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Abstract

Background. Acupuncture alleviates acute and chronic shoulder pain. Yet it has not been determined whether acupuncture is

useful following musculoskeletal surgery. Hypothesis: Compared to sham acupuncture, arthroscopic acromioplasty subjects who

received real acupuncture would manifest significantly better recovery as demonstrated by: UCLA shoulder scale, improved range of

motion, diminished pain, decreased need and duration of analgesic use, and enhanced patient satisfaction.

Methods. Forty arthroscopic acromioplasty patients were randomized to real or sham acupuncture. UCLA shoulder scale scores,

pain intensity, analgesic use, range of motion, and quality of life were monitored for four months. Data were analyzed with the

general linear model ANOVA for repeated measures.

Results. Thirty-five subjects completed the study. Real acupuncture subjects scored significantly better on UCLA shoulder scale

(p < 0:000); pain intensity (p < 0:022); self-reported analgesic use (p < 0:008); angles of abduction (p < 0:046); and in six of eight

health status questionnaire components.

Conclusions. Following arthroscopic acromioplasty, real acupuncture compared to sham acupuncture offered significantly greater

improvement via: (1) lower pain level, (2) less analgesic use, (3) range of motion, and (4) patient satisfaction.

� 2003 Orthopaedic Research Society. Published by Elsevier Science Ltd. All rights reserved.

Introduction

Post-operative pain can severely complicate rehabili-

tation from musculoskeletal surgery. Pain hinders timely

progress in physical therapy and consequently restricts
recovery of function. Unfortunately, patients who do

not tolerate analgesic medications may fail to reap the

full benefits of stretching and strengthening during

critical phases of recovery. Therefore, non-pharmaceu-

tical treatment regimens that diminish the severity and

length of post-surgical discomfort, thereby reducing the

need for medication, can be especially helpful. Acu-

puncture is one such time-honored treatment for pain,
with freedom from side effects that accompany many

pharmaceuticals [3,4,23]. In addition, some analgesic

tolerant patients have difficulty recovering from surgery

in spite of appropriate medication and physical therapy.

These patients may benefit from acupuncture as well.

Both physician acupuncturists and licensed acu-

puncturists commonly use acupuncture to treat painful,

chronic or injury related musculoskeletal conditions

[13,38,39]. However, whether acupuncture is useful for

patients following surgical intervention for musculo-
skeletal pathology has not been determined. To examine

this, it was essential to choose a common orthopaedic

surgical procedure for which outcomes are well estab-

lished and easily measured, and after which patients are

available for treatment and monitoring. The shoulder

provided a useful target, in part because shoulder pain

ranks second only to back/neck pain in clinical fre-

quency [37]. We chose arthroscopic acromioplasty (AA)
because this patient population usually enjoys good to

excellent recovery [1,11,33]. Furthermore, acupuncture

has been applied successfully to alleviate both acute and

chronic shoulder pain [3,4,21,24,34].

Historically, acupuncture needles have been stimu-

lated manually. Electrical current was first used for

stimulation of acupuncture needles in China in the

1930s. Its application has spread widely so that at pre-
sent it is a standard method of stimulation [23,34,38].

The aim of the present study was to evaluate clinical
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effectiveness of acupuncture in recovery from AA for
impingement syndrome. Patients were randomized to

receive either real acupuncture (RA) or sham acupunc-

ture (SA). We hypothesized that, in comparison to SA

subjects, subjects who received RA would manifest sig-

nificantly better recovery outcomes as measured in pain

scale and medication use scores; range of motion as-

sessments in the affected shoulder; and enhanced patient

satisfaction as measured by a quality of life question-
naire.

Materials and methods

Forty consecutive patients scheduled to undergo AA for treatment
of shoulder impingement syndrome, and who would consent to par-
ticipate in this study, were referred by two local orthopaedic surgeons.
These 40 subjects represented 80% of all patients who were asked to
participate. Each participating surgeon had more than ten years ex-
perience performing shoulder surgery. Thirty-nine of the patients were
treated by one co-author (KW) and one was treated by another sur-
geon. Twenty-four women and 16 men, ranging in age from 20 to 62
years, entered the study. Both groups consisted of subjects within the
same age range (Table 1). Sixteen subjects in each group underwent
both concomitant AA and distal claviculectomy. Four subjects in each
group had only AA. Although not all patients undergoing AA require
physical therapy (PT), we included it so patients in the placebo group
would receive an attractive benefit from participating in the study. This
was also a means to maintain homogeneity of subjects, since patients
who are slow to recover are often referred to PT. Prior to participation
in the study, all subjects completed a patient history form containing
questions about medical and orthopaedic history, perceived quality of
life/health, and prior acupuncture treatment. Subjects also gave written
informed consent as approved by the Merle West Medical Center
Institutional Review Board.

Inclusion criteria consisted of diagnosis with impingement syn-
drome [31] and a minimum of six months failure of conservative
management (extensive physical therapy for stretching, strengthening,
and conditioning; NSAIDS; activity modification and; in most cases,
subacromial injections of corticosteroids). Diagnosis with impingement
syndrome included marked impingement findings, often with tender-
ness at the acromioclavicular (AC) joint and at the supraspinatus in-
sertion, and marked pain upon isolation of the supraspinitus.
Arthrograms and X-rays were also employed for verification. Average
length of symptoms was 3.7 years. All patients were scheduled to un-
dergo AAwith or without concomitant distal claviculectomy. (Decision
to perform distal claviculectomy was based on symptoms referable to
the AC joint, significant tenderness at the AC joint, and/or the presence
of inferior ostoephytes.) Exclusion criteria included complete rotator
cuff tears or additional shoulder pathology apart from impingement.

All surgical procedures were performed with the patient in the
lateral decubitus position using standard arthroscopic equipment and

techniques well described in orthopaedic literature [35]. After adequate
anesthesia, patients were placed in the lateral decubitus position. The
symptomatic arm was elevated overhead with 7–10 pound weights, and
saline was injected into the shoulder posteriorly. The arthroscope was
inserted and the joint inspected before corrective procedures were
performed. The AA portion of the procedure was conducted as de-
scribed by Altchek et al. [2]. PT began within one week and consisted
of three visits per week for two weeks, starting with passive range of
motion (ROM) and graduating to active ROM and strengthening of
the rotator cuff muscle using therabands. Heat packs were applied to
the shoulder prior to exercises, and cold packs were applied after-
wards. All PT was facilitated by the same therapist.

Acupuncture

Acupuncture treatment commenced 3–8 days after surgery and
continued three times per week for one month (total¼ 12). Ran-
domization was accomplished by placing a small piece of paper with
the typed letter ‘‘A’’ (n ¼ 20) or ‘‘B’’ (n ¼ 20) into 40 identical, sealed
envelopes. Prior to acupuncture treatment, subjects were asked to
draw an envelope from a large container and hand it to the princi-
pal investigator (BG). Subjects who drew an ‘‘A’’ were randomized to
the SA group, and subjects who drew a ‘‘B’’ to the RA group.
All acupuncture treatments were performed by the primary investi-
gator, a physician-acupuncturist. Thin, sterile, stainless steel acu-
puncture needles were utilized and left in place for a standard 20–30
min.

The 20 RA subjects were given acupuncture treatments as de-
scribed by Helms [23], and were slightly individualized. Although the
Eastern medical concept of individualized treatment is difficult to
reconcile with contemporary Western biomedical information, it con-
tinues to be invaluable in the evaluation of patients and the formulation
of acupuncture treatments [32]. We chose not to dilute acupuncture
effects by artificially confining point options and thereby performing
acupuncture incorrectly. Having a single skilled acupuncturist design
and deliver the appropriate intervention stands up to rigorous scrutiny
better than using a standardized––and likely inadequate––treatment.
Points were located by anatomic palpation, then verified by ohmmeter
point detection, which measures decreased skin electrical resistance at
true acupuncture points [5,8]. RA subjects received needles in one or
both upper extremities, one or both lower extremities, trunk, and/or
ears. Points were chosen with the primary expectation of localized
benefit to the operated shoulder. According to results of pre-treatment
exams, some needles were stimulated electrically utilizing frequencies
between 2.5 and 150 Hz [23].

The 20 SA subjects were given sham treatments in which acu-
puncture needles were inserted at points that definitely did not have
electrical characteristics similar to true acupuncture points. SA sub-
jects received two needles in the upper extremity that had undergone
surgery, and one needle in each lower extremity. Needles in the upper
extremity were connected to a stimulator with disabled leads but a
functioning, blinking red light. Subjects, orthopaedic surgeons, the
physical therapist and the certified medical assistant were blinded and
instructed not to discuss acupuncture with anyone.

Table 1

Age ranges of patients

Chipchase et al. study [9] Gilbertson et al. (this study)

Age groups n % Total n % Total n(RA) % RA n(SA) % SA

15–24 1 1 1 2.5 0 0 1 5

25–34 4 5 4 10.0 3 15 0 0

35–44 5 6 16 40.0 8 40 8 40

45–54 15 19 12 30.0 5 25 8 40

55–64 18 22 7 17.5 4 20 3 15

65–74 22 27 0 0 0 0 0 0

75–84 16 20 0 0 0 0 0 0

Reprinted with permission from Chipchase et al. [9].

Comparison: This study had a more narrow age distribution than the Chipchase et al. study, with larger percentages of patients aged 35–54.
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UCLA shoulder scale

The UCLA shoulder rating scale [14] was recorded weekly [42],
corresponding to the fourth, seventh, tenth and twelfth visits before
acupuncture, and again at the four-month follow-up. This brief and
simple scale has components for pain level, function in daily living,
range of motion, strength, and patient satisfaction. The scale is well
recognized in orthopaedic research literature, and has been used at
three and six month intervals following AA [14]. We chose to measure
more frequently, like the weekly shoulder pain scale measurements
made by Winters et al. [42].

Measures made at each visit

Prior to each acupuncture treatment, and again at a four-month
follow-up, subjects self reported their pain level by marking a 10 cm
visual analog pain intensity scale (VAS) [12]. Range of motion was
measured by goniometer. Analgesic use was scored from 0 to 3. Zero
indicated no pain medication was needed; ‘‘1’’ indicated occasional use
of NSAIDS; ‘‘2’’ indicated daily use of NSAIDS; and ‘‘3’’ indicated
need for prescription analgesics such as hydrocodone.

HSQ 2.0

Prior to surgery, each subject completed a modification of the SF-
36 quality of life questionnaire known as ‘‘HSQ 2.0’’ (1994, National
Computer Systems, Inc.). This measure was repeated at the final
acupuncture visit and again at the four-month follow-up.

Opinion of acupuncture

Prior to the first acupuncture treatment, and again after the twelfth
and final treatment, subjects were asked to rate their opinion of acu-
puncture as a valid treatment modality on a scale of 0–4. Zero indi-
cated that acupuncture definitely does not work, ‘‘1’’ indicated that
acupuncture probably does not work, ‘‘2’’ indicated that acupuncture
may possibly work, ‘‘3’’ indicated that acupuncture probably works,
and ‘‘4’’ indicated that acupuncture definitely works.

Statistical analyses

Power calculations were used to determine sample size. For the
primary outcome, we anticipated a minimal difference of interest of six
points on the UCLA shoulder scale, with an anticipated standard
deviation of six. For two groups, assuming a Type 1 error¼ 0.05, and
power¼ 80%, 17 subjects per group would be needed. After prelimi-
nary analyses using student�s t-test, the data were analyzed with the
general linear model (GLM) ANOVA for repeated measures. The

latter test assumes measurements are related to one another and is
therefore a preferable test for measuring post-surgical recovery.

Results

Preliminary student�s t-tests revealed that between the

two groups there were no significant differences in age,

sex, duration of symptoms, presence of partial rotator

cuff tears, amount of bone removed, release of the cor-

acoacromial ligament, or opinion about acupuncture
(Table 2). Of the 40 subjects who entered the study, 35 (22

women and 13 men) completed acupuncture treatments

and follow-up, four dropped out within the first week,

and one dropped out after 10 acupuncture treatments,

becoming lost to follow-up. All dropouts had been given

SA and cited ‘‘not enough time for the study’’ as the

reason for discontinuing. Four dropouts who left after

having only 1–3 acupuncture treatments were excluded
from the study because no post-acupuncture UCLA

shoulder scale evaluations could be performed. Data were

analyzed without them. Intention to treat analysis was

performed for the single subject who received 10 acu-

puncture treatments, i.e., data were generated under the

assumption that the subject completely recovered, scor-

ing the highest scores in all test instruments.

All subjects who completed the study believed they
had received RA. Although student�s t-tests showed no

difference between the two groups in their opinions

about acupuncture either before or after 12 treatments,

paired t-tests revealed that, overall, the opinions of

acupuncture significantly improved, regardless of treat-

ment group (t ¼ 2:584, df ¼ 35, p < 0:014).

UCLA shoulder scale

Subjects given RA scored significantly better on the

UCLA shoulder scale than subjects given SA (p < 0:000).

Table 2

Age, gender and treatment history at randomization

Real acupuncture (RA) Sham acupuncture (SA) p <

Mean SD Mean SD

Age 43.00 9.195 47.81 6.765 0.92

Gender 1.40 0.503 1.38 0.500 0.883

Symptoms duration (yrs) 3.500 5.3064 3.938 5.1961 0.806

Prior PT 1.00 0.000 1.10 0.308 0.154

Cortisone injections 1.10 0.308 1.35 0.489 0.061

NSAIDS 1.15 0.366 1.15 0.366 1.00

Partial rotator cuff tear 1.60 0.503 1.75 0.447 0.357

Bone removed (cm) 1.07 0.9271 1.031 0.9391 0.883

CA ligament released 1.75 0.444 1.69 0.479 0.688

Opinion 2.85 0.875 3.00 0.966 0.629

Baseline data revealed no significant differences between RA and SA subjects in: age, gender, duration of symptoms, prior physical therapy history,

prior cortisone injections in the affected shoulder, non-steroidal anti-inflammatory drugs (NSAIDS) use, presence of partial rotator cuff tears,

centimeters of bone removed, release of the coracoacromial (CA) ligament, or opinion about acupuncture. Note that non-parametric values (1¼ yes;

2¼no) were assigned for analyses of gender, prior physical therapy (PT), cortisone injections, use of NSAIDS, presence or absence of partial rotator

cuff tears, and release of the CA ligament.
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Their average scores, with margin of error bars, are

shown in Fig. 1.

Visual analog pain scale

At the first acupuncture treatment, there was no

significant difference in pain levels between groups.

However, RA subjects reported less pain than SA sub-

jects from the second visit through the four-month fol-

low-up. Fig. 2 shows that self-reported pain levels in

subjects given RA were significantly lower than subjects

given SA (p < 0:022).

Self-reported medication use

Medication use proved identical prior to the initial

treatment only. By the second visit, RA subjects re-

ported use of fewer analgesics. While all subjects de-

creased pain medication use over the course of the study

(p < 0:000), Fig. 3 illustrates that self-reported medica-

tion use was significantly lower in RA than in SA sub-

jects (p < 0:008).

Range of motion

GLM measures indicate all subjects experienced im-

proved range of motion over the course of the study. RA

subjects experienced significantly greater angles of ab-

duction than SA subjects (p < 0:046). RA subjects also
averaged slightly better scores in flexion, internal rota-

tion, and external rotation, though these measures did

not reach significance.

Health status questionnaire

GLM analysis of the health status questionnaire in-
dicated subjects given RA scored significantly higher

than subjects given SA in the following components:

health perception (p < 0:003); physical function (p <
0:000); physical health (p < 0:000); social function

(p < 0:000); bodily pain (p < 0:000); and energy/fatigue

(p < 0:01). There were no significant differences found

in the emotional problem or mental health categories of

the questionnaire. One unexpected result occurred in
pre-surgical questionnaire data: Subjects who eventually

were randomized to RA scored significantly higher in

the health perception component than subjects random-

ized to SA. However, including health perception as an

additional factor in GLM analysis did not wash out the

significance of the results described above.

Observed power

Although we anticipated a need for 17 subjects per

group to display a significant change in primary out-

come, when final measurement of the UCLA shoulder

scale had a difference in means¼ 6.12 and a common

standard deviation¼ 6, only 16 subjects per group were
needed for a power of 80% and a Type 1 error¼ 0.05.

Furthermore, GLM is more robust for repeated mea-

sures in the same subjects because it assumes measuring
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events are related. GLM observed power for the UCLA
shoulder scale was 98%. Secondary tests, for visual pain

rating and pain medication use, revealed GLM observed

powers of 64.4% and 79%, respectively.

Discussion

Most critically, we now see that overall short-term

shoulder recovery, as measured by UCLA shoulder

scale, significantly improves with RA. UCLA score data

were strengthened by additional findings of lower pain

levels and lower analgesic use in RA subjects. Improved
recovery is no surprise, as a growing body of literature

supports use of acupuncture to diminish pain [18,30,32,

42] and need for analgesics [10,22,25,41,43]. Further-

more, sustained improvement after initial acupuncture

is not uncommon when pain is the primary symptom.

Pain often diminishes within minutes, with activation

of spinal gating mechanisms, increased concentration of

endogenous opioids, and other pain modulating mech-
anisms [7,15–17,19,20,27,28,38,39].

Given that RA subjects enjoyed enhanced recovery

compared to SA subjects, it is reasonable that RA pa-

tient satisfaction reflected in the health status question-

naire was significantly better in most categories. No

differences were observed in categories describing men-

tal/emotional health, which were beyond the scope of

this study. However, it is reassuring that mental health
status was evenly attributed to both groups, as one can

speculate that none of our results, therefore, can be

credited to an innate difference in emotional health be-

tween groups.

The results of this study support Batra et al. [4] and

Kleinhenz et al. [24] in that a series of eight or more

acupuncture treatments proved useful in alleviating pain

and stiffness in the shoulder. Our findings further dem-
onstrate acupuncture efficacy through an extended post-

surgical period.

Our results differed from those in an early pilot with

12 subjects per group, where placebo injection or no

treatment appeared to improve pain and stiffness more

than acupuncture, physiotherapy, or steroid injection

[6]. Our results also contrasted with data from 42 sub-

jects who were randomized to receive three treatments of
RA, or SA consisting of repeated tapping on RA sites.

The investigators [29] reported that RA caused no im-

provement that could not be attributed to placebo effect.

However, tapping a needle on a true acupuncture point

more than one minute, is performing real acupressure,

which could easily confound results.

As is often the case with projects using a low number

of subjects, risk of bias was increased in this study,
particularly in terms of self-selection to join an ‘‘alter-

native medicine’’ study, and randomization. This bias

was obviated as our subjects were blinded and, in fact,

all believed they had received RA. None were capable of

‘‘self-selecting’’ sham treatment. This underscores con-

temporary Western thought regarding the necessity of

an adequate control group.

It is also important to this study�s findings that sub-
jects� pre-operative SF-36 scores, and age distribution,
were similar to those of 81 patients with shoulder im-

pingement syndrome who were not expecting to be

randomized for treatment (Tables 1 and 3, Chipchase

et al. [9]). Still, randomization of a small number of

subjects in this study proved difficult to accomplish. As

mentioned, prior to surgery, student�s t-tests revealed

that RA subjects had significantly higher health per-

ception scores than SA subjects. However, at the first
acupuncture clinic visit, no differences between groups

were found in pain level or analgesic medication use.

The HSQ was not repeated until all acupuncture treat-

ments had been completed. At that time, health per-

ception score averages were reversed, but not to the level

of significance.

The use of non-piercing needles introduced by

Kleinhenz et al. [24] in 1999 addresses an important
challenge. SA involves piercing of the skin, a source of

concern among researchers [40,44], including the present

authors.Acupuncture practitioners contend that needling

anywhere has an effect [36]. Furthermore, Western neu-

roscientists have demonstrated that needling activates at

least four pain modulating mechanisms [7,15–17,19,20,

27,28], including diffuse noxious inhibitory control [26].

Those findings imply that actual differences between SA
and RA groups may be dampened by the physiological

effects of any skin piercing whatsoever.

The new non-piercing placebo needle was not avail-

able when work began on this study. Consequently, our

non-specific needling used in this study may well have

produced data biased against RA. Thus, finding signifi-

cantly less pain in RA than SA subjects is remarkable,

Table 3

SF-36 health status for patients with shoulder impingement syndrome

Chipchase et al. study [9] Gilbertson et al.

(this study)

SF-36 health dimension Mean (SD) Mean (SD)

Physical functioning 52 (23) 66 (22)

Role-physical (physical health) 20 (32) 17 (31)

Bodily pain 33 (17) 33 (17)

General health (health perception) 62 (20) 65 (20)

Vitality (energy/fatigue) 51 (16) 41 (20)

Social functioning 60 (27) 55 (31)

Role-emotional (emotional

problems)

42 (44) 55 (44)

Mental health 65 (19) 65 (20)

Reprinted with permission from Chipchase et al. [9].

Baseline data for SF-36 (with corresponding health status question-

naire 2.0 categories in parentheses) in 40 pre-operative subjects in this

study were similar to SF-36 scores in 81 patients with chronic shoulder

pain tested by Chipchase et al. [9].
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because non-specific needling did not overshadow the
helpfulness of RA.

For our project, we chose to employ the standard of

care in all therapies, including acupuncture. This is in

keeping with the 1997 NIH Consensus Statement [32]

recognition of the need to use oriental medical theory

for prescribing Eastern treatments, while seeking to in-

terpret their physiological mechanisms. For this project,

real and sham acupuncture treatments were designed to
differ from one another using anatomical acupuncture

guidelines, aided by testing skin resistance with an ohm-

meter. Until acupuncture�s physiological mechanisms are

completely understood, treatment design will have to rely

upon traditional methodology.

Finally, it is imperative to reiterate that individual-

ized acupuncture treatment, given in a series of sufficient

length and frequency, supported recovery following a
standard and common orthopaedic surgical procedure.

Continued exploration of acupuncture�s potential help-
fulness to the field of orthopaedic surgery surely will

prove worthwhile, especially for patients who do not

tolerate or desire analgesic medications.

Conclusions

Following arthroscopic acromioplasty for impinge-

ment syndrome, subjects who received a series of RA

treatments exhibited significantly greater improvement

than subjects given a series of SA treatments in the
following categories: (1) overall recovery as measured by

the UCLA shoulder scale; (2) lower pain levels; (3) less

analgesic use; (4) improved range of motion; and (5)

better patient satisfaction (as reflected in perceived

quality of life).
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