stiffness of Rotator Cuff Tendons in 

Frozen Shoulder on Shear Wave Elastography. J Ultrasound 
Med Off J Am Inst Ultrasound Med. 2019. doi: 10.1002/
jum.15078

9. Bang Y-S, Park J, Lee SY, Park J, Park S, Joo Y, et al. Value 
of Anterior Band of the Inferior Glenohumeral Ligament 
Area as a Morphological Parameter of Adhesive Capsulitis. 
Pain Res Manag. 2019;2019:9301970.

10. Ahn K-S, Kang CH, Kim Y, Jeong W-K. Diagnosis of adhesive 
capsulitis: comparison of contrast-enhanced MRI with 
noncontrast-enhanced MRI. Clin Imaging. 2015;39(6):1061-7.

11. Gokalp G, Algin O, Yildirim N, Yazici Z. Adhesive capsulitis: 
contrast-enhanced shoulder MRI findings. J Med Imaging 
Radiat Oncol. 2011;55(2):119-25.

12. Song KD, Kwon JW, Yoon YC, Choi S-H. Indirect MR 
arthrographic findings of adhesive capsulitis. AJR Am J 
Roentgenol. 2011;197(6):W1105-1109.

13. Ricci V, Özçakar L. Looking into the joint when it is 
frozen: A report on dynamic shoulder ultrasound. J Back 
Musculoskelet Rehabil. 2019;32(4):663-5.

14. Hand C, Clipsham K, Rees JL, Carr AJ. Long-term outcome 
of frozen shoulder. J Shoulder Elbow Surg. 2008;17(2):231-6.

15. Minns Lowe C, Barrett E, McCreesh K, de Búrca ND, Lewis 
J. Clinical effectiveness of non-surgical interventions for 
primary frozen shoulder: A systematic review. J Rehabil Med. 
2019; 51(8):539-556

Combined transcatheter arterial embolization and rehabilitative treatment for adhesive capsulitis refractory…

Volumen 20 - Número 282



16. Ozkan K, Ozcekic AN, Sarar S, Cift H, Ozkan FU, Unay K. 
Suprascapular nerve block for the treatment of frozen 
shoulder. Saudi J Anaesth. 2012;6(1):52-5.

17. Akhtar M, Nadeem RDA, Shah Gillani SF-H, Cheema OI, 
Nadeem MR. Comparison of intra articular NSAID (ketorolac) 
injection frente a hyaluronic acid injection for the mean 
decrease of pain score (according to UCLA shoulder rating 
scale) in the management of adhesive capsulitis. Pak J Pharm 
Sci. 2019;32(3):953-6.

18. Berghs BM, Sole-Molins X, Bunker TD. Arthroscopic release of 
adhesive capsulitis. J Shoulder Elbow Surg. 2004;13(2):180-5.

19. Boutefnouchet T, Jordan R, Bhabra G, Modi C, Saithna A. 
Comparison of outcomes following arthroscopic capsular 
release for idiopathic, diabetic and secondary shoulder 
adhesive capsulitis: A Systematic Review. Orthop Traumatol 
Surg Res OTSR. 2019;105(5):839-846

20. Okuno Y, Matsumura N, Oguro S. Transcatheter arterial 
embolization using imipenem/cilastatin sodium for 
tendinopathy and enthesopathy refractory to nonsurgical 
management. J Vasc Interv Radiol JVIR. 2013;24(6):787-92.

21. Vasanth LC, Foo LF, Potter HG, Adler RS, Finzel KC, Pavlov 
H, et al. Using magnetic resonance angiography to measure 
abnormal synovial blood vessels in early inflammatory 
arthritis: a new imaging biomarker? J Rheumatol. 
2010;37(6):1129-35.

22. Alfredson H, Ohberg L, Forsgren S. Is vasculo-neural 
ingrowth the cause of pain in chronic Achilles tendinosis? 
An investigation using ultrasonography and colour Doppler, 
immunohistochemistry, and diagnostic injections. Knee Surg 
Sports Traumatol Arthrosc Off J ESSKA. 2003;11(5):334-8.

23. Abate M, Silbernagel kg, Siljeholm C, Di Iorio A, De Amicis D, 
Salini V, et al. Pathogenesis of tendinopathies: inflammation or 
degeneration? Arthritis Res Ther. 2009;11(3):235.

24. Woodhams R, Nishimaki H, Ogasawara G, Fujii K, Yamane 
T, Ishida K, et al. Imipenem/cilastatin sodium (IPM/CS) as 
an embolic agent for transcatheter arterial embolisation: a 
preliminary clinical study of gastrointestinal bleeding from 
neoplasms. SpringerPlus. 2013;2:344.

25. Okuno Y, Oguro S, Iwamoto W, Miyamoto T, Ikegami H, 
Matsumura N. Short-term results of transcatheter arterial 
embolization for abnormal neovessels in patients with 
adhesive capsulitis: a pilot study. J Shoulder Elbow Surg. 
2014;23(9):e199-206.

26. Okuno Y, Iwamoto W, Matsumura N, Oguro S, Yasumoto T, 
Kaneko T, et al. Clinical Outcomes of Transcatheter Arterial 
Embolization for Adhesive Capsulitis Resistant to Conservative 
Treatment. J Vasc Interv Radiol JVIR. 2017;28(2):161-167.e1.

27. Angle JF, Siddiqi NH, Wallace MJ, Kundu S, Stokes L, Wojak 
JC, et al. Quality improvement guidelines for percutaneous 
transcatheter embolization: Society of Interventional Radiology 
Standards of Practice Committee. J Vasc Interv Radiol JVIR. 
2010;21(10):1479-86.

28. Costa C, Incio J, Soares R. Angiogenesis and chronic 
inflammation: cause or consequence? Angiogenesis. 
2007;10(3):149-66.

29. Mapp PI, Walsh DA. Mechanisms and targets of 
angiogenesis and nerve growth in osteoarthritis. Nat Rev 
Rheumatol.2012;8(7):390-8.

30. Franchignoni F, Vercelli S, Giordano A, Sartorio F, Bravini 
E, Ferriero G. Minimal clinically important difference of the 
disabilities of the arm, shoulder and hand outcome measure 
(DASH) and its shortened version (QuickDASH). J Orthop 
Sports Phys Ther. 2014;44(1):30-9.

31. Iwamoto W, Okuno Y, Matsumura N, Kaneko T, Ikegami H. 
Transcatheter arterial embolization of abnormal vessels as a 
treatment for lateral epicondylitis refractory to conservative 
treatment: a pilot study with a 2-year follow-up. J Shoulder 
Elbow Surg. 2017;26(8):1335-41.

32. Okuno Y, Korchi AM, Shinjo T, Kato S, Kaneko T. Midterm 
Clinical Outcomes and MR Imaging Changes after 
Transcatheter Arterial Embolization as a Treatment for Mild 
to Moderate Radiographic Knee Osteoarthritis Resistant 
to Conservative Treatment. J Vasc Interv Radiol JVIR. 
2017;28(7):995-1002.

33. Landers S, Hely A, Harrison B, Maister N, Hely R, Lane SE, 
et al. Protocol for a single-centre, parallel-arm, randomised 
controlled superiority trial evaluating the effects of 
transcatheter arterial embolisation of abnormal knee 
neovasculature on pain, function and quality of life in people 
with knee osteoarthritis. BMJ Open. 2017;7(5):e014266.

34. Hwang JH, Park SW, Kim KH, Lee SJ, Oh K-S, Chung SW, et 
al. Early Results of Transcatheter Arterial Embolization for 
Relief of Chronic Shoulder or Elbow Pain Associated with 
Tendinopathy Refractory to Conservative Treatment. J Vasc 
Interv Radiol JVIR. 2018;29(4):510-7.

35. Goldman DT, Piechowiak R, Nissman D, Bagla S, Isaacson A. 
Current Concepts and Future Directions of Minimally Invasive 
Treatment for Knee Pain. Curr Rheumatol Rep.2018;20(9):54.

36. Filippiadis D, Charalampopoulos G, Mazioti A, Alexopoulou 
E, Vrachliotis T, Brountzos E, et al. Interventional radiology 
techniques for pain reduction and mobility improvement 
in patients with knee osteoarthritis. Diagn Interv Imaging. 
2019;100(7-8):391-400.

37. Okuno Y, Korchi AM, Shinjo T, Kato S. Transcatheter arterial 
embolization as a treatment for medial knee pain in patients 
with mild to moderate osteoarthritis. Cardiovasc Intervent 
Radiol. 2015;38(2):336-43.

38. Ko J-Y, Wang F-S. Rotator cuff lesions with shoulder stiffness: 
updated pathomechanisms and management. Chang Gung 
Med J. 2011;34(4):331-40.

39. Ebrahimzadeh MH, Moradi A, Bidgoli HF, Zarei B. The 
Relationship between Depression or Anxiety Symptoms and 
Objective and Subjective Symptoms of Patients with Frozen 
Shoulder. Int J Prev Med. 2019;10:38.

40. Bell S, Coghlan J, Richardson M. Hydrodilatation in the 
management of shoulder capsulitis. Australas Radiol. 
2003;47(3):247-51.

41. Farrell CM, Sperling JW, Cofield RH. Manipulation for 
frozen shoulder: long-term results. J Shoulder Elbow Surg. 
2005;14(5):480-4.

Ciampi-Dopazo JJ, Puentes-Gutierrez A, Marquina-Valero MA, Sanchez-Casado M, Lanciego-Pérez C

Volumen 20 - Número 2 83


