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Abstract

Objective: To evaluate the effect of high-dose prednisolone on the functional outcome of
patients with early-stage primary frozen shoulder.

Methods: Eighteen patients treated with oral prednisolone at an initial dose of | mg/kg/day for
primary frozen shoulder were retrospectively evaluated. The patients’ range of motion,
Disabilities of the Arm, Shoulder, and Hand (DASH) score, Constant—Murley score, American
Shoulder and Elbow Surgeons (ASES) score, and visual analog scale score were recorded at
baseline and at 4 weeks and 6 months after treatment.

Results: Rapid recovery of shoulder motion was noted at 4 weeks with the exception of
abduction, which was maintained at 6 months. Significant improvement in pain perception and
the Constant—Murley score was evident at 4 weeks and extended to 6 months. The DASH and
ASES scores did not show significant improvement in the first 4 weeks but were significantly
improved at 6 months.

Conclusion: High-dose oral prednisolone treatment provides rapid symptom resolution that
persists long after drug discontinuation. The early treatment period is characterized by marked
reduction in pain and rapid recovery of shoulder motion. Improvements in functional outcomes
and disability indices tend to be more subtle in the early period but significantly improve during
late treatment.
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Introduction

Frozen shoulder, often referred to as adhe-
sive capsulitis, stiff shoulder, or scapulo-
humeral periarthritis, is a debilitating
condition of the shoulder characterized by
serious restriction in both active and passive
joint motion."* Although the condition
itself is a self-limiting disease with mild
residual disability, it follows a protracted
course and has profound effects on daily
living during the course of disecase
progression.’

Most affected patients have primary idi-
opathic frozen shoulder with no identified
underlying cause. Those with predisposing
metabolic disease such as diabetes mellitus
or with a primary pathology in the shoulder
prior to the development of adhesive capsu-
litis are considered to have secondary
frozen shoulder.®’ Tertiary frozen shoulder
arises as a grave complication of fracture
treatment in the shoulder girdle or rotator
cuff repair and may occur despite early
rehabilitation.

The disease process follows three stages
based on clinical findings.® The initial phase
is the “painful” stage and might last for
months. It is characterized by persistent
pain that is evident even at rest. As the
pain wanes, the shoulder gradually becomes
stiffer and patients enter the “stiffness”
stage. The final stage (i.e., the “recovery”
phase) is characterized by resolution of
symptoms and may extend into a 2- to 3-
year time span.”'°

The treatment of frozen shoulder is
generally conservative. Oral nonsteroidal

anti-inflammatory drugs, intra-articular or
oral glucocorticoids, narcotic analgesics,
physical therapy, capsular distention, and
interscalene block-assisted physical therapy
may be used.'"!'? Surgical treatment is gen-
erally reserved for patients who do not
respond to conservative treatment. The
final long-term results are similar between
different treatment modalities and no treat-
ment at all, suggesting the concept of super-
vised neglect as an option."?

Use of glucocorticoids as disease-
modifying agents has long been established
with improvements in range of motion
(ROM), pain management, and functional
outcomes in the early phase.”'* Patients are
likely to benefit from both the anti-
inflammatory properties of the drug on
synovial tissue and from the antifibrotic
effects during collagen remodeling.'
Intra-articular and periarticular injections
are the most common routes of administra-
tion of glucocorticoids for frozen shoul-
der 1619

Reports on oral use of drugs in the treat-
ment of frozen shoulder are very rare, with
fewer than 10 studies published since the
initial paper by Blockey et al.'* in 1954.
The methodologies in these reports are far
from uniform, using different outcome
measures and alternating forms of steroids
with different potencies and dosages.
Although this makes interpreting the effica-
cy of different glucocorticoids and dose reg-
imens rather inconclusive, a pattern of
rapid recovery in the early treatment
period is  well established.> 4292
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Earlier reports indicate a slowing down of
improvement or even a setback with
rebound of symptoms after cessation of
the drug.>'*?' Recent studies by Canbulat
et al.’ and Lorbach et al.?*> showed that
the improvements may be maintained
with higher doses and gradual tapering
of the drug.

Although oral glucocorticoids can be
safely used up to a 1-mg/kg dose equivalent
of prednisolone for inflammatory disease,
the maximum daily dose reported in the lit-
erature for treatment of frozen shoulder is
40 mg/day>* #1323 (Table 1). We
designed this retrospective study to evaluate
the effect of high-dose oral prednisolone, an
intermediate-acting corticosteroid, on func-
tional outcomes of patients with early-stage
primary frozen shoulder and to report the
adverse effects.

Materials and methods

Patients who were treated with high-dose
oral glucocorticoids for frozen shoulder
from 1 January 2017 and 31 July 2019 in
our institution were retrospectively evaluat-
ed. Following approval from the institu-
tional review board (decision number
2020-1/50), patient records were retrieved
and analyzed. The study was conducted in
accordance with the principles set forth in
the Helsinki Declaration 2008 and con-
forms to the STROBE statement.’*
Informed consent was not required because
of the retrospective nature of the study. The
inclusion criteria were primary frozen
shoulder with persistent pain at rest for
the last 2 months, the “painful” stage of
the disease, >75% loss of shoulder motion
in any two directions, and age of >18 years.
The exclusion criteria were the mid to late
stages of the disease, secondary or tertiary
frozen shoulder, contraindications to gluco-
corticoid use (e.g., peptic ulcer, hyperten-
sion, or diabetes mellitus), degenerative
changes in the shoulder joint, history of

surgery or fracture in the shoulder girdle,
<6 months of follow-up, pregnancy, and
lack of compliance with the treatment
algorithm.

Patients’ active and passive ROM, pain
at rest, and functional status prior to treat-
ment; at 4 weeks and 6 months after treat-
ment; and at the last follow-up were noted.
Any adverse effects that necessitated termi-
nation of medication and patients whose
condition did not respond to treatment
and thus required surgery were noted.

Diagnosis

Diagnosis of frozen shoulder was made
clinically. Patients with severe restriction
of Dboth active and passive shoulder
motion were considered to have frozen
shoulder. Patients were questioned about
the course of their symptoms to verify the
stage of the disease. Plain radiographs; obli-
que, axillary, and outlet radiographs; and
magnetic resonance imaging scans were
used for differential diagnosis.

Treatment

The patients were started on oral predniso-
lone (Deltacortril® tablet 5 mg; Pfizer,
Istanbul, Turkey) at 1 mg/kg/day divided
into two separate doses (twice a day) for
the first 3 days. The daily dose was tapered
in decrements of 10 mg every 3 days. The
last three doses were given as single regimen
at night. The daily and total doses for an
80-kg adult and the medication protocol are
outlined in Table 2. Proton pump inhibitors
and calcium/vitamin D supplements were
begun to prevent gastrointestinal symptoms
and osteopenia, and patients were put on a
low-salt and low-sugar diet. Patients were
also instructed to begin a home exercise
program involving pendulum swings for
10 minutes three times a day. After 2
weeks, active-assisted exercise (mainly
finger walking up the wall with the support



Journal of International Medical Research

SeaM T Joye Aep/8w og
3w 0g9 SHOOM § Aep/3w | 031 paanpau aso Aep/8w o¢ ‘auojosiupaJd 1z B3 u3yD
Aep/3w g
3w 0g9 Seam ¢ SuoN| Kep/3w g ‘auojosiupa.g e 3@ Japuiqydng
>[99M puOodas Byl Jse
sAep 7 A4aAd 3w g7 Jo
SJUBWIBIDAP Ul puUe sAep ¢ Ja)e Aep/3w 00T
3w 00g SHOM § 3w | 03 paonpau asoq Aep/8w of ‘9181908 SUOSII0D) o 1B 39 Aa>ppo|g
sAep g 1se| Y2 IO}
3w g pue sAep g yoes Aep/3w (o
3w §z5 sAep T 3w | Aq paseaudap asoq Aep/8w of ‘auojosiupa.d 7 |& 3@ YoeqIo]
oam SuImoj|o} yoes Aep/8w 7| Z-muels pue
3w 0|t SPOM ¢ 8w § Aq pasea.adap asoq Aep/Sw g| ‘Quojounwell| OD[SWES-1INISBIPIAA
oM Suimoy|oy Aep/8/3w g0
3w gg¢ S)OM yoea paAJey aso( Aep/35/3w 970 ‘auojosiupaudjAyasly o I& 39 3g|nque)
(auajeainba uoneJnp yo-uade] usjeAinbs asop pue 3nuQg sioyiny
auojosiupaud) |elol auo|osiupa.d
9sop [e10].

“J9P|NOYS USZO.} JO JUSWIEAI] 1O} SPIOJNI0D0N|S [BJO JO s °| d|qel



Atici et al.

Table 2. Medication protocol for an 80-kg patient.

Dose Administration protocol

80 mg/day 40 mg (eight 5-mg tablets) twice a day for the first 3 days
70 mg/day 35 mg (seven 5-mg tablets) twice a day for 3 days

60 mg/day 30 mg (six 5-mg tablets) twice a day for 3 days

50 mg/day 25 mg (five 5-mg tablets) twice a day for 3 days

40 mg/day 20 mg (four 5-mg tablets) twice a day for 3 days

30 mg/day I5 mg (three 5-mg tablets) twice a day for 3 days

20 mg/day 10 mg (two 5-mg tablets) twice a day for 3 days

10 mg/day 10 mg (two 5-mg tablets) in the morning for 3 days

Total dose: 1080 mg

Total time: 24 days

of the healthy arm) was added to the rcha-
bilitation protocol. No aggressive physical
therapy was advised because such therapy
has not been shown to be superior to mild
exercise. The main aim of home therapy
was to gradually regain shoulder mobility
without exacerbating symptoms. Patients
were prescribed tramadol hydrochloride
37.5 mg/acetaminophen 325 mg (Zaldiar®
tablet; Abdi Ibrahim, Istanbul, Turkey)
and were instructed to use this medication
if the exercises induced pain that was severe
enough to require medication.

Outcome measurement

Three patient-reported outcome measures
were used to assess the patients’ response
to treatment: the Disabilities of the Arm,
Shoulder, and Hand (DASH) score, the
American Shoulder and Elbow Surgeons
(ASES) score, and the Constant—Murley
(CM) score. The DASH questionnaire is a
frequently used questionnaire that was
developed in 1996 as a collaboration
among the American Academy of
Orthopedic Surgeons, the Council of
Musculoskeletal Specialty Societies, and
the Institute for Work and Health
(Toronto, Ontario).”> It focuses on the
effect of underlying conditions on the func-
tion of the entire limb. The cumulative
result is scaled from 0 to 100, with 100

indicating maximum disability. It is
completely self-assessed and relies on the
patients’ perceived disability in their activi-
ties of daily living. The ASES score is a
shoulder-specific outcome measurement
tool adopted by the American Shoulder
and Elbow Surgeons Research Committee
and published by Richards et al.*® in 1994,
It has both patient self-evaluation and phy-
sician assessment sections, although only
the patient-reported section is included in
the final score. The ASES score has found
widespread usage in documentation of both
baseline impairment and treatment results
of shoulder pathologies. Finally, described
by Constant and Murley?’ in 1987, the CM
score is currently the most widely used
assessment tool for shoulder pathologies
with high responsiveness. It is joint-
specific and has four domains: pain, activi-
ties of daily living, strength, and ROM. It
combines both examiner- and self-assessed
items. Unlike the ASES score, both
domains are included in the cumulative
index. Its high responsiveness and ease of
use have made it an essential assessment
tool for shoulder pathologies.

Patients’ active and passive ROM; pres-
ence of night pain; and DASH, CM, ASES,
and visual analog scale (VAS) scores were
recorded at baseline and at each visit. A
blinded outcome assessor evaluated the
patients, performed the aforementioned
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measurements, and assisted with filling in
the self-assessment questionnaires. A
simple goniometer was used to measure
the shoulder arc of movement with the
patient standing. Patients were considered
to have achieved full recovery and the treat-
ment was considered successful if their VAS
score for pain was <4 and shoulder ROM
was within 90% of the uninvolved limb.
The number of patients who recovered at
4 weeks and improvements in patient-
reported outcomes and shoulder motion at
4 weeks and 6 months were noted.

Statistical analysis

Improvements at each follow-up compared
with baseline and the previous visit were
analyzed for statistical significance. The
results are presented as mean =+ standard
deviation or median (minimum—maximum)
for continuous variables. Categorical varia-
bles are presented as frequency and percent-
age. The Shapiro-Wilk test was used as a
normality test. Continuous variables were
compared between two groups using the
Mann—Whitney U test when the data were
not normally distributed. Friedman tests
were used to assess the overall change in
the variables over time within groups.
Dunn—Bonferroni post hoc tests were car-
ried out, and there were significant differ-
ences between times. Correlations between
variables were tested using Spearman corre-
lation coefficients. Categorical variables
were compared using Fisher’s exact test. A
p-value of <0.05 was considered significant.
All statistical analyses were performed with
IBM SPSS Statistics for Windows, Version
23.0 (IBM Corp., Armonk, NY, USA).

Results

Thirty-one patients received oral predniso-
lone treatment for frozen shoulder. Eight
patients had underlying systemic disease,
three had a previous fracture in the

involved shoulder, and two had a massive
rotator cuff tear diagnosed with magnetic
resonance imaging and were excluded
from the study. Eighteen patients (13
female, 5 male) with primary frozen shoul-
der were available for the final analysis. The
patient demographics and baseline ROM,
VAS scores, and patient-reported outcome
measures are shown in Table 3. The
patients’ age, body mass index, sex, and
occupation status had no effect on improve-
ments in the VAS score, ROM, or function-
al outcome scores at any time points.
Similarly, involvement of the dominant or
non-dominant side did not affect the out-
come. No patients developed adverse effects
that required treatment cessation. No
patients required manipulation under anes-
thesia or arthroscopic release. In 13
patients, shoulder ROM reached 90% of
the contralateral side at 4 weeks, and the
treatment was considered successful. Five
patients had no pain at rest; however, they
had mild residual restriction of shoulder
motion.

Following initiation of treatment, the
patients experienced rapid recovery of
shoulder motion at 4 weeks, and this recov-
ery was maintained at 6 months (Figures 1
and 2). Similarly, there was significant
improvement in perception of pain and
functional outcomes that was evident at 4
weeks and extended to 6 months (Figure 3).
At the first follow-up at 4 weeks, significant
improvement in shoulder ROM was noted
in all directions except active and passive
abduction. There was a significant reduc-
tion in the VAS scores (p=0.018) and a
significant increase in the CM scores
(p=0.023). The DASH and ASES scores
did not show significant improvement in
the first 4 weeks. At 6 months, there was
a significant improvement in shoulder
ROM in all directions compared with the
previous visit, except external rotation.
There were significant improvements in
the DASH (p=0.001), VAS (p=0.008),



Atici et al.

Table 3. Patient demographics and baseline shoulder range of motion and functional status.

Number of patients 18
Sex Female 13
Male 5
Age, years 55 (24-82)
Follow-up, months 16.4 (6-30)
Body mass index, kg/m? 27.6 (20.6-36.6)
With occupation (employed) 12
Systemic disease 8
Affected shoulder Dominant 12
Non-dominant 6
Clinical scores ASES score 329 (5-91.6)
DASH score 53.3 (22.7-70.5)
CM score 33 (12-96)
VAS score 7.5 (4-10)
Range of motion Flex. Active 84.1° (60°-120°)
Passive 94.4° (75°-120°)
Abd. Active 68.8° (45°-110°)
Passive 80.5° (45°-120°)
Ext. Rot. Active 23° (10°-45°)
Passive 33.3° (15°—45°)
Int. Rot. Active 19.7° (10°—45°)
Passive 35.5° (20°-50°)

Data are presented as n or median (minimum—maximum).

ASES, American Shoulder and Elbow Surgeons; DASH, Disabilities of the Arm, Shoulder, and Hand; CM, Constant—Murley;
VAS, visual analog scale; Flex., flexion; Abd., abduction; Ext. Rot., external rotation; Int. Rot.; internal rotation.

CM (p=0.047), and ASES (p=0.023)
scores compared with the previous visit
(Table 4). The significance of changes in
shoulder motion, pain, and self-assessment
scores compared with baseline and the pre-
vious follow-up are shown in Table 5.

The patients developed no adverse
effects requiring termination of the medica-
tion. At the final follow-up, no patients had
joint symptoms suggesting avascular necro-
sis. No patients required intra-articular
injection, manipulation under anesthesia,
capsular distention, or arthroscopic release
during the treatment course or at the
follow-up visits.

Discussion

The results of our study indicate that
high-dose oral prednisolone treatment

(1 mg/kg/day) provided rapid recovery of
shoulder function and resolution of symp-
toms, and the improvements extended into
the mid-term. Most of the patients (72%)
regained a functional level similar to that of
the uninvolved extremity as ecarly as 4
weeks, and the remaining patients had
only mild residual disability with no pain
at rest. This rapid recovery is consistent
with the findings of previous studies on
oral glucocorticoid use for frozen shoulder,
which revealed significant improvement in
functional outcomes and ROM as early as 3
weeks.>*1?> Canbulat et al.” noted a signif-
icant reduction in pain scores and recovery
of shoulder motion as early as 1 week and
improvement in the CM, ASES, and DASH
scores in 6 weeks. Similarly, Blockey et al.'*
compared oral glucocorticoids and placebo
and noted superior recovery with oral
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glucocorticoid in the first few weeks. All of the patient-reported outcome mea-
Widiastuti-Samekto and Sianturi* surement scores showed marked improve-
described 91% of their patients as “cured” ment in the first 4 weeks. However, only

at the end of 3 weeks. the CM scores reached statistical
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Figure 3. Change in pain and functional status throughout the study period.

significance in this early period. The ASES
and DASH scores improved between 4
weeks and 6 months. This difference
between assessment of functional recovery
with the ASES, DASH, and CM scores may
have been a result of the design of the indi-
vidual questionnaires. A delayed response
in the DASH score can be expected because
this score is not a shoulder-specific disabil-
ity measure and includes questions regard-
ing several points irrelevant to frozen
shoulder, such as tingling and wrist func-
tion. The difference between the CM and
ASES scores was more surprising because
both of these instruments are joint-
specific. Although the mean ASES score
improved from 26 to 65 in 4 weeks, this
change did not reach statistical significance.
The small sample size may explain why the
null hypothesis could not be rejected.
Another possible explanation is the alter-
nating responsiveness of the CM and

ASES domains. Angst et al.*® noted that
the CM score had the highest responsive-
ness in the pain/symptoms domain, whereas
the ASES score had superior responsiveness
in functionality. It is possible that time is
needed for the improvement in pain and
ROM to reflect to the activities of daily
living and perception of functionality.

The rapid recovery following the short-
term high-dose oral prednisolone treatment
in this study persisted long after discontin-
uation of the drug. There was significant
improvement in pain scores, ROM, and
all of the patient-reported outcomes at 6
months compared with both baseline and
the previous visit. This finding contradicts
most studies in the literature, which
revealed a slowing down of rapid recovery
or sometimes even deterioration after cessa-
tion of the drug. In a study by Chen et al.,*!
the acceleration of improvement declined
with time, and there was no improvement
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Table 4. Change in shoulder range of motion, pain, and functional status throughout the study period.

Before treatment Fourth week Sixth month

ROM-Active Group

Flexion 82.5 (60-120) 165 (75-170) 180 (90-180)

Abduction 60 (45-110) 170 (90-170) 180 (90-180)

Internal rotation 17.5 (45-10) 72.5 (80-60) 80 (70-85)

External rotation 22.5 (10-45) 75 (30-90) 90 (45-90)
ROM-Passive Group

Flexion 90 (75-120) 170 (120-170) 180 (120-180)

Abduction 75 (45-120) 170 (90-170) 180 (100-180)

Internal rotation 40 (20-50) 75 (65-85) 87.5 (80-90)

External rotation 30 (15-45) 75 (30-90) 90 (45-90)
Clinical outcomes

DASH score 54.5 (22.7-70.5) 35 (10-40) 9.5 (2.5-28.3)

CM score 21.5 (12-90) 64 (48-72) 91 (54-100)

ASES score 25.75 (5-91.6) 67.15 (44.9-83.3) 97.5 (40-100)

VAS score 8 (4-10) 5 (3-6) 1.5 (0-4)

Data are expressed as median (minimum—maximum).

ROM, range of motion; DASH, Disabilities of the Arm, Shoulder, and Hand; CM, Constant—Murley; ASES, American

Shoulder and Elbow Surgeons; VAS, visual analog scale.

between weeks 6 and 12. Similarly,
Buchbinder et al.’ reported that improve-
ments in pain, ROM, and functional
scores at 3 weeks were not sustained
beyond 6 weeks. The clinical status began
to deteriorate following cessation of the
drug, and the results were inferior to place-
bo at 12 weeks. The authors concluded that
this may have been due to the rebound
effect of sudden withdrawal of oral steroids.
Similar to the study by Buchbinder et al.,”
Blockey et al.'"* noted that the rapid and
significant recovery in the first weeks
declined after 4 weeks and that there was
no difference compared with placebo at 18
weeks.

Studies by Lorbach et al.>? and Canbulat
et al.” showed more persistent recovery than
the aforementioned reports. Their findings
bear a closer resemblance to ours. Lorbach
et al.?? reported rapid pain relief and
improved ROM at 4 weeks. The significant
improvement in the CM scores in 4 weeks
was maintained throughout the study
period (up to 12 months), and although

the pace of recovery slowed down, the
pain levels were significantly lower at all
time points compared with baseline. In the
study by Canbulat et al..’ the change in
VAS scores with motion and the improve-
ments in the CM, DASH, and ASES scores
were statistically significant compared with
subsequent measurements until the end of
the first year.

Our treatment protocol involves the
highest dose regimen to date. Typical treat-
ment of an 80-kg patient would be initiated
with a daily dose of 80 mg of prednisolone,
which is more than double the maximum
prednisolone-equivalent dose reported in
the literature'**? (Table 1). In most of the
studies on oral administration of glucocor-
ticoids for the treatment of frozen shoulder,
the daily drug dose is given as a single dose
in the morning to mimic the physiologic
cortisone cycle. However, administering
two-thirds of the total dose in the morning
and one-third in the evening is also pro-
posed to simulate the circadian cortisone
rhythm."> We preferred to give the drug
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recovery of shoulder motion.
Improvements in functional outcome and
disability indices tend to be more subtle in
this period but improve significantly during
the late course of treatment.
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