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David Zurakowski, PhD, Amber Hall, MPH, and Joseph P. DeAngelis, MD

S houlder pain, a common clinical problem, oc-
curs in 7% to 34% of the general population 
and in 21% of people older than 70 years.1 

Subacromial impingement refers to shoulder pain 
resulting from mechanical impingement of the 
rotator cuff underneath the coracoacromial arch 
between the acromion and the humeral head.2,3 
Subacromial impingement syndrome (SIS) is the 
most common cause of shoulder pain, resulting in 
significant functional deficits and disability.3

Treatment options for SIS include conservative 
modalities such as use of nonsteroidal anti-inflam-
matory drugs, physical therapy (PT), and subacro-
mial corticosteroid injections (CSIs). Studies have 
found short- and long-term improvement in pain, 
function, and range of motion after CSI.4-8 Subacro-
mial CSI can be administered through an anterior 
or a posterior route.4,9 There have been several 
studies of the accuracy of anterior and posterior 
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Take-Home Points

◾◾ When conservative treatments for SIS do not resolve symp-
toms, inflammation and pain can be reduced with use of 
subacromial CSI.

◾◾ Both anterior CSI and posterior CSI significantly improved pain 
and function for up to 6 months.

◾◾ CSI combined with structured PT produced significant improve-
ment in pain and function in patients with SIS, regardless of 
injection route used.

◾◾ Clinical response to CSI may not depend on injection accuracy.

◾◾ Clinicians should rely on their clinical acumen when selecting 
injection routes, as anterior and posterior are both beneficial.
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CSIs,10-12 with 2 studies finding similar accuracy for 
these routes.10,11 However, there may be a sex dif-
ference: In women, a posterior route may be less 
accurate than an anterior or a lateral route.12

Although the accuracy of anterior and posterior 
routes has been studied, their effect on clinical 
outcomes has not. We conducted a study to un-
derstand the effects of anterior and posterior CSIs 
on SIS. As one of the accuracy studies suggested 
anterior CSI is more accurate—the anterior route 
was theorized to provide easier access to the 
subacromial space12—we hypothesized patients 
treated with anterior CSI would have superior clini-
cal outcomes 6 months after injection.12,13

Materials and Methods
Study Participants and Randomization

After this study received Institutional Review Board 
approval, patients with shoulder pain of more 
than 3 months’ duration and consistent with SIS 
were screened for inclusion. Eligible patients had 
pain in the anterior biceps and over the top of the 
shoulder with overhead activities as well as one 
or more clinical findings on physical examination: 
Hawkins-Kennedy sign, Neer sign, painful arc, and 
infraspinatus pain (pain with external rotation).

Patients were excluded if their history included 
prior subacromial CSI, adhesive capsulitis (inability 
to passively abduct shoulder to 90° with scapular 
stabilization), calcific tendonitis, radiographic evi-
dence of os acromiale, cervical radiculopathy, Spurl-
ing sign, neck pain, radiating arm pain or numbness, 
sensory deficits, or neck and upper extremity motor 
dysfunction. Also excluded were patients with 
full-thickness rotator cuff tear, weakness on arm 
elevation, positive “drop arm sign,” or high-riding 
humerus on standing shoulder radiograph. Patients 
who had work-related injuries or who were involved 
in worker compensation were excluded as well.

Enrolled patients were randomly assigned (with 
use of a computer-based random number genera-
tor) to receive either anterior CSI or posterior CSI.

Injection Procedures

All patients were administered 5 mL of lidocaine 
1% (without epinephrine) and 2 mL (80 mg) of 
triamcinolone by 2 board-certified orthopedic 
surgeons using a 22-gauge 1½-inch needle. For 
patients who received their subacromial CSI by the 
anterior route, the arm was held in 0° of abduc-
tion and 20° of external rotation. The needle was 
inserted medial to the humeral head, lateral to the 
coracoid process, beginning 1 cm inferior to the 

clavicle with the needle directed posteriorly and 
laterally toward the acromion.10 For patients who 
received their CSI by the posterior route, the arm 
was held in 0° of abduction, the posterolateral 
corner of the acromion was identified by palpa-
tion, and the needle was inserted 1 cm inferior 
and medial to this point with the needle directed 
anteriorly and laterally toward the acromion.10,12 In 
both groups, the subacromial space was identified 
when a drop in pressure was felt during needle 
insertion. Accuracy was assessed post hoc by ask-
ing patients to grade their response to the injection 
on a visual analog scale (VAS); VAS score was used 
as a surrogate for improvement. All patients had a 
positive Neer test: Pain decreased with impinge-
ment maneuvers immediately after injection.

All patients were referred for PT provided 
according to an evidence-based rehabilitation pro-
tocol.14 This program emphasized range of motion 
with shoulder shrugs, scapular retraction, and 
pendulum exercises; flexibility with stretching ex-
ercises targeting the anterior and posterior aspects 
of the shoulder and cane stretching for forward 
elevation and external rotation; and strength with 
strengthening exercises involving the rotator cuff 
and scapular stabilizers.

Outcome Measures

Pain was measured with VAS scores and func-
tion with Single Assessment Numeric Evaluation 
(SANE) scores. The VAS is a validated outcome 
measure of pain intensity. A numeric version of the 
VAS was used: Patients selected the whole num-
ber, from 0 (no pain) to 10 (worst possible pain), 
that best reflected their pain intensity. On SANE, 
another validated outcome measure, patients rated 
their shoulder function as a percentage of normal, 
from 0% (no function possible) to 100% (perfect).15 
Before injection, all patients were administered 
the VAS and SANE questionnaires to establish 
their baseline pain level and opinion of shoulder 
function. These measures were repeated 1, 3, 
and 6 months after injection. Telephone inter-
views were conducted at 1 month and 6 months. 
Patients were asked to return to clinic 3 months 
after injection as part of the standard of care. At 
3 months, 47 (86%) of the 55 patients returned 
for follow-up and were administered the VAS and 
SANE questionnaires; the other 8 completed the 
questionnaires by telephone. At each time point, 
patients were asked to report on their participation 
in PT and/or adherence to their home exercise 
program.



A. Ramappa et al

www.amjorthopedics.com� July/August 2017  The American Journal of Orthopedics ®    E259

Statistical Analysis

Power analysis performed with Student t test 
and a 2-sided level of P = .05 compared VAS pain 
scores between the anterior and posterior injection 
routes and found a mean (SD) difference of 1.4 
(1.7).16 Power calculations made with nQuery 
Advisor Version 7.0 (Statistical Solutions) indicated 
a total sample size of 60 patients (30/group) would 
provide 80% power for detecting a significant 
difference assuming a 20% dropout rate.

Two-way mixed-model analysis of variance (ANO-
VA) was used to compare the anterior and posterior 
routes for statistical differences in both VAS pain 
scores and SANE function scores at baseline and 
1, 3, and 6 months after injection. Likewise, time at 
baseline (just before injection)was compared with 
follow-up (1, 3, 6 months) with 2-way mixed-model 
ANOVA adjusting for anterior or posterior route. 
Multivariate analysis was performed to evaluate 
differences between baseline and 6-month follow-up 
with respect to anterior and posterior injection 
routes, controlling for age, sex, and body mass index 
(BMI) for VAS and SANE scores. Parametric testing 
methods were used for statistical analysis, which 
was performed with IBM SPSS Statistics Version 
21.0 (IBM Corp). Significance was set at P < .05.

Results
Patient Characteristics

Of the 55 patients enrolled, 25 (46%) received 
anterior subacromial CSI and 30 (54%) received 
posterior CSI. All enrolled patients had a positive 
Neer impingement test immediately after injec-
tion. Mean (SD) age was 48 (9.3) years for anterior 
group patients and 48 (9.0) years for posterior 
group patients. There was no significant difference 
in age or BMI between the 2 groups (Table).

Five patients (9%) were excluded from the study 
after randomization and CSI: 2 for a full-thickness ro-
tator cuff tear, 1 for a Bankart lesion, 1 for adhesive 
capsulitis, and 1 for a worker compensation claim.

One month after injection, 41 patients (75%) re-
ported having engaged in PT as prescribed. Of the 
47 patients (86%) who returned for the 3-month 
follow-up, 25 (46%) reported having engaged in 
PT between 1 month and 3 months after injection. 
Fourteen patients (26%) reported attending PT 
between 3 and 6 months post-injection. 

Outcome Measures

Two-way repeated-measures ANOVA with age, 
sex, and BMI included as covariates revealed no 
significant differences in VAS scores between the 

anterior and posterior groups at any time point 
(P = .45). Both groups had highly significant pain 
reductions (anterior, F = 9.71, P < .001; posterior, 
F = 13.46, P < .001). Figure 1 shows mean VAS 
scores and significant reductions in pain 1, 3, and 
6 months after injection (see asterisks for anterior 
and posterior groups; P < .001 for all). The groups 
had parallel rates of pain reduction over time, as 
indicated by a nonsignificant (P = .50) difference in 
slopes. These pain score reductions were signifi-
cant for both injection routes and were indepen-
dent of age, sex, and BMI (P > .05 for all).

Two-way repeated-measures ANOVA with age, 
sex, and BMI included as covariates revealed no 
significant differences in SANE scores between the 
anterior and posterior groups, except for a higher 
mean score in the anterior group at 3 months  
(P = .02). There were no other group differences 
(P > .10 for all). Both groups had highly significant 
improvements in function (anterior, F = 17.34,  
P < .001; posterior, F = 13.57, P < .001). Figure 2 
shows mean SANE scores and significant improve-
ment at 1, 3, and 6 months (see asterisks for anteri-
or and posterior groups; P < .001 for all). The groups 
had parallel rates of improved function over time, as 
indicated by a nonsignificant (P = .51) difference in 
slopes. These function score improvements were 
significant for both injection routes and were inde-

Table. Comparison of Pain Relief and Functional Improvement  
With Anterior (n = 25) and Posterior (n = 30) Injections

Outcome Anterior Posterior P

Mean (SD) age, y 48 (9.3) 48 (9.0) .86

Mean (SD) body mass index, mg/kg2 29.24 (6.0) 27.92 (4.3) .36

Sex, n (%)
   Male
   Female

13 (52)
12 (48)

19 (63)
11 (37)

.40

Mean (SD) VAS pain scorea

   Baseline
   1 mo
   3 mo
   6 mo

4.8 (2.3)
2.1 (2.3)
2.1 (2.3)
3.1 (2.7)

5.4 (2.1)
2.6 (2.4)
2.7 (2.4)
2.4 (2.1)

.37

.41

.41

.39

Mean (SD) SANE score,b %
   Baseline
   1 mo
   3 mo
   6 mo

60 (17)
84 (14)
82 (18)
84 (12)

56 (16)
77 (16)
70 (19)
75 (19)

.42

.14
.015c

.10

aWhole number from 0 (no pain) to 10 (worst possible pain).
bPercentage of normal, from 0% (no function possible) to 100% (perfect).
cStatistically significant using 2-way mixed-model analysis of variance to compare anterior with posterior.
Abbreviations: SANE, Single Assessment Numeric Evaluation; VAS, visual analog scale.
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pendent of age, sex, and BMI (P > .05 for all).
From the results of this prospective randomized 

study, we concluded subacromial CSI significantly 
reduces pain and improves function regardless of 
route used. In addition, age, sex, and BMI do not 
significantly affect the efficacy of either anterior 
CSI or posterior CSI.

Discussion
In patients with SIS, anterior CSI and posterior 
CSI provided significant improvements in pain and 

function 1, 3, and 6 months after injection. These 
effects were independent of age, sex, BMI, and PT 
participation. There were no significant differences 
in outcomes between injection routes.

When conservative treatments for SIS do not 
resolve symptoms, inflammation and pain can be 
reduced with use of subacromial CSI.4-8 Although 
clinical outcomes are inconsistent, CSI can be 
used to address SIS symptoms in appropriate 
patients. Specifically, Blair and colleagues6 found 
that, CSI consisting of 4 mL of lidocaine 1% (with-
out epinephrine) and 2 mL (80 mg) of triamcino-
lone was effective in alleviating shoulder pain and 
improving shoulder range of motion. Other authors 
have similarly reported improved outcomes after 
subacromial injection and short-term follow-up 
with PT.4,7,8 Our findings are consistent with these 
reports: CSI coupled with a structured rehabilita-
tion program is effective in alleviating symptoms 
associated with acute or subacute SIS.

Numerous studies have found improved clinical 
outcomes after anterior CSI and after posterior 
CSI,6-8 but no study has directly compared the 
clinical impact of anterior CSI with that of poste-
rior CSI—which suggests injection route may not 
affect ultimate clinical outcomes.

CSI accuracy has been studied extensive-
ly.10-12,17-20 Although 2 studies found similar accuracy 
for anterior and posterior routes,10,11 there may 
be a sex difference: In women, a posterior route 
may be less accurate than an anterior or a lateral 
route.12 Collectively, these studies expose the 
inherent difficulty in treating shoulder pain with 
localized subacromial injection. Therapy may fail 
because of errant needle positioning. Two prospec-
tive studies found improved clinical outcomes with 
successful delivery of medication into the subacro-
mial space.17,18 Poor clinical outcomes may result 
from inaccurate CSI.

In contrast to other clinical studies, our study 
found that injection route was not associated with 
differences in clinical response. In a prospective 
randomized clinical trial in which 75 patients 
received a subacromial injection, Marder and 
colleagues12 found anterior routes 84% accurate 
and posterior routes 56% accurate; they con-
cluded acromion anatomy and subacromial bursa 
anatomy make posterior injections more difficult. 
As theorized by Gruson and colleagues,13 with use 
of an anterior route, the needle enters inferior to 
the concavity of the acromion and provides easier 
access to the subacromial space. This idea is in 
line with Marder and colleagues’12 conclusion that 
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Figure 1. Visual analog scale (VAS) pain scores after subacromial injection in males 
and females by injection route (anterior or posterior) at baseline (BL), 1 month (1M), 3 
months (3M), and 6 months (6M).
*Statistically significant using 2-way mixed-model analysis of variance to compare time point in 
baseline. 
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Figure 2. Single Assessment Numeric Evaluation (SANE) scores after subacromial 
injection in males and females by injection route (anterior or posterior) at baseline (BL), 
1 month (1M), 3 months (3M), and 6 months (6M).
*Statistically significant using 2-way mixed-model analysis of variance to compare time point in 
baseline.
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subacromial bursa anatomy provides a favorable 
environment for accurate CSI.

If accuracy is positively correlated with clinical 
improvement and anterior routes are more accu-
rate, there should be a difference in response to 
posterior injections. Our results provide evidence 
that clinical response to CSI may not depend on 
injection accuracy. Perhaps merely placing the cor-
ticosteroid near the bursa is adequate for improving 
symptoms or perhaps some of the clinical improve-
ment is due to the systemic effect of corticoste-
roids. These possibilities require further analysis.

 Establishing the efficacy of CSI in SIS is difficult. 
The literature includes various study designs, dif-
ferent CSI indications and medication formulations, 
and varying emphasis on the role of organized PT. 
Rehabilitation has been found to alleviate joint 
pain by reducing inflammation,14 but data do not 
universally support this finding.21,22 Nevertheless, 
use of PT might explain the divergence in clinical 
outcomes reported by Marder and colleagues,12 
who found anterior CSI more accurate than 
posterior CSI. In our practice, PT is recommended 
for all SIS patients, not only those who have CSI. 
Thus, our findings are framed within the context 
of successful CSI but may include patients who 
improved with PT alone. This issue raises the ques-
tion of whether subacromial CSI should be guided 
by ultrasound. Ultrasound guidance can improve 
CSI accuracy and clinical outcomes,23-25 though the 
value of this benefit is debated.26

This study had several limitations. First, pain 
relief was patient reported. Second, the treatment 
plan involved CSI with PT but did not control for 
CSI used alone. PT, which is part of the standard of 
care for patients with SIS, added another degree 
of complexity to the study. Third, there may have 
been some variability in SIS severity (stage 1, 2, or 
3). Fourth, although the study design controlled for 
various shoulder pathologies, advanced imaging, 
which could have provided diagnosis confirma-
tion, was not available for all patients. Therefore, 
concurrent conditions may have confounded 
results. However, randomization was used to try to 
minimize this effect. Fifth, although injection routes 
were randomly assigned, the trial was not blinded. 
Sixth, the study was underpowered by 1 patient, 
as there was an estimated 20% dropout rate over 
3 and 6 months of follow-up. However, we do not 
think our results were significantly affected.

Although more research is needed to fully 
describe the role of subacromial CSI in SIS, our 
study findings suggested that CSI using either an 

anterior or a posterior route creates a window of 
symptomatic relief in which patients may be able 
to engage in PT.

Conclusion 
Both anterior CSI and posterior CSI significantly 
improved pain and function for up to 6 months. 
No differences were found between anterior and 
posterior CSIs. In the context of this study, CSI 
combined with structured PT produced significant 
improvement in pain and function in patients with 
SIS, regardless of injection route used. Clinicians 
should rely on their clinical acumen when selecting 
injection routes, as anterior and posterior are both 
beneficial.
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