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Increase in range of motion after intra-articular injection of
triamcinolone acetonide for the treatment of frozen
shoulder is related to body mass index
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Pathophysiological process of inflammation
leading to fibrosis on the glenohumeral joint is
known to be the main pathology of idiopathic
frozen shoulder."? Among various conservative
treatments for frozen shoulder, intra-articular
corticosteroid injection remains one of the verified
methods commonly used in clinical practice. By
reducing synovial inflammation, which leads to a
decrease in pain perception, this promotes range
of motion (ROM) recovery in frozen shoulder.?
Combining intra-articular injection with passive
and active exercises accelerates recovery during
the early stages of treatment for frozen shoulder.™

However, despite the certified effect of intra-
articular injection on frozen shoulder, patients
tend to respond differently to the injection of
triamcinolone acetonide. Some patients recover
their ROM dramatically without much effort
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ABSTRACT

Objectives: The aim of this study was to evaluate the clinical
effect of glenohumeral injection with triamcinolone acetonide
for frozen shoulder and to identify the factors related to extent of
range of motion (ROM) recovery.

Patients and methods: Between July 2015 and May 2020,
a total of 305 patients with primary frozen shoulder (147
males, 158 females; mean age: 55.8+4.3 years; range, 52 to 73
years) who underwent intra-articular glenohumeral injection
of triamcinolone acetonide were retrospectively analyzed. The
primary outcome measure was the range of changes in each
aspect of ROM at six weeks after injection. The relationship
between improvement and unresponsiveness to intra-articular
injection for the treatment of frozen shoulder with various factors
were evaluated. The analyzed factors were as follows: age, sex,
body mass index (BMI), initial ROM before injection, symptom
duration, hand dominance, smoking history, and the existence
of underlying disease including diabetes mellitus, hypertension,
coronary disease, thyroid disease, and hypercholesterolemia.

Results: There were significant improvements in all aspects
of ROM at six weeks after injection. The forward flexion
(p=-0.346, p<0.001) and external rotation (p=-0.204, p=0.040)
showed a negative correlation with BMI. Multivariate analysis
revealed that BMI was the sole factor related to recovery of
forward flexion (p=0.032) and external rotation (p=0.007) at six
weeks post-injection.

Conclusion: Intra-articular injection of triamcinolone acetonide
is an effective method for improving ROM in patients with
frozen shoulder. Increased BMI showed adverse effects on ROM
recovery.

Keywords: Body mass index, frozen shoulder, triamcinolone acetonide.

with exercises or rehabilitation after injection,
while some show little difference in ROM even
after rehabilitation, with no definite evidence
of complications. To date, several studies have
revealed the risk factors or conditions associated
with the etiology of primary frozen shoulder,
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including diabetes mellitus, thyroid disease, cardiac
or pulmonary problems.”! However, to the best of
our knowledge, there is a limited number of data in
the literature directly evaluating factors associated
with post-injection status in frozen shoulders.

In the present study, we hypothesized that
there would be an overall increase in ROM after
injection and the presence of factors known to be
closely related to the etiology of frozen shoulder
might also affect the outcome of the intra-articular
injection of triamcinolone acetonide. We, therefore,
aimed to identify whether there was improvement
in ROM within six weeks after triamcinolone
acetonide injection and determine the factors
related to the extent of ROM recovery after intra-
articular injection of triamcinolone acetonide in
patients with primary frozen shoulder.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Seoul St. Mary’s Hospital, College
of Medicine, The Catholic University of Korea,
Department of Orthopedic Surgery between July
2015 and May 2020. A total of 534 patients under
the diagnosis of unilateral frozen shoulder and
received intra-articular injection of triamcinolone
acetonide. We defined frozen shoulder based on
previous studies as forward flexion less than 100°
(maximal 150°% forward flexion is glenohumeral
motion without scapulohumeral rhythm), external
rotation under 45° (maximal 90°) in 0° of horizontal
abduction (at side), or internal rotation at a level
lower than the third lumbar spine (L3) (maximal T7
level).[67]

For enrollment, we selected patients who
underwent both plain radiograph and magnetic
resonance imaging to detect reliable imaging
indicators of frozen shoulder such as thickening
of the capsule in the rotator interval, thickening
of the coracohumeral ligament and obliteration of
the fat triangle under the coracoid process.’! Also,
detection of combined shoulder lesions that could
cause restriction in shoulder motion or decreased
ROM was made. Patients with concomitant shoulder
lesions, including rotator cuff tear, labral tear, or
arthritis, and those with a history of previous
shoulder surgery or fracture were excluded.

To avoid including patients with inflammatory
stage, of which the limitation is primarily caused
by the subjective pain without actual pathological
change of the intra-articular capsule itself, we
confined the cohort to the patients with at least

497

three months of symptom duration before the
injection. Also, patients with previous shoulder
injection history were excluded. However, patients
with other attempts including oral medications or
physiotherapy prior to the injection were included.

To reduce the risk of complications following an
increase in blood glucose level after the injection of
triamcinolone acetonide, injections were allowed
in diabetic patients with controlled diabetes
(HbAlc <7) under the same medication for the
past three months. Other underlying systemic
conditions known to affect shoulder ROM or be
associated with etiology of frozen shoulder such as
thyroid diseases, hyperlipidemia, and hypertension
were not considered as contraindications for intra-
articular injection of triamcinolone acetonide.
These conditions were considered to be underlying
conditions, when the patient was under treatment
or management after diagnostic confirmation. After
excluding 229 patients, 305 patients with primary
frozen shoulder (147 males, 158 females; mean age:
55.8+4.3 years; range, 52 to 73 years) were enrolled
(Figure 1).

Injection technique

All injections were performed after sterilization
of the injection site. A high-resolution transducer
(12 MHz linear array) was utilized for needle
guidance. A 21-gauge needle on syringe containing
40 mg of triamcinolone acetonide mixed with 1 mL
of lidocaine (2%) was prepared. The procedure was
performed with the patients sitting on a chair with
a neutral position of the shoulder and elbow flexed
90°. The needle was inserted anteriorly at the level
of coracoid process aiming medially to the humeral
head. As soon as the needle made contact with the
humeral head, the needle was tilted away from the
head and advanced into the articular cavity. The
location of the needle within the joint was confirmed
by ultrasound.

Post-injection rehabilitation

The same standardized rehabilitation protocols
were applied to every patient from the day after
injection. The patients were required to follow
the home-based instruction daily without
additional clinic-based physiotherapy. Pendulum
circumduction and self-stretching passive motion
exercise in every plane were recommended for
six weeks after injection. Pulley exercise was
recommended for advanced forward flexion;
isometric exercise was also recommended. No limit
was imposed on use of the shoulder to the extent
tolerated. Periodic supervision for compliance of
rehabilitation was made every two weeks.



498

534 patients with unilateral frozen
shoulder & intra-articular
injection of triamcinolone acentonide
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A

481 patients

53 excluded from having concomitant lesions
* Rotator cuff tear
« Labral lesion
* Arthritis

Y

464 patients

17 excluded from having previous surgery or
fracture

A

382 patients

82 excluded from having duration of
symptom less than three months

Y

‘ 305 patients

77 excluded from previous history of
shoulder injection

FIGURE 1. Study flowchart.

Assessment

The passive ROM was assessed before and
after the injection. For the measurement, forward
flexion and external rotation were evaluated
with a goniometer, when the patient was in
the supine position, excluding scapulohumeral
motion. Internal rotation, which was measured
in the sedentary position, was evaluated by the
vertebral level reached by the tip of the thumb;
internal rotation up to the level of the sacrum
was designated as a zero point, and one point was
added for each additional level upward. At six
weeks post-injection, ROM was evaluated in the
same manner.

We also attempted to identify the possible factors
correlated with improvement or unresponsiveness
to the intra-articular injection for the treatment of
frozen shoulder. Therefore, the following factors
were analyzed: age, sex, body mass index (BMI),
initial ROM before injection, symptom duration,
hand dominance, smoking history, and the
existence of underlying disease including diabetes
mellitus, hypertension, coronary disease, thyroid

disease and hypercholesterolemia. A condition was
considered to be underlying, when the patient was
under treatment or management after diagnostic
confirmation, while the patient with a condition
in controlled state without treatment did not
qualify. All data were collected and evaluated by
a clinical researcher who was blinded to the study
assignments.

The primary outcome measure was the range of
changes in each aspect of ROM at six weeks after
injection.

Statistical analysis

Statistical analysis was performed using the SPSS
version 18.0 software (SPSS Inc., Chicago, IL, USA).
Descriptive data were expressed in mean + standard
deviation (SD), median (min-max) or number and
frequency, where applicable. A paired t test was
used to compare the differences in ROM before and
after injection for enrolled patients. Multivariate
analysis using logistic regression analysis was
performed to identify significant factors related
to responsiveness and irresponsiveness of ROM to
injection of triamcinolone acetonide. The amount
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of ROM improvement at six weeks post-injection
was determined using dependent variables and
independent variables, including the other factors
mentioned above. The Pearson correlation coefficient
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(p) was performed to identify the relationship
between ROM improvement and evaluated factors.
A p value of <0.05 was considered statistically
significant.

TABLE |
Demographic and clinical data of patients

n MeanSD Median Range

Age (year)
Sex

Male

Female
Mean follow-up, period (weeks)
Mean BMI (kg/m?2)

BMI >25 (overweight)
Smoking population
Comorbidity

Diabetes mellitus

Hypertension

Coronary disease

Thyroid disease

Hypercholesterolemia
Initial range of motion

Forward flexion

External rotation

Internal rotation*

55.8+4.3 57.55 52-73

147
158
7.54
23.2
-105

21

52
82
17
28
84

87.1+10.4
25.2+12.7
2.4+0.8

each level higher than the sacrum.

SD: Standard deviation; BMI: Body mass index; * Internal rotation measured base on the levels of vertebrae. The
vertebral level was numbered serially as follows: 0 for any level below the sacral region and 1 additional point for

TABLE Il

Multivariate analysis showing variables affecting recovery of forward flexion after the
intra-articular injection of triamcinolone acetonide

Characteristic p Beta
Age 0.288 0.034
Sex 0.327 0.626
Body mass index 0.032 -0.182
Initial range of motion

Flexion 0.111 0.05

External rotation 0.346 0.022

Internal rotation 0.274 0.114
Duration of symptom before injection 0.390 0.132
Dominant hand 0.155 0.587
Smoking 0.547 -0.697
Diabetes mellitus 0.601 -0.366
Hypertension 0.921 -0.069
Coronary disease 0.613 -0.732
Thyroid disease 0.072 0.144
Hypercholesterolemia 0.787 0.180
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RESULTS

Patient demographics are listed in Table I. There
were significant improvements in all three aspects
of ROM including forward flexion (87.1°t10.4 wvs.
137.1°+21.7, p=0.024), external (25.2°+12.7 vs. 55.4°+8.4,
p=0.012) and internal rotation (2.4+0.8 vs. 10.8+1.5,
p=0.015) at six weeks after injection.
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Multivariate analysis revealed the sole and
main factor related to recovery of forward flexion
(p=0.032) and external rotation (p=0.007) at post-
injection six weeks was BMI (Tables II and III).
However, regression analysis did not show any
significant differences between internal rotation
with respect to the listed factors (Table IV).

TABLE Il

Multivariate analysis showing variables affecting recovery of external rotation after the

intra-articular injection of triamcinolone acetonide

Characteristic P Beta
Age 0.310 -0.076
Sex 0.629 0.039
Body mass index 0.007 -0.203
Initial range of motion

Flexion 0.174 -0.038

External rotation 0.548 0.545

Internal rotation 0.272 0.218
Duration of symptom before injection 0.807 0.019
Dominant hand 0.156 0.174
Smoking 0.367 0.068
Diabetes mellitus 0.286 -0.081
Hypertension 0.298 -0.080
Coronary disease 0.718 0.027
Thyroid disease 0.407 -0.602
Hypercholesterolemia 0.366 -0.068

TABLE IV

Multivariate analysis showing variables affecting recovery of internal rotation after the
intra-articular injection of triamcinolone acetonide

Characteristic p Beta
Age 0.542 -0.514
Sex 0.157 0.476
Body mass index 0.067 -0.549
Initial range of motion

Flexion 0.144 0.565

External rotation 0.957 -0.141

Internal rotation 0.375 0.328
Duration of symptom before injection 0.242 -0.547
Dominant hand 0.214 0.175
Smoking 0.398 -0.241
Diabetes mellitus 0.617 0.226
Hypertension 0.581 0.384
Coronary disease 0.224 0.141
Thyroid disease 0.487 -0.219
Hypercholesterolemia 0.175 0.547
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Body mass index

The improvement range of external rotation

FIGURE 2. Scatter graph showing relationship between the improvement range of forward flexion, external rotation and body

mass index.

The improvement range of forward flexion
showed a negative correlation with BMI (p=-0.346,
p<0.001). In case of external rotation, a negative
correlation was observed with BMI (p=-0.204,
p=0.040). However, internal rotation did not show
any correlation with the analyzed factors (Figure 2).

The existence of diabetes mellitus or thyroid
diseases, which were known to be related to the
etiology of frozen shoulder, did not actually affect
the recovery of ROM after injection. No patient
reported symptoms or signs suggestive of acute
infection or complication after injection.

DISCUSSION

This study revealed a significant improvement in
ROM within six weeks after the intra-articular
injection of triamcinolone acetonide in patients with
frozen shoulder. In addition, the BMI affected the
result of intra-articular injection of corticosteroid
and was the sole factor that actually affected the
recovery of both forward flexion and external
rotation after injection. Increased BMI showed an
inverse relationship on ROM recovery after injection,
indicating that higher BMI values typically were
associated with a lower range of recovery.

Obesity is a condition that is commonly involved
with various systemic diseases and, due to a high
incidence of obesity, it is not unexpected that there
would be more obese patients with frozen shoulder

occurring in the future. Unlike diabetes, there are
not many studies showing that obesity also plays
a role in the pathogenesis of frozen shoulder.
According to the cohort study by Kingston et
al,”! more than 50% of the enrolled patients were
classified as either overweight or obese among
the analyzed 2,190 patients who were diagnosed
as adhesive capsulitis. A prospective comparison
study by Lin et al."'” revealed that normal weight
patients (BMI <25 kg/m?) showed better Constant
scores after corticosteroid injection for adhesive
capsulitis compared to overweight patients. These
results are consistent with our study suggesting
that being overweight affected the result of the
injection. The result of this study has clinical
implications due to the fact that average BMI
continues to increase worldwide and morbid
obesity increases the risk of complications in many
aspects. Specifically, obesity is also related to worse
outcomes and higher risk of a revision surgery
via shoulder arthroplasty.'2l Understanding
the effect of BMI on corticosteroid injection can
help guide discussions about expectations with
patients regarding the recovery of frozen shoulder.
Our results clearly suggest that increased BMI
is disadvantageous for the recovery from frozen
shoulder and also providing this information
to the patients may lead to voluntary weight
control to maximize the benefits of corticosteroid
injections.
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Some possible explanations can be suggested
why BMI is associated with outcomes of
corticosteroid injection in frozen shoulders. First,
increased BMI is associated not only with increased
chronic musculoskeletal pain, but also with
increased chronic pain in general.>**l Persistent pain
among patients with obesity may have reduced the
effect of the injection and subsequent rehabilitation.
This may be possible, as obesity, which is associated
with decreased physical activity and having a
larger and heavier arm, might have led to poor
compliance of post-injection rehabilitation. Second,
as shown in various joint problems, a more intense
inflammatory reaction is known to happen in obese
populations.'*¥1 Although the shoulder joint is not
a weight-bearing joint, aggravated inflammation
within the joint may hamper the injection result on
a frozen shoulder.

Among many factors that are associated with
etiology and prognosis of frozen shoulder, diabetes
mellitus is probably one of the most frequently
mentioned factors among various conditions or
diseases. As corticosteroid therapy can lead to
an increase in blood glucose levels and diabetic
patients are vulnerable to complications following
an increase in glucose levels, physicians tend to limit
corticosteroid usage. Still, a corticosteroid injection
is not considered as an absolute contraindication
among diabetic patients, and is used in diabetic
patients due to the fact that the injection is still
effective for decreasing pain perception and
accelerating functional recovery in the early post-
injection period.”! Contrary to the expectation that
the result of injection would be inferior among
diabetic patients, diabetes itself did not actually
affect the results and there were no cases with
injection-related complications. We conclude that
triamcinolone acetonide is a safe injection modality
among diabetic patients with frozen shoulder under
this condition, which is a well-controlled blood
glucose level. Further, as long as diabetes is under
control, the existence of the disease itself did not
actually affect the efficacy of injection. According
to Kim et al.,™ the different doses of triamcinolone
acetonide did not actually show long-term differences
for the treatment of frozen shoulder, except for the
short-term glucose level increase with higher dose
among diabetic patients.

Numerous studies have reported a
relationship between abnormalities in serum lipid
profiles and the incidence of frozen shoulder.
The level of serum cholesterol or triglyceride was
higher among patients with adhesive capsulitis and
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hypercholesterolemia showed a prevalence of 17%
among frozen shoulders.’*?!! Sung et al.’” reported
that hypercholesterolemia and inflammatory
lipoproteinemia had a significant association with
primary adhesive capsulitis. The authors suggested
that higher levels of inflammatory lipoproteins
in shoulder stiffness could induce inflammatory
changes involved in adhesive capsulitis. However,
existence of hypercholesterolemia itself did not
significantly affect the ROM recovery after injection
in this study. Similar to the included diabetic
patients, hyperlipidemic patients were aware of
the existing condition and under the medication in
this particular study. Regarding the results shown
with diabetic mellitus and hyperlipidemia, which
are known to be associated with etiology of frozen
shoulder, we conclude that triamcinolone acetonide
injection is available and effective for the treatment
of frozen shoulder, as long as these conditions are
under control.

The limitations in internal rotation also showed
an improvement after injection; however, unlike
forward flexion or external rotation, its recovery
was not affected by any evaluated factors. Indeed,
different from the other motions, the deficit of
internal rotation is not only caused by posterior
capsule, which exists within the joint space, but
also by adaptation from tightness of posterior
musculotendinous tissue, including infraspinatus
and teres minor.?2? In the current study, intra-
articular injection of triamcinolone acetonide is
effective for improving ROM in patients with frozen
shoulder. Increased BMI showed adverse effects on
ROM recovery.”!

There have been many controversies regarding
the contribution of posterior capsule pathology
on internal rotation deficit leading to necessity
of extended surgical release of the posterior
capsule.”??! Considering the dominating extra-
articular factors, it can be explained that recovery
of internal rotation could be less dependent on the
effect of intra-articular injection when compared to
the result of forward flexion and external rotation,
and thus was not affected by the evaluation method.

Nonetheless, this study has some limitations.
First, we were not able to account for all of the
factors that can affect the recovery from frozen
shoulder. For instance, although every patient was
instructed to undergo the same routine exercise
during post-injection recovery with periodic
assessment of compliance, the individual compliance
for rehabilitation cannot be identical. As the post-
injection rehabilitation was completely based on
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home exercise program with periodic supervision,
careful monitoring may not be sufficient to ensure
adherence. Also, even though we limited the cohort
with no history of previous injection, we were not
able to confirm all the specific treatments including
physical therapy or self-motivated exercises prior
to the injection. Second, the patient cohort was not
large, which may have resulted in some contributing
factors being overlooked. A larger sample size may
have decreased the chance of type II error. Third,
the change in ROM was used as the sole barometer
in this evaluation. This study would provide more
information, if additional clinical assessments, such
as pain score, Constant score or American Shoulder
and Elbow Surgeons (ASES) score, were utilized.
Finally, this study only showed correlations and
cannot explain a cause-effect relationship between
various factors and the recovery.

In conclusion, our study results indicate that
intra-articular injection of triamcinolone acetonide
is an effective method for improving ROM in
patients with frozen shoulder and the increased
BMI values have adverse effects on ROM recovery.
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