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Abstract

Objective: To determine the efficacy of prolotherapy for refractory rotator cuff disease.

Design: Retrospective case-control study.

Setting: University-affiliated tertiary care hospital.

Participants: Patients with nontraumatic refractory rotator cuff disease (NZ151) who were unresponsive to 3 months of aggressive conservative

treatment. Of the patients, 63 received prolotherapies with 16.5% dextrose 10-ml solution (treatment group), and 63 continued conservative

treatment (control group).

Interventions: Not applicable.

Main Outcome Measures: Visual analog scale (VAS) score of the average shoulder pain level for the past 1 week, Shoulder Pain and Disability

Index (SPADI) score, isometric strength of the shoulder abductor, active range of motion (AROM) of the shoulder, maximal tear size on

ultrasonography, and number of analgesic ingestions per day.

Results: Over 1-year follow-up, 57 patients in the treatment group and 53 in the control group were analyzed. There was no significant difference

between the 2 groups in age, sex, shoulder dominance, duration of symptoms, and ultrasonographic findings at pretreatment. The average number

of injections in the treatment group is 4.8�1.3. Compared with the control group, VAS score, SPADI score, isometric strength of shoulder

abductor, and shoulder AROM of flexion, abduction, and external rotation showed significant improvement in the treatment group. There were no

adverse events.

Conclusions: To our knowledge, this is the first study to assess the efficacy of prolotherapy in rotator cuff disease. Prolotherapy showed

improvement in pain, disability, isometric strength, and shoulder AROM in patients with refractory chronic rotator cuff disease. The results

suggest positive outcomes, but one should still take caution in directly interpreting it as an effective treatment option, considering the limitations

of this nonrandomized retrospective study. To show the efficacy of prolotherapy, further studies on prospective randomized controlled trials will be

required.
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Prolotherapy is an injection therapy for chronic painful musculo-
skeletal conditions. It involves the injection of small volumes of an
irritant agent, most commonly a hyperosmolar dextrose solution, at
multiple painful tendon and ligament insertions where they con-
nect to bone, over several treatment sessions.1 The injection of an
irritant solution initiates an inflammatory cascade at the site of
injection, which causes fibroblast proliferation and subsequent
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collagen synthesis, resulting in a stronger tendon or ligament.2

Although many different solutions have been used throughout
the last 100 years that prolotherapy has been in practice,1 the
most commonly studied and reported agents are hyperosmolar
dextrose, phenol-glycerine-glucose, and morrhuate sodium.3

Phenol-glycerine-glucose is no longer used, but it was included
in most earlier published trials. Hyperosmolar dextrose appears to
be the most commonly used agent today, with morrhuate sodium
used slightly less often.4 There is promising recent evidence for
prolotherapy, with hyperosmolar dextrose in treating painful
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tendinopathies. It has been used clinically for multiple tendino-
pathies and has been studied for the treatment of lateral epi-
condylitis,5,6 Achilles tendinopathy,7,8 plantar fasciitis,9 and hip
adductor tendinopathy.10 However, there are few studies that report
the efficacy of prolotherapy for rotator cuff disease. The aim of this
study is to evaluate the efficacy of prolotherapy as a therapeutic
option for nontraumatic chronic refractory rotator cuff disease.
Methods

Participants

This is a retrospective case-control study. After institutional re-
view board approval, a retrospective review of the medical records
of patients who were diagnosed with nontraumatic chronic rotator
cuff disease (tendinosis, partial and full thickness tears) between
January 2009 and August 2014 were reviewed. They were out-
patients at rehabilitation and orthopedic clinics of the university
hospital. All patients underwent a standardized history, physical
examination, and ultrasonographic evaluation. We also carried out
active and passive range of motion, painful arc/impingement test,
resisted test, strength of muscles, and checked for tenderness and/or
swelling of the lesion in the affected shoulder. Inclusion criteria
included the following: (1) duration of symptoms>3months; (2)>40
years of age; (3) having a painful arc, positive impingement test,
or resisted test; and (4) correlation between physical examination
and ultrasonography or magnetic resonance imaging. Exclusion
criteria included the following: (1) presence of other obvious
shoulder pathology (eg, fracture, rheumatic diseases, adhesive
capsulitis); (2) referred pain from the neck suggestive of cervical
radiculopathy; (3) prior surgery to either the shoulder or neck
region; (4) active inflammation on ultrasonography, fluid in biceps
tendon sheath, and/or subacromial bursa; (5) calcific tendinitis;
and (6) recent history of trauma at shoulder.

Ultrasonography was performed by a board certified physiatrist
(S.-H.Y.) with >9 years of experience in musculoskeletal rehabili-
tation and ultrasound-guided injections and a musculoskeletal
radiologist (K.-S.K.) with ultrasound equipment (HD 11XE a; Logiq
P6b) using a 10- to 13-MHz linear array transducer. Rotator cuff
tendon pathologies were described as follows: tendinosis, partial
thickness tear, or full thickness tear. When a rotator cuff tear was
detected on ultrasonographic examination, its type (full or partial
thickness), location, and size were recorded. Decisions regarding
imaging interpretation were based on the findings of previously
published studies.11 Long- and short-axis scans from the rotator
cuff, subacromial bursa, and biceps tendon were obtained.

There were 1816 patients who were diagnosed to have rotator
cuff disease and underwent conservative treatment for at least 3
months before the prolotherapy (fig 1). We prescribed analgesics,
including nonsteroidal anti-inflammatory drugs, acetaminophen/
tramadol, opioids, tricyclic antidepressants, and fentanyl patch.
They also did institutional flexibility and strengthening exercises
of the shoulder girdle and rotator cuff with physical therapists 1 or
2 times a week for 4 to 8 weeks and were educated to do the same
exercises at home.12,13 Patients who could not accommodate
List of abbreviations:

AROM active range of motion

SPADI Shoulder Pain and Disability Index

VAS visual analog scale
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regular exercise at the hospital were given education by physical
therapists at each outpatient follow-up and educational leaflets.
Also, for oral analgesics, if the visual analog scale (VAS) score
was �5, ultrasonography-guided suprascapular nerve block with
triamcinolone acetonide 10mg and 1% lidocaine 9cc was given.

In case of periarticular inflammation (eg, increased fluid in
subacromial bursa or biceps tendon sheath, definite impingement
on dynamic ultrasound examination), ultrasonography-guided
subacromial corticosteroid injection with triamcinolone aceto-
nide 20mg and 1% lidocaine 3cc was administered at up to a
maximum of 2 injections. Because corticosteroid injection may
lead to temporary weakening of the tendon,14 patients refrained
from rotator cuff strengthening exercises for 3 weeks and allowed
only flexibility exercises. After 4 weeks, they started the rotator
cuff progressive strengthening exercises.

Despite conservative treatments, if the patients still complained
of continued shoulder pain with scores �5 on a VAS of the
average shoulder pain level for the past 1 week, we recommended
prolotherapy and explained its indications and complications.
Patients were free to choose either the prolotherapy or other
treatment options. Among 151 patients with refractory rotator cuff
disease, 63 opted for prolotherapy (treatment group), and 88 opted
for some other treatment. Reasons for opting other treatment
included needle phobia (nZ43, 48.9%), cumbersome visits and
number of injections (nZ18, 20.5%), not enough clinical results
to guarantee efficacy (nZ11, 12.5%), concerns about having more
pain after prolotherapy (nZ5, 5.7%), financial burden (nZ2, 2.3%),
and no response or uncharted/unknown (nZ9, 10.2%).

Sixty-three patients were willing to take conservative treatment
without prolotherapy were selected as control group matching
demographic characteristics. The 2 groups were then compared in
terms of treatment efficacy.

Prolotherapy injection

Participants sat in an upright position, and the arms were posi-
tioned behind their backs with internal rotation and hyperexten-
sion of shoulder and the elbow bent for longitudinal supraspinatus
view. Ultrasonography was used to locate and mark the pressure
pain site that overlaps with the rotator cuff disease. Next, an in-
direct injection technique was applied; ultrasonography was used
to establish the puncture site and depth of the target but not to
guide the advancement of the needle.11 The physiatrist (S.-H.Y.)
injected 16.5% dextrose 10ml solution (mixture of 20% dextrose
8cc and 1% lidocaine 2ml) with a 25-gauge 3.5-cm needle into 8
to 12 points of the supraspinatus (and subscapularis) tendon(s).
After prolotherapy, the patients were asked to avoid nonsteroidal
anti-inflammatory drugs so that it would not interfere with the
healing process. The injections were administered at weeks 0, 2,
and 5 and then every 4 weeks thereafter. Injection was dropped
when (1) the level of pain reduced at least to half compared with
preinjection, (2) patients reached the maximum 8 rounds of in-
jections, or (3) patients wanted to withdraw from the treatment.

Outcome measurements

The VAS score, Shoulder Pain and Disability Index (SPADI)
score, isometric strength of the shoulder abductor, shoulder active
range of motion (AROM), maximum tear size on ultrasonography,
and number of analgesic ingestions per day were compared for
preinjection and 1 year postinjection. All outcome measurements
were evaluated by the board certified physiatrist (S.-H.Y.).
www.archives-pmr.org

a de Tabasco de ClinicalKey.es por Elsevier en febrero 14, 2019.
ón. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.

http://www.archives-pmr.org


Diagnosis of  rotator cuff disease, n=816

Analyzed, n=57

Pain improved, n=582
Arthroscopic surgery, n=16
Loss of follow-up, n=67

Institutional exercise, n=259
Oral and topical analgesics, n=495
Suprascapular nerve block, n=382

Subacromial corticosteroid injection, n=244
(Duplicated counts for multiple treatments)  

Allocated to treatment group, n=63
- Received prolotherapy

Pain continued or recurred, n=151
(refractory rotator cuff disease)

Analyzed, n=53

Corticosteroid injection, n=2
Prolotherapy with PDRN, n=2
Treatment at other clinics, n=6

Arthroscopic surgery, n=4
Acupuncture or herbal medicine, n=1
ESWT, n=1

Allocated to control group, n=63
- Continued conservative treatment

Corticosteroid injection, n=2
Treatment at other clinics, n=4

Arthroscopic surgery, n=3
ESWT, n=1

Fig 1 Flow diagram indicating progress of subjects through the study. Abbreviations: ESWT, extracorporeal shock wave therapy; PDRN,

polydeoxyribonucleotide.
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A VAS from 0 (no pain) to 10 (worst imaginable pain) was
used to assess pain. The patient answered the question, “With
respect to the worst pain you have experienced in your life, what
was the average level of your shoulder pain in the last 1 week?” by
placing a mark somewhere along the line. The SPADI is a self-
reporting questionnaire for patients with shoulder pain, which
consists of 13 questions that are divided into 2 domains: pain (5
items) and disability (8 items).15 Each domain score is equally
weighted and added to obtain a total percentage score between the
range of 0 (best) and 100 (worst). Shoulder AROM was measured
using a goniometer for forward flexion, internal rotation, external
rotation, and abduction of the shoulder in a standing position.
Patients were asked to move their shoulders slowly, and the angle
at onset of pain was measured 3 times to record the median value.
Forward flexion and abduction were measured with the palm
down. External and internal rotations were measured in 90�

abduction of the shoulder and 90� flexion of the elbow position.
Isometric strength of the shoulder abductor was measured using a
digital handheld dynamometer (MicroFet2).c The patient was
tested at 90� of abduction in the scapula plane with the thumb
down. Then the transducer pad was put on top of the patient’s
elbow, and the patient was asked to raise his or her arm with as
much force as possible. The force was measured 3 times to record
the median value. In case of partial and full thickness tear on
ultrasonography, we measured the maximal tear size on longitu-
dinal and transverse views. A straight line was used to visualize
the distance between the margins of the cuff tear on the transverse
and longitudinal view.16
www.archives-pmr.org
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The number of analgesic ingestions per day was measured
based on the average number of analgesics the patients had taken
per day during the last 1 week.

Statistical analysis

After a normality test, within- and between-group comparisons
were conducted at baseline and 1-year follow-up using paired and
independent t tests. Significance was accepted for P<.05. Statis-
tical analyses were performed using SPSS version 22.d
Results

The average number of injections was 4.8�1.3 at final analysis of
57 patients with refractory rotator cuff disease (treatment group);
injections occurred 3 times in 7 patients, 4 times in 21 patients, 5
times in 14 patients, 6 times in 8 patients, 7 times in 5 patients,
and 8 times in 2 patients. Prolotherapy was applied at different
sites, including the supraspinatus tendon only in 48 patients;
supraspinatus and subscapularis tendons in 5 patients; supra-
spinatus and biceps tendons in 2 patients; and supraspinatus,
subscapularis, and biceps tendons in 2 patients. Initial ultraso-
nography found rotator cuff tendinosis, partial thickness tear, and
full thickness tear in 31, 17, and 9 patients, respectively (table 1).
The control group included 53 patients who could continue con-
servative treatment without prolotherapy and had baseline char-
acteristics similar to that of the treatment group. There were no
ma de Tabasco de ClinicalKey.es por Elsevier en febrero 14, 2019.
ción. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.
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Table 1 Baseline characteristics of patients

Characteristic

Treatment

Group

(nZ57)

Control

Group

(nZ53) P

Age (y) 54.1�7.8 55.8�6.6 .23*

Sex, men:women 23:34 17:36 .90*

Shoulder affected, dominant:

nondominant

35:22 28:25 .36y

Duration of symptoms (mo) 13.2�3.1 14.0�2.5 .17*

No. of injections 4.8�1.3

Prolotherapy injection

location

Supraspinatus tendon only 48

Supraspinatus and

subscapularis tendons

5

Supraspinatus and biceps

tendons

2

Supraspinatus,

subscapularis, and

biceps tendons

2

Ultrasonographic finding

of rotator cuff lesion

.33y

Tendinosis 31 36

Partial thickness tear 17 12

Full thickness tear 9 5

NOTE. Values are expressed as n, mean � SD, or as otherwise indicated.

* Independent t test for between-group comparison (P<.05).
y Chi-square test for between-group comparison (P<.05).

Table 2 Changes of outcome measurements after prolotherapy

Outcome Measurement

Treatment

Group

(nZ57)

Control

Group

(nZ53) P*

VAS score

Month 0 6.3�1.0 6.1�1.2 .32

Month 12 2.7�1.0 4.6�1.4 <.001

SPADI score

Month 0 69.4�9.2 67.6�9.4 .30

Month 12 43.8�11.6 51.1�14.4 .004

Isometric strength

of abductor, kgf

Month 0 9.1�4.0 10.4�3.6 .09

Month 12 14.1�3.9 11.8�4.0 .003

Flexion

Month 0 158.5�13.5 153.0�15.9 .05

Month 12 169.1�11.7 163.1�16.9 .03

Abduction

Month 0 140.1�24.2 142.5�23.8 .60

Month 12 165.5�16.7 153.1�27.1 .005

Internal rotation

Month 0 42.1�18.4 41.8�17.1 .93

Month 12 58.3�19.8 54.9�19.6 .36

External rotation

Month 0 77.4�13.5 74.0�16.5 .25

Month 12 86.8�13.9 81.0�14.1 .03

Maximal tear

size, mm

Month 0 3.4�1.5 2.8�0.9 .06

Month 12 3.1�1.3 3.0�0.9 .77

No. of analgesic

ingestions

per day

Month 0 2.8�0.9 2.8�1.0 .86

Month 12 0.6�0.8 0.8�1.0 .22

NOTE. Values are expressed as mean � SD or as otherwise indicated.

* Independent t test for between-group comparison (P<.05).
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statistical differences between the 2 groups in baseline charac-
teristics, including age, sex, dominancy of shoulder, duration of
symptoms, and ultrasonographic findings of rotator cuff lesion.

In within-group comparison, the control group showed an
improvement in VAS score, SPADI score, isometric strength, and
shoulder AROM; decrease in the number of analgesic ingestions;
and increase in the maximal tear size, whereas the treatment group
showed an improvement in VAS score, SPADI score, isometric
strength, shoulder AROM; decrease in the number of analgesic in-
gestions; and no change in the maximal tear size. In between-group
comparison, the treatment group showed improvement in VAS
score, SPADI score, isometric strength, and shoulder AROM of
flexion, abduction, and external rotation compared with the control
group. There were no differences in the number of analgesics taken
and maximal tear size (table 2). There were no adverse events re-
ported (eg, bleeding, infection, cellulitis, septic joint).
Discussion

To our knowledge, this is the first study to evaluate the efficacy of
prolotherapy in rotator cuff disease. In this retrospective study of a
minimum 1-year follow-up, prolotherapy was used (4.8 times on
average) to treat patients who had chronic refractory rotator cuff
disease but failed conservative treatments. The treatment group
showed improvement in VAS score, SPADI score, isometric
strength of shoulder abductor, and shoulder AROM of flexion,
abduction, and external rotation compared with the control group.
The result showed improvement not only in subjective outcome
measurements but also objective functional outcomes (eg,
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isometric strength, shoulder AROM). In the treatment group, the
tendon tear size reduced; however, it was not statistically signif-
icant in posttreatment compared with pretreatment.

The treatment of rotator cuff disease revolves around con-
trolling pain because pain is the limiting factor for activity. If the
rotator cuff disease is chronic or degenerative, nonoperative and
conservative management, including exercise, physical modalities
(therapeutic ultrasound, low-intensity laser, transcutaneous elec-
trical nerve stimulation), oral analgesics, and corticosteroid in-
jection, were performed as primary treatment.17 Despite the
developments made in conservative management, overuse rotator
cuff disease often remains difficult to manage successfully in the
longer term. Through long-term follow-up, this study has shown
the potential usefulness of prolotherapyddespite it being a con-
servative therapydin some patients with chronic pain.

Despite its long history and broad use as a form of comple-
mentary treatment, the mode of action for hyperosmolar dextrose
is unclear. Although there are controversies over its optimal in-
dications, many studies have reported the use and efficacy of
prolotherapy for various musculoskeletal conditions, particularly
in the treatment of chronic low back pain. Recent studies have also
www.archives-pmr.org
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examined its use in the treatment of refractory tendinopathies,
particularly for lateral epicondylitis5,6 and Achilles tendinop-
athy.7,8 Two systematic reviews concluded that moderate evidence
exists to support the use of prolotherapy injections in the man-
agement of pain in lateral epicondylitis.18,19 Given the similar
pathologic findings of tendinopathies in different anatomic loca-
tions, the researchers believe that it is reasonable to try prolo-
therapy for other, less studied tendinopathies when first-line
treatments fail.20

This study showed the efficacy of prolotherapy over the year
by enrolling a large number of patients with chronic rotator cuff
disease with no progress in pain despite 3 months of aggressive
conservative treatments.

Study limitations

The greatest limitation of this study lies in the fact that it is a
retrospective study and that the group allocation was not ran-
domized. Patients chose to take the therapy according to their own
will, and no randomization process was involved. Therefore, the
study has low validity of the statistical tests used to demonstrate
significance and fails to minimize confounding and poten-
tial biases.
Conclusions

This study looked into the option of prolotherapy as an alternative
treatment for rotator cuff disease. Although the authors believe
prolotherapy can be an option for patients with refractory chronic
rotator cuff disease who showed no response to other treatments,
one must take cautionary steps in interpreting the result, consid-
ering the limitations of this study. Even though the study suggests
positive outcomes after prolotherapy, more evidence is required
before applying it directly in clinical practices. To show the effi-
cacy of prolotherapy, further studies on prospective randomized
controlled trials will be required to overcome the limitations
mentioned in the discussion.
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