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Abstract: Objective: Corticosteroid injections have been a widely utilized and well-accepted method of treatment for
patients with chronic subacromial bursitis (SAB) who have failed many conservative therapies. As an alternative, we
test whether subacromial injection of sodium bicarbonate (SB) can substitute subacromial corticosteroid injection
in the treatment for chronic SAB. Methods: 70 patients diagnosed with chronic SAB were divided into two groups
randomly. They were treated with SB and triamcinolone (TMC) subacromial injection, respectively. The control (TMC)
syringe contained a mixture of 1ml triamcinolone (40 mg), 2 ml of 2% lidocaine and 7 ml of 0.9% saline; and the
test (SB) syringe contained a mixture of 2 ml of 2% lidocaine, 6 ml of 5% sodium bicarbonate and 2 ml of 0.9% sa-
line. The visual analog scale (VAS), active range of motion (ROM), and Constant-Murley Score (CMS) of the affected
shoulder were respectively completed before and at 1 week, 2 and 4 weeks following the injection. Results: Both
groups obtained a significant improvement of VAS, CMS, and active shoulder ROM at 1 week, 2 and 4 weeks follow-
up. Pain relief was achieved significantly faster after a steroid injection than after SB injection at 1 week. And there
was no significant difference at 2 and 4 weeks following the injection; whereas, no significant difference was found
in CMS and active shoulder ROM between the 2 groups at the 4 time points. Conclusion: The efficacy of subacromial
SB injection is equivalent to corticosteroid for chronic SAB and may be a potential and useful alternative for the
treatment for chronic SAB.
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tion, all resisted movements are painless or
equally painful [3]. A history of pain in the later-
al shoulder and tenderness to palpation along
the acromial border indicate a diagnosis of sub-
acromial bursitis. And it can be confirmed by an

Introduction

Chronic subacromial bursitis (SAB) is a com-
mon clinical condition characterized by chronic
pain in the anterior and superior part of the

shoulder. Patients with chronic SAB usually
complain of a dull shoulder pain, restriction of
abduction and internal rotation of the shoulder,
with tenderness over the deltoid region. Aches
usually worsen not only during the night but
also when patients are performing overhead
activities [1, 2]. The shoulder pain associates
with a painful arc of motion. The range of
motion (ROM) of the shoulder is limited or may
not be limited in a noncapsular pattern. In addi-

infiltration with local anesthetic [3, 4].

The main goal in treating chronic SAB is to
reduce pain and improve the range of move-
ment. Although nonoperative treatment options
for chronic SAB have included rest, drugs
administration, such as NSAIDs, local applica-
tion of ice, and modifications of the routine
physical activity [1, 5, 6]. Corticosteroid injec-
tion has been a widely utilized and well-accept-
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Table 1. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

1. Shoulder pain duration for more than 3 months
2. A visual analog scale (VAS) score for abduction >4

3. The presence of a painful arc of motion or pain at
the mid- to terminal range of shoulder abduction or
internal rotation

4. Tenderness to palpation anterior/lateral to the
acromion

5. And a reduction in pain after the subacromial injec-
tion of 2 mL of 1% lidocaine.

1. Symptoms less than 3 months
2. A surgical or fracture history near the shoulder region

3. Uncontrolled chronic disease, for example, malignant
neoplasms, hypocoagulability and local infection

4. Evidence (x-ray) of calcification of the rotator cuff

5. Evidence (MRI) or history of rotator cuff tear or tendi-
nopathy

6. Evidence (Radiographs) or history of shoulder inflam-
matory arthritis, osteoarthritis, frozen shoulder, subacro-
mial spurs, or deformity of the acromion

7. The presence of cervical radiculopathy
8. Previous shoulder injections within the past 3 months
9. Evidence of shoulder instability

ed method of treatment for patients with chron-
ic SAB who have failed many conservative ther-
apies [1, 3, 7]. It is widely accepted that the
pain relief attributes to its anti-inflammatory
properties [8, 9]. Unfortunately, the frequency
of using corticosteroid injection is limited
because of its potentially serious side effects,
such as subcutaneous fat atrophy, skin hypopig-
mentation, tendon rupture, articular cartilage
damage and systemic effects like hyperglyce-
mic, HBP, menstrual disorder and osteoporosis
[9-13].

Some researches displayed that in some infec-
tion or inflammation pathological conditions,
the pH around the lesions may reduced, and
local tissue acidosis was induced [14, 15].
Extracellular pH change is thought to alter vas-
cular tone [16] and the acidosis in local tissue
can evoke pain in animals and humans [17]. It
has been demonstrated that in some inflamma-
tion pathological conditions that glycolysis
accelerated and lactate accumulated, it may
result in the abnormal contraction of local ves-
sel, which can disturb the healing of lesion [18,
19]. Therefore, local tissue acidosis has multi-
ple effects on tissues and cellular function,
including impaired oxygen delivery, decreased
energy generation and impaired glucose
metabolism. Clinically, soft tissue inflammation
may spontaneously resolve or too often may
evolve into a chronic inflammatory condition. It
has been widely accepted that sodium bicar-
bonate is administrated to patients with severe
metabolic acidosis in clinical. In consideration

18973

of the premises, we propose that the use of
subacromial SB injection is to treat chronic SAB
instead of corticosteroid injection.

The objective of this prospective, double-blind,
randomized and controlled trial was to com-
pare the efficacy of subacromial injection of
TMC with SB injection. We hypothesized that
the efficacy of subacromial SB injection would
be equivalent to the efficacy of corticosteroid
injection.

Materials and methods

This was a randomized, prospective, controlled,
and double-blind study of sodium bicarbonate
versus corticosteroid injection for the treat-
ment of chronic SAB. We recruited ambulatory
patients with painful shoulder due to chronic
SAB. The procedures followed in this study
were evaluated and approved by the local eth-
ics committee. The patients were informed of
the study procedures and signed the informed
consent form prepared for this study.

The inclusion criteria were as follows: (a) shoul-
der pain duration for more than 3 months, (b) a
visual analog scale (VAS) score for abduction
>4, (c) tenderness over the subacromial loca-
tion, (d) the presence of a painful arc of motion
or pain at the mid- to terminal range of shoulder
abduction or internal rotation, and (e) a reduc-
tion in pain after the subacromial injection of 2
mL of 1% lidocaine. The exclusion criteria were
as follows: (@) symptoms less than 3 months;
(b) a surgical or fracture history near the shoul-
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Assessed for ehigibility (n=108)

Figure 1. The conduct of the study
according to Consolidated Stan-
dards of Reporting Trails (CON-
SORT) criteria. TMC, triamcinolone;
SB, sodium bicarbonate.
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der region; (c) uncontrolled chronic disease, for
example, malignant neoplasms, hypocoagula-
bility and local infection; (d) evidence (x-ray) of
calcification of the rotator cuff; (e) evidence
(MRI) or history of rotator cuff tear or tendinop-
athy; (f) evidence (Radiographs) or history of
shoulder inflammatory arthritis, osteoarthritis,
frozen shoulder, subacromial spurs, or defor-
mity of the acromion; (g) the presence of cervi-
cal radiculopathy; (h) evidence of shoulder
instability; (i) previous shoulder injections with-
in the past 3 months (Table 1).

From February 2014 to March 2016, a total of
108 patients were enrolled in the current study.
Among them, 20 patients met the exclusion cri-
teria (9 with calcific tendinitis, 7 with a partial-
thickness rotator cuff tear, 3 with a full-thick-
ness rotator cuff tear, 1 with osteoarthritis of
the shoulder) and an additional 12 patients did
not want to participate in the study. As a result,
38 patients were randomized to the steroid
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Follow-up

Injection of SB (n=38) ‘

Lost to follow-up (n=3)
Discontinued to intervention (n=1)

Due to continued pain after index injection

Analyzed (n=34)

group (TMC group) and 38 patients to the sodi-
um bicarbonate group (SB group). Four patients
were lost to follow-up (1 TMC, 3 SB), and 2
patients were later excluded because of a
changing treatment method during the study
period (1 TMC, 1 SB). Thus, 36 subjects in the
TMC group and 34 subjects in the SB group
completed the study (Figure 1). The injected
medication in the two groups was differentiat-
ed as follows: The control (TMC) syringe con-
tained a mixture of 1 ml triamcinolone (40 mg),
2 ml of 2% lidocaine and 7 ml of 0.9% saline;
and the test (SB) syringe contained a mixture of
2 ml of 2% lidocaine, 6 ml of 5% sodium bicar-
bonate and 2 ml of 0.9% saline.

In order to ensure a double-blinded evaluation,
the following measures were taken: Random
numbers for allocating patients of treatment
groups were generated by a computer program.
And a set of sealed, consecutively numbered
envelopes containing the random allocation
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Table 2. Demographic data of patients

TMC group SB group P
Patients, No 38
Age (mean + SD) (y) 55.53+£10.83 (26-78) 56.87+9.78 (29-80) 0.572t
Sex (M/F) 22/16 21/17 0.817%
Symptom duration (mean + SD) (month) 6.21+3.22 6.71+3.63 0.527%t
Side (dominant/nondominant) 23/15 21/17 0.642%
Diabetes mellitus history 4 >0.05%

TMC, triamcinolone; SB, sodium bicarbonate. tCalculated by independent samples t test; tCalculated by x test.

10+ —— TMC Group

-&- SB Group

VAS

Time(weeks)

Figure 2. Pain evaluations by using visual analog
scale (VAS) improved after patients received a sub-
acromial injection of TMC or SB. There was a signifi-
cant difference between the two groups at 1 week
after injection (*P=0.009). No significant difference
was found at 2and 4 weeks between the two groups
(P=0.262, P=0.417).

details for each patient were prepared by an
assistant not involved in the study. When a
patient was recruited, the nurse not involved in
patient assessment was instructed to prepare
the syringe containing the appropriate injection
according to the individual patient’s recruit-
ment number in the envelope. Each syringe was
covered in opaque tap, so that the injector,
patient, and elevator remained blinded to group
assignment.

All patients were assessed with a VAS for evalu-
ating pain and CMS before treatment and at 1
week, 2 and 4 weeks after the treatment. The
CMS scoring system consists of subjective
assessments of pain, activities of daily living
(ADL), range of motion (ROM), as well as the
strength of abduction [20]. A hand held goni-
ometer was used to measure the active ROM of
the affected shoulder at base line at 1 week, 2
and 4 weeks after the injection. Data regarding
clinical evaluations and functional outcomes
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Table 3. Pain values measured by visual ana-
log scale (VAS)

Time TMC group SB group

Pretreatment 7.0810.94 7.05+£0.92
1 week 4.72+0.88 5.23+0.70*
2 weeks 3.06+0.71 3.29+1.03
4 weeks 2.28+0.85* 2.44+0.82*

TMC: triamcinolone; SB: sodium bicarbonate; VAS:

visual analog scale. Continuous data are presented as
the mean + standard deviation. *Significant difference
between pretreatment and post-treatment in both groups
(P<0.05). tSignificant difference at 1 week between two
groups (P=0.009).

were collected blindly by an assessor not
involved in the study. No patient received physi-
cal therapy during the follow-up period.

We injected the subacromial bursa according to
Cyriax’s method [7]. The patient was asked to
relax the affected arm. First we localized the
lateral edge of the acromion. And then, using
aseptic technique, the 21-gauge needle was
inserted medially and in a slightly cranial direc-
tion into the bursa at 1-2 cm beneath the mid-
dle point of the lateral edge of the acromion.
Special attention was paid not to inject the
material into the coracoacromial ligament or
the capsulotendinous structures. The pharma-
ceutical material should flow freely into the
space without any resistance or significant dis-
comfort for the patients.

The changes in pain and function parameters
between and within the groups at 1 week, 2
and 4 weeks after therapy onset were evaluat-
ed by a repeated-measures analysis of variance
and a multivariate analysis of variance. SPSS
17.0 software (SPSS Inc, Chicago, IL, USA) was
used, and all significance levels were set at
a=0.05. Demographic comparisons were per-
formed by the independent t-test for age, symp-
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Figure 3. Constant scores improved after patients
received a TMC or SB injection in the subacromial
space (P<0.05). There were no significant statistical
differences between the two groups at final follow-up
assessments (P=0.688).

Table 4. Constant-Murley Score (CMS)

Time TMC group SB group

Pretreatment 66.83110.99 64.76+10.80
1 week 76.50+10.11 75.68+9.63
2 weeks 81.33+9.49 81.00+8.05
4 weeks 86.08+8.78* 85.71+9.66*

TMC, triamcinolone; SB, sodium bicarbonate; CMS,
Constant-Murley Score. Continuous data are presented
as the mean + standard deviation. *Significant differ-
ence between pretreatment and post-treatment in both
groups (P<0.05). No significant difference at each time
point between the 2 groups (P>0.05).

tom duration and x2 test for sex distribution,
diabetes mellitus history, and dominant
shoulder.

A sample size in each group was determined
before hand by the use of power and sample
size calculation. Power analysis indicated that
a sample size of 26 patients in each group
would provide a power of 80% to detect a 5%
significant difference in Constant-Murley Score
(CMS), assuming a mean difference of 8 points
and a SD of 13 points [21]. To account for pos-
sible loss to 20% of follow-up, we estimated the
total number of patients needed to be 32 per

group.
Results

The baseline characteristics of these patients
are summarized in Table 2. Mean age, gender
distribution, symptom duration, diabetes melli-
tus history, and dominant shoulder involvement
were similar in the two groups. No significant
demographic differences were observed be-
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Figure 4. Strength scores in CMS were improved
after patients received a TMC or SB injection in the
subacromial space (P<0.05).There were no signifi-
cant statistical differences between the two groups
at final follow-up assessments (P=0.441).
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Figure 5. Forward flexion improved regardless of
treatment method at final follow-up evaluations. No
significant differences were observed between the
two groups at final follow-up evaluations (P=0.587).

tween the two groups. There were no significant
differences in pretreatment VAS, ROM, and
CMS between the two groups.

The VAS score improved significantly through-
out the follow-up period in the two groups
(Figure 2). However, pain relief was achieved
significantly faster after a corticosteroid injec-
tion than after SB injection, and this difference
was maintained for up to 1 week: 4.72+0.88 in
TMC group, 5.23+0.70 in SB group (P=0.009).
Yet, there were no significant differences in
pain VAS at 2 and 4 weeks after injection
between the two groups (P=0.262, P=0.417)
(Table 3).

The CMS improved significantly throughout the
follow-up period in the two groups (Figure 3).
No significant difference in CMS was found

Int J Clin Exp Med 2016;9(10): 18972-18980
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Figure 6. Internal rotation improved regardless of
treatment method at final follow-up evaluations. No
significant differences were observed between the
two groups at final follow-up evaluations (P=0.417).
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Figure 7. External rotation improved regardless of
treatment method at final follow-up evaluations. No
significant differences were observed between the
two groups at final follow-up evaluations (P=0.293).

between the two groups at final follow-up
assessments (P=0.688) (Table 4). Strength
scores in CMS improved significantly after the
treatment in the two groups (Figure 4). There
were no significant statistical differences
between the two groups at final follow-up
(P=0.441).

For all active ROM, including forward flexion
(Figure 5), internal rotation (Figure 6), external
rotation (Figure 7) and abduction (Figure 8),
increased significantly over time in both groups,
and no statistical differences were found
between the two groups during serial follow-up
assessments (P=0.587, P=0.417, P=0.293,
P=0.315) (Table 5).

All the patients completed the study. Three
complications occurred in the TMC group,
including one dizziness which resolved in 3
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Figure 8. Abduction improved regardless of treat-
ment method at final follow-up evaluations. No sig-
nificant differences were observed between the two
groups at final follow-up evaluations (P=0.315).

minutes without intervention, one mild dyspep-
tic symptom, and one steroid flare reaction. No
other adverse events or complications were
encountered.

Discussion

To our knowledge, this study is the first research
to show that subacromial injection of sodium
bicarbonate can be beneficial for chronic SAB.
Our study suggests that SB injection has simi-
lar clinical outcomes compared to corticoste-
roid injections, as measured by improvement in
the VAS, ROM and CMS for 4 weeks. Further-
more, the best available evidence doesn’t limit
the use of subacromial injection of SB and the
side effects of corticosteroid could be avoided.
Thus, subacromial injection of SB may provide
an alternative to corticosteroid, especially for
the diabetic patients or someone else with
chronic SAB who rejects the injection of
steroid.

The histological and molecular changes of
chronic SAB implied chronic nonspecific inflam-
mation, elevated presence of the inflammatory
cytokines, increased abnormal vascularity,
associated with abnormal metabolism of local
tissues, and local metabolic acidosis in the
bursa, which may cause pain and bursa
impingement during active or passive ROM of
the shoulder. Steen et al. found that direct infu-
sion of isotonic acidic solutions into human
skin caused sustained pain [22]. Issberner et
al. demonstrated a significant correlation
between pain intensity and pH change in the
human muscle pain induced by acid [23]. The
painful inflammatory and ischemic condition
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Time Range of motion TMC group SB group
Pretreatment Abduction 96.69+11.73 96.44+9.24
Flexion 135.28+14.04 134.15+15.15
Internal rotation 50.031+5.23 49.12+5.04
External rotation 37.14+4.71 36.03+5.58
1 Week Abduction 111.78+7.39 115.12+6.86
Flexion 142.75+11.46 140.15%+11.35
Internal rotation 54.11+5.11 53.351+4.31
External rotation 43.8316.21 42.56+6.36
2 Weeks Abduction 118.89+6.14 120.91+5.40
Flexion 147.83+10.69 146.12+10.32
Internal rotation 56.3614.86 55.82+3.70
External rotation 46.72+6.50 45.21+7.46
4 Weeks Abduction 131.11+10.29* 133.35+10.18*
Flexion 154.64+9.13* 154.29+8.98*
Internal rotation  61.36+4.52* 60.24+2.91*
External rotation  53.33+9.95* 50.65+8.94*

sis resulted in the abnormal con-
traction and diastole function of
local vascular. Furthermore, abnor-
mal proliferation of endothelial cells
were found in the vascular channels
along with subacromial bursa [29].
Therefore, this may worsen tissue
perfusion and aggravate acidosis
as well as oxygen deficit. SB can not
only buffer the H* around the bursa
but also improve the abnormal vas-
cular contraction diastole. One of
the causes of effective treatment
for local tissue acidosis is cessa-
tion of acid production via improve-
ment of tissue oxygenation.

In the early part of the twentieth
century, researches suggested that
lactic acid accumulation was a pre-

TMC: triamcinolone; SB: sodium bicarbonate; ROM: range of motion. Con-
tinuous data are presented as the mean * standard deviation. *Signifi-
cant difference between pretreatment and post-treatment in both groups
(P<0.05). No significant difference at each time point between the two

groups (P>0.05).

were accompanied by local tissue acidosis [15].
Therefore, we are supposed one of the causes
of pain in patient with SAB is that the tissue aci-
dosis and inflammation evoking the local tis-
sue. Low pH in tissue is an important factor in
hyperalgesia [17]. And several researches
found that tissue acidosis in muscles related to
ischemia and inflammation had a profound
effect on the initiation and development of
chronic muscle pain [23, 24]. Acidosis is the
process leading to an abnormally high concen-
tration of hydrogen ions. Then extracellular pro-
tons provoke the pain by opening excitatory
cation channels in nociceptors [15]. In this
study we obtained almost complete pain relief
with a subacromial injection of SB (Table 3).
Therefore, the hydrogen ions dissociated from
the acids may be buffered by bicarbonate in the
extracellular compartment. Meanwhile, hyper-
algesia is reduced, and the inflammation cas-
cades may be interdicted partly.

Many researches proved that the external pH
regulated vascular tone [25-28]. Wilson and
Woodward had ever demonstrated that the cor-
onary circulation of the rat constricts in
response to acidosis by perfusing rat hearts
with langendorff model [16]. Local tissue acido-
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dominant cause of skeletal muscle
fatigue, which occurred most rapid-
ly under anaerobic conditions and
during rapid contractions. It was
reported that orally ingested sodi-
um bicarbonate (NaHCO,) improved
running performance [30]. Recent researches
also found that the supplementation of sodium
bicarbonate could increase performance or
delay fatigue in intermittent high-intensity exer-
cise by decreasing intramuscular [H*] [30, 31].
In our study, the strength scores in CMS were
significantly improved after the treatment in SB
group at final follow-up, which was probably due
to the effectiveness of SB to improve the skel-
etal muscle fatigue in some degree.

Blair's study [32] looked at the effect of 1% lido-
caine alone vs 1% lidocaine and triamcinolone
in patients with impingement. At a mean follow-
up of 33 weeks suggests a moderate efficacy
of pure local anaesthetic and patients who
received a corticosteroid injection had a signifi-
cantly lower mean pain scores, and large
increased in mean forward elevation and exter-
nal rotation. But Plafki’s study [33] showed no
positive effect in only 0.5% bupivacaine group
and 4 patients complained of pain aggravation.
In our study, the VAS score for pain was signifi-
cantly improved after the treatment in the 2
groups at final follow-up. Although immediate
pain relief and increased ROM could be
explained by the potency of lidocaine, the
potency disappear in a few hours. The effec-
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tiveness of SB injection group at 1 week, 2
weeks and 1 month after injection was mostly
due to the effect of SB. And there were no sta-
tistical differences in pain VAS at 2 and 4 weeks
after injection between the two groups.
Nevertheless, local anaesthetic injection is
considered to be a worthwhile tool to differenti-
ate subacromial pathology from a painful
intraarticular condition or an affection of the
acromioclavicular joint.

The study has several limitations. Firstly, a sub-
acromial SB injection has never been used to
treat SAB before, and it is not fully known how it
affects pain relief and function recovery,
despite the good clinical results obtained.
Secondly, the limitation is the small numbers of
patients in the groups to draw a strong conclu-
sion. Further studies with large study popula-
tions and long-term follow-up are needed to
prove our hypothesis. Furthermore, for ethical
and practical reasons, we did not include a con-
trol group receiving a placebo injection to elimi-
nate the possibility that a placebo effect was
responsible for the improvements. However,
because the patients we recruited had experi-
enced shoulder pain for longer than 3 months
without signs of spontaneous improvement, we
believed spontaneous self-healing in a month
was impossible. Finally, although we used the
immediate improvement in active shoulder
abduction as an indicator of accurate place-
ment when infiltrating the subacromial space,
there was a high incidence of non-bursal infil-
tration. And the advanced imaging technology
like ultrasound guidance would have been a
more accurate method of injection.

Conclusions

We find that the efficacy of subacromial SB
injection is equivalent to corticosteroid for
chronic SAB and it may be a potential and use-
ful alternative for the treatment of chronic SAB,
especially for the diabetic patients or someone
else with chronic SAB who rejects the injection
of steroid.
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