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Rana S. Hinman, PhD; Paul McCrory, PhD; Marie Pirotta, PhD; Ian Relf, MSc; Andrew Forbes, PhD;
Kay M. Crossley, PhD; Elizabeth Williamson, PhD; Mary Kyriakides, BAppSc; Kitty Novy, BNurs;
Ben R. Metcalf, BSc; Anthony Harris, MSc; Prasuna Reddy, PhD; Philip G. Conaghan, PhD; Kim L. Bennell, PhD

IMPORTANCE There is debate about benefits of acupuncture for knee pain.

OBJECTIVE To determine the efficacy of laser and needle acupuncture for chronic knee pain.

DESIGN, SETTING, AND PARTICIPANTS Zelen-design clinical trial (randomization occurred
before informed consent), in Victoria, Australia (February 2010-December 2012). Community
volunteers (282 patients aged �50 years with chronic knee pain) were treated by family
physician acupuncturists.

INTERVENTIONS No acupuncture (control group, n = 71) and needle (n = 70), laser (n = 71),
and sham laser (n = 70) acupuncture. Treatments were delivered for 12 weeks. Participants
and acupuncturists were blinded to laser and sham laser acupuncture. Control participants
were unaware of the trial.

MAIN OUTCOMES AND MEASURES Primary outcomes were average knee pain (numeric rating
scale, 0 [no pain] to 10 [worst pain possible]; minimal clinically important difference [MCID],
1.8 units) and physical function (Western Ontario and McMaster Universities Osteoarthritis
Index, 0 [no difficulty] to 68 [extreme difficulty]; MCID, 6 units) at 12 weeks. Secondary
outcomes included other pain and function measures, quality of life, global change,
and 1-year follow-up. Analyses were by intention-to-treat using multiple imputation for
missing outcome data.

RESULTS At 12 weeks and 1 year, 26 (9%) and 50 (18%) participants were lost to follow-up,
respectively. Analyses showed neither needle nor laser acupuncture significantly improved
pain (mean difference; −0.4 units; 95% CI, −1.2 to 0.4, and −0.1; 95% CI, −0.9 to 0.7,
respectively) or function (−1.7; 95% CI, −6.1 to 2.6, and 0.5; 95% CI, −3.4 to 4.4, respectively)
compared with sham at 12 weeks. Compared with control, needle and laser acupuncture
resulted in modest improvements in pain (−1.1; 95% CI, −1.8 to −0.4, and −0.8; 95% CI,
−1.5 to −0.1, respectively) at 12 weeks, but not at 1 year. Needle acupuncture resulted in
modest improvement in function compared with control at 12 weeks (−3.9; 95% CI,
−7.7 to −0.2) but was not significantly different from sham (−1.7; 95% CI, −6.1 to 2.6) and was
not maintained at 1 year. There were no differences for most secondary outcomes and no
serious adverse events.

CONCLUSIONS AND RELEVANCE In patients older than 50 years with moderate or severe
chronic knee pain, neither laser nor needle acupuncture conferred benefit over sham for pain
or function. Our findings do not support acupuncture for these patients.
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C hronic knee pain affects many people older than 50
years1 and is the most common pain concern among
older people consulting family physicians.2 It is typi-

cally due to osteoarthritis and associated with declines in
physical function. Nonpharmacological approaches are cen-
tral to managing chronic knee pain.3,4 Patients with joint
pain and arthritis frequently use complementary and alter-
native medicine.5 Acupuncture is the most popular of alter-
native medical systems, with use increasing over time.5

Although traditionally administered with needles, laser acu-
puncture (low-intensity laser therapy to acupuncture
points) is a noninvasive alternative with evidence of benefit
in some pain conditions.6-8 Efficacy of laser acupuncture
compared with needles is unknown. Preliminary evidence
suggests laser may be superior to needles for myofascial
trigger points.9

A meta-analysis supports needle acupuncture for osteo-
arthritis pain.10 However, acupuncture effect sizes were much
smaller when compared with sham needles rather than no-
acupuncture controls, and performance bias, response bias, or
both may have influenced outcomes. Because patients have
distinct acupuncture preconceptions,11 and positive atti-
tudes toward acupuncture are consistently associated with sig-
nificantly better treatment outcomes,12 recruitment bias may
influence results from traditional clinical trials.

We conducted a Zelen-design clinical trial13 in which
participants consented to acupuncture after randomization,
and those randomized to receive no acupuncture (control
group) were unaware of the clinical trial. Zelen designs can
reduce risk of bias in a treatment trial in which knowledge
of the intervention may influence recruitment (if only
people with positive attitudes to the intervention seek to
participate) and outcomes (where treatment expectations
can inflate benefits, exacerbated by demoralization in
untreated participants). Our aim was to determine efficacy
of needle and laser acupuncture for chronic knee pain after
12 weeks and to evaluate maintenance of effects at 1 year.
We hypothesized that laser acupuncture would be superior
at 12 weeks compared with sham laser and needle acupunc-
ture and that laser and needle acupuncture would be supe-
rior to no acupuncture.

Methods
A Zelen-design randomized clinical trial was conducted. The
trial protocol14 adhered to STRICTA guidelines (see trial pro-
tocol in Supplement 1).15 The institutional human ethics com-
mittee approved the study. Participants provided written in-
formed consent.

We recruited participants from metropolitan Melbourne
and regional Victoria (Australia) via advertisements in the
community, media, and medical/physical therapy clinics
between February 2010 and December 2011. People were
included if they were aged 50 years or older, had knee pain of
longer than 3 months’ duration, had knee pain most days
with average severity of 4 or more out of 10 on a numeric rat-
ing scale (NRS), and had morning stiffness lasting less than

30 minutes. These criteria are consistent with clinical
guidelines16 advocating a clinical diagnosis of osteoarthritis
without need for investigations if these criteria are fulfilled.
Exclusion criteria are provided in eTable 1 in Supplement 2.
For bilaterally eligible knees, only the most symptomatic
knee was evaluated (although acupuncturists were permitted
to treat both knees).

Randomization and Masking
Participants initially consented to an observational study with
repeated questionnaires over 1 year (Figure). A biostatistician
(A.F.) prepared a randomization schedule (random permuted
blocks of 6-12, stratified by acupuncturist). Participants who
returned baseline questionnaires were consecutively random-
ized to receive laser acupuncture, sham laser acupuncture,17

needle acupuncture, or control (no acupuncture). An investi-
gator (K.N.) accessed the computerized randomization sched-
ule to reveal allocation.

Participants assigned to the control group continued in the
observational study, unaware they were in an acupuncture trial
and thus blinded. Other participants were invited to undergo
their assigned intervention with those allocated to laser groups
informed they could receive either active or sham laser acu-
puncture according to randomization. Participants in laser
groups were thus blinded. Participants who accepted inter-
vention provided further informed consent to participate. Par-
ticipant codes for randomized laser treatment groups were pre-
programmed into laser machines by an independent
biomedical engineer to permit blinding of acupuncturists and
participants in these groups. Participants receiving and acu-
puncturists delivering needle acupuncture were not blinded.
Participants who declined acupuncture continued in the ob-
servational study.

Interventions
We used a combined Western and traditional Chinese medi-
cine style of acupuncture. Eight family physicians registered
as acupuncturists (mean, 33.3 years of clinical practice and 19.6
years of acupuncture experience14) delivered acupuncture. All
were members of the Australian Medical Acupuncture Col-
lege, had completed university-level acupuncture training, and
were formally accredited (by examination and supervised clini-
cal experience) and registered as medical practitioner acu-
puncturists by the Medical Board of Australia. Twenty-
minute treatments were delivered once or twice weekly for 12
weeks, with 8 to 12 sessions in total permitted.

Acupuncturists treated participants according to usual
practice using a standardized set of acupuncture points (eTable
2 in Supplement 2), selecting from points around the knee as
well as distal points. Other points could be used at the acu-
puncturist’s discretion depending on clinical examination (eg,
site and causes of pain). Initial treatment permitted a maxi-
mum of 6 points (4 on the study limb and 2 additional points
chosen per protocol). In subsequent treatments, points were
added and varied as clinically indicated. Single-use Seirin
needles (0.25 × 40 mm) were used for needle acupuncture
(administered with the patient lying down and needles left in
situ while the patient rested). Laser and sham laser acupunc-
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ture were administered to selected points by custom-
manufactured Acupak (Melbourne) laser machines with the
patient supine or sitting over the edge of a treatment couch.
Standard Class 3B laser devices were used (measured output
10 mW and energy output 0.2 J/point, licensed by the Austra-

lian Therapeutic Goods Administration), with a red nonlaser
light at the probe tip that lit up in active and sham modes to
maintain blinding. The red light level is below the threshold
for measurable clinical effects, and previous research showed
that 20 laser-familiar medical acupuncturists could not de-

Figure. Flow of Participants Through the Trial

342 Were sent baseline questionnaire by mail

843 Individuals assessed for eligibility
by telephone

60 Did not return mail or refused
to participate

501 Excluded
82 Low pain level
72 Unable to participate
65 Not interested
39 Inflammatory arthritis
38 Other medical condition
35 Aged <50 y

25 Recent acupuncture
22 On surgery waiting list
17 Use of pain clinic
13 Recent knee injection
64 Other

29 Taking anticoagulants

282 Returned questionnaire and were randomized

71 Randomized to receive
no acupuncture
(control)

70 Randomized to receive needle
acupuncture

71 Randomized to receive laser
acupuncture

70 Randomized to receive sham laser
acupuncture

71 Included in analysis 70 Included in analysis 71 Included in analysis 70 Included in analysis

5 Not interested
2 Family illness

57 Accepted invitation
for treatment

8 Acupuncturists
performed the
treatments;
median (range)
patients per
acupuncturist,
6 (1-12)

13 Declined invitation
for treatment
3 Time

commitment
3 Not interested
3 Needle fear
2 Other medical

problem
2 Clinic travel

problems

12 Declined invitation
for treatment

3 Time
commitment

2 Not interested

3 Other medical
problem

4 Clinic travel
problems

9 Declined invitation
for treatment
4 Not interested

2 Clinic travel
problems

3 Time
commitment

59 Accepted invitation
for treatment

8 Acupuncturists
performed the
treatments;
median (range)
patients per
acupuncturist,
5.5 (1-15)

61 Accepted invitation
for treatment

8 Acupuncturists
performed the
treatments;
median (range)
patients per
acupuncturist,
6.5 (2-12)

69 Completed 12-week
reassessment

2 Lost to follow-up
2 Not interested

54 Completed 12-
week reassessment

3 Lost to follow-up
1 Not interested
1 Time

commitment
1 Increased knee

pain

10 Completed 12-
week reassessment

3 Lost to follow-up
2 Not interested
1 Other medical

problem

4 Completed 12-
week reassessment

5 Lost to follow-up

58 Completed 12-
week reassessment

1 Lost to follow-up
1 Other medical

problem

7 Completed 12-
week reassessment

5 Lost to follow-up
3 Not interested
1 Time

commitment
1 Could not

contact

54 Completed 12-
week reassessment

7 Lost to follow-up
5 Not interested
1 Time

commitment
1 Could not

contact

5 Not interested

4 Completed 1-
year reassessment

0 Lost to follow-up
1 Not interested

9 Completed 1-
year reassessment

1 Lost to follow-up
1 Not interested

50 Completed 1-
year reassessment

4 Lost to follow-up
3 Not interested
1 Family illness

53 Completed 1-
year reassessment

5 Lost to follow-up
4 Not interested
1 Had knee

replacement

6 Completed 1-
year reassessmenta

2 Lost to follow-up
1 Had knee

replacement
1 Family illness

48 Completed 1-
year reassessment

6 Lost to follow-up
6 Not interested

62 Completed 1-year
reassessmenta

8 Lost to follow-up

1 Other medical
problem

5 Not interested
2 Family illness

A participant was deemed lost to follow-up if all of the outcomes that were intended to be measured were missing at that follow-up. Participants lost to follow-up at
12 weeks were not followed up at 1 year, with single exceptions in each of the control and laser acupuncture groups.
a One rejoined at 1 year after having been lost to follow-up at 12 weeks.
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tect laser diode operation.18 Acupuncturists entered the par-
ticipant code into the machine, which delivered active laser
or sham laser according to the preprogrammed schedule. Acu-
puncturists completed standardized treatment notes.

Outcome Measurements
Participants completed questionnaires at baseline, 12 weeks,
and 1 year. Primary outcomes were valid and reliable self-
reported pain19 and function20 measures for osteoarthritis. Av-
erage knee pain over the previous week was measured using
an 11-point NRS with terminal descriptors of “no pain” and
“worst pain possible” (0-10, higher scores indicating worse knee
pain; minimal clinically important difference [MCID], 1.8 units,
extrapolated from 18-mm MCID reported for 100-mm visual
analogue scales21). Physical function was measured using the
Western and McMaster Universities Osteoarthritis Index
(WOMAC, Likert version 3.1) function subscale, scored from
0 to 68 with higher scores indicating worse function (MCID, 6
nonnormalized units22).

Secondary outcomes included average knee pain on walk-
ing and standing, using the NRS (MCID, 1.8 units, extrapo-
lated from 18-mm MCID reported for 100-mm visual ana-
logue scales21), average daily activity restriction over the
previous week (NRS, 0-10, higher scores indicating more re-
striction), pain on the WOMAC pain subscale (0-20, higher
scores indicating worse pain, MCID ≥12% improvement from
baseline23), health-related quality of life using the Assess-

ment of Quality of Life instrument version 2 (−0.04 to 1.00,
higher scores indicating better quality of life, MCID, 0.06
units24) and physical and mental component summary scores
of the 12-item Short Form Health Survey (SF-12, 0-100, higher
scores indicating better functioning, MCID ≥12% improve-
ment from baseline23). At follow-up, participants rated global
change overall, in pain, and in physical function using a 5-point
ordinal scale (ranging from much worse to much better).

Acupuncturists recorded attendance. Adverse events were
recorded by acupuncturists and open-ended participant ques-
tioning at 12 weeks. Use of health care (over previous month) was
recorded in log books at baseline, 12 weeks, and 1 year to mea-
sure co-interventions. In the laser groups after first treatment,
participants and acupuncturists indicated which treatment had
been administered (active or sham) to evaluate blinding.

Sample Size
We aimed to detect an MCID of 1.8 units in NRS pain (0-10 scale,
100 mm in length and marked at 10-mm increments). This was
extrapolated from the conservative 17.5-mm MCID (rounded
to 18 mm) defined by expert consensus for osteoarthritis pain
measurement on 0- to 100-mm visual analogue scales.21 We
aimed to detect an MCID of 6 nonnormalized WOMAC physi-
cal function units (0-68 scale), extrapolated from the 9.1 nor-
malized units (0-100 scale) identified as the MCID for
osteoarthritis.22 Calculations were based on an analysis of co-
variance adjusting for baseline outcome scores, assuming

Table 1. Baseline Characteristics of Participants by Acupuncture Group

Variable
Control
(n = 71)

Needle
(n = 70)

Laser
(n = 71)

Sham Laser
(n = 70)

Age, mean (SD), y 62.7 (8.7) 64.3 (8.6) 63.4 (8.7) 63.8 (7.5)

Female sex, No. (%) 40 (56) 32 (46) 28 (39) 39 (56)

Height, mean (SD), m 1.70 (0.11) 1.71 (0.10) 1.71 (0.10) 1.71 (0.10)

Weight, mean (SD), kg 85.6 (20.8) 86.3 (17.7) 89.3 (20.2) 84.7 (19.3)

Body mass index, mean (SD)a 29.3 (5.8) 29.8 (5.8) 30.7 (6.1) 28.8 (5.4)

Symptom duration, No. (%)b

<1 y 6 (8) 2 (3) 12 (17) 4 (6)

1 to <5 y 25 (35) 20 (29) 21 (30) 21 (30)

5 to <10 y 18 (25) 18 (26) 10 (14) 10 (14)

≥10 y 19 (27) 29 (41) 27 (38) 35 (50)

Unilateral symptoms, No. (%) 35 (49) 25 (36) 24 (34) 26 (37)

Medication use, No. (%)c

Analgesia 34 (48) 28 (40) 27 (38) 37 (53)

NSAIDs 14 (20) 14 (20) 14 (20) 16 (23)

COX-2 inhibitors 3 (4) 6 (9) 6 (8) 3 (4)

Opioids 1 (1) 1 (1) 2 (3) 1 (1)

Glucosamine products 20 (28) 16 (23) 16 (23) 18 (26)

Fish oil 20 (28) 18 (26) 13 (18) 20 (29)

Past treatment, No. (%)d

Physical therapy 29 (41) 30 (43) 35 (49) 36 (51)

Surgery 23 (32) 26 (37) 24 (34) 27 (39)

Injections 6 (8) 8 (11) 6 (8) 12 (17)

Acupuncture 5 (7) 5 (7) 9 (13) 2 (3)

Exercise 37 (52) 37 (53) 40 (56) 42 (60)

Hydrotherapy 8 (11) 9 (13) 9 (13) 13 (19)

Abbreviations: COX-2,
cyclooxygenase-2; NSAID,
nonsteroidal anti-inflammatory
drugs.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Not all numbers add up to totals due
to some missing data.

c Defined as medications purchased
over previous 4 weeks for knee
pain.

d Defined as treatments sought for
knee pain any time previously.
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between-patient SDs of 3.0 units for pain and 12.0 units for
function, conservative intratherapist correlation of 0.10, 15%
nonconsent rate for participants randomized to an interven-
tion group, and 15% attrition rate.14 To achieve 80% power at
a 2-sided 5% significance level, 66 patients were required in
each group, which we rounded up to 70.

Statistical Analysis
Analysis was by blinded biostatisticians (A.F. and E.W.) using
Stata (version 13.1) software (StataCorp). We used an
intention-to-treat approach with an analysis with missing
data imputed using chained equations with predictive mean
matching, imputing data for each group separately. Esti-
mates from 20 imputed datasets were combined using Rubin
rules. A complete case analysis including all available data
was also used. P values less than .05 were considered statis-
tically significant and tests were 2-sided. We performed
between-group comparisons of each acupuncture group
with control, as well as pairwise comparisons between the 3
acupuncture groups. Differences in mean changes from
baseline for each outcome at each time were compared
between groups using mixed-effects linear regression mod-
eling adjusting for baseline outcome scores. For intervention
groups, acupuncturist was included as a random effect to
account for clustering by acupuncturist. Global change rat-
ings were dichotomized as improved (much better and
slightly better) or not (unchanged to much worse) and com-
pared between groups using mixed-effects logistic regres-
sion with acupuncturist as a random effect.

Secondary analyses addressed potential dilution effects
due to the Zelen design. We performed analyses “as treated,”
which compared participants by treatment received regard-
less of randomization. However, such analyses are biased if par-
ticipants who adhere to their assigned treatment differ from
those who do not.25 We therefore also used a 2-stage least
squares approach to estimate acupuncture effects under hy-
pothetical full adherence to the randomized intervention (de-
fined as 8 acupuncture sessions). This involved fitting a re-
gression model for participation (the number of sessions
attended) for each noncontrol treatment, and a second regres-
sion model predicting the outcome given participation, fit-
ting all models simultaneously to account for all model un-
certainty within the estimated standard errors.25 In this latter
analysis, randomization acts as an instrumental variable, pro-
viding some protection against the biases of the as-treated
analysis.

Results
Of 843 volunteers, 561 (67%) were ineligible, refused to par-
ticipate, or failed to return questionnaires (Figure). Thus,
282 participants were enrolled. Slightly fewer allocated to
receive sham laser acupuncture declined treatment (9/70,
13%) compared with needle (13/70, 19%) and laser acupunc-
ture (12/71, 17%). At 12 weeks and 1 year, 26 (9%) and 50
(18%) participants were lost to follow-up, respectively.
Groups were similar at baseline (Table 1), except sham laser

Table 2. Mean (SD) Scores on Outcome Measures Over Time According to Group

Outcome
Measure

Baseline 12 Weeks 1 Year

Control
(n = 71)

Needle
(n = 70)

Laser
(n = 71)

Sham
Laser

(n = 70)
Control
(n = 69)

Needle
(n = 64)

Laser
(n = 65)

Sham
Laser

(n = 58)
Control
(n = 62)

Needle
(n = 59)

Laser
(n = 58)

Sham
Laser

(n = 51)
Primary

Overall paina 5.1
(2.1)

5.3
(1.9)

4.9
(1.9)

5.0
(2.1)

4.4
(2.4)

3.3
(2.2)

3.4
(2.2)

3.4
(2.3)

4.6
(2.6)

4.0
(2.7)

4.0
(2.5)

3.9
(2.5)

WOMAC
functionb

26.1
(12.4)

31.3
(11.8)

27.0
(11.3)

27.5
(12.4)

23.0
(13.2)

22.5
(13.1)

21.9
(12.3)

21.7
(12.0)

23.6
(13.4)

22.4
(14.1)

22.6
(13.1)

21.6
(13.6)

Secondary

Pain on
walkinga

4.8
(2.1)

5.5
(2.0)

4.8
(2.0)

5.2
(2.2)

4.3
(2.4)

3.4
(2.2)

3.6
(2.4)

3.7
(2.6)

4.4
(2.6)

4.1
(2.9)

4.1
(2.6)

4.2
(2.6)

Pain on
standinga

4.1
(2.4)

4.6
(2.2)

3.8
(2.1)

4.3
(2.3)

3.8
(2.5)

3.2
(2.3)

3.3
(2.4)

2.9
(2.4)

4.0
(2.6)

3.7
(2.9)

3.8
(2.6)

3.5
(2.9)

Activity
restrictiona

4.1
(2.5)

5.0
(2.5)

4.3
(2.3)

4.5
(2.6)

3.8
(2.6)

3.3
(2.5)

3.0
(2.5)

2.8
(2.5)

4.1
(2.7)

3.4
(2.9)

3.7
(2.8)

3.9
(2.6)

WOMAC painc 7.8
(3.4)

9.0
(3.3)

8.3
(3.1)

8.6
(3.5)

7.3
(3.9)

6.7
(3.8)

6.6
(3.9)

6.6
(3.9)

7.4
(4.1)

6.7
(4.0)

7.1
(4.1)

6.9
(4.0)

AQoL-6Dd 0.77
(0.16)

0.72
(0.15)

0.70
(0.16)

0.73
(0.15)

0.79
(0.16)

0.75
(0.18)

0.73
(0.17)

0.78
(0.12)

0.77
(0.16)

0.74
(0.17)

0.73
(0.17)

0.74
(0.16)

SF-12 PCSe 39.2
(9.0)

36.6
(9.0)

37.6
(10.3)

37.9
(9.6)

39.5
(10.7)

40.7
(9.6)

39.4
(9.5)

40.2
(10.1)

38.9
(11.2)

41.7
(10.8)

38.8
(10.2)

38.2
(9.9)

SF-12 MCSe 55.6
(10.2)

51.3
(11.4)

52.5
(11.1)

52.4
(9.5)

55.8
(9.1)

51.5
(11.0)

53.0
(9.9)

53.2
(10.4)

54.4
(10.2)

51.1
(11.0)

52.1
(9.8)

52.8
(9.1)

Abbreviations: AQoL-6D, Assessment of Quality of Life instrument version 2;
SF-12, 12-item Short Form Health Survey; MCS, mental component summary;
PCS, physical component summary; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Numeric rating scale range, 0-10; higher scores indicate worse pain/activity

restriction. Minimal clinically important difference was 1.8 units for pain.
b WOMAC physical function subscale range, 0-68; higher scores indicate worse

physical function. Minimal clinically important difference was 6 nonnormalized
units.

c WOMAC pain subscale range, 0-20; higher scores indicate worse pain.
d Range, −0.04 to 1.00; higher scores indicate better quality of life.
e Range, 0-100; higher scores indicate better health.
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had slightly more participants with symptoms exceeding 10
years’ duration. Most participants attended 8 or more treat-
ments (eTable 3 in Supplement 2). Adverse events were few,
mild, and transient, and co-interventions were similar
across groups (eTable 3). In the laser groups, most partici-
pants and acupuncturists were unable to identify whether
active or sham acupuncture was delivered (eTable 4 in
Supplement 2).

Table 2 summarizes continuous outcomes. There were no
significant differences in primary outcomes between active and
sham acupuncture at 12 weeks (Table 3) or 1 year (Table 4). Both
needle and laser acupuncture resulted in modest improve-
ments in pain compared with control at 12 weeks (Table 3) that
were not maintained at 1 year (Table 4). Needle acupuncture
improved physical function at 12 weeks compared with con-
trol but was not different from sham acupuncture (Table 3) and
was not maintained at 1 year (Table 4). Most secondary out-
comes showed no difference. Needle acupuncture improved
pain on walking at 12 weeks (Table 3) but was not maintained

at 1 year and improved activity restriction at 1 year (Table 4)
compared with control. Complete case analyses gave similar
results (eTables 5 and 6 in Supplement 2) with no differences
persisting for primary outcomes between active and sham acu-
puncture. When analyzed as treated, there were still no dif-
ferences in primary outcomes between active and sham acu-
puncture (eTables 7 and 8 in Supplement 2). Results changed
negligibly under a model of full adherence to the randomized
intervention (eTables 9 and 10 in Supplement 2). Similar pro-
portions of participants in the acupuncture groups reported
global improvements compared with control at 12 weeks and
1 year (eTable 11 in Supplement 2). Odds ratios for improve-
ment were similar (eTable 11).

Discussion
Needle and laser acupuncture were no more efficacious
than sham laser acupuncture. Although needle and laser

Table 3. Estimated Mean Differences Between Groups, Adjusted for the Baseline Value of the Measure, at 12 Weeks With Multiple Imputation
for Missing Data

Compared With Control Group Other Planned Contrasts

Needles Laser Sham Laser Needles vs Laser
Needles vs Sham

Laser Laser vs Sham Laser
Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Primary

Overall
paina,b

−1.1
(−1.8 to

−0.4)

.002 −0.8
(−1.5 to

−0.1)

.03 −0.7
(−1.5 to

0.1)

.07 −0.3
(−1.0 to

0.4)

.38 −0.4
(−1.2 to

0.4)

.34 −0.1
(−0.9 to

0.7)

.86

WOMAC
functiona,c

−3.9
(−7.7 to

−0.2)

.04 −1.7
(−5.1 to

1.8)

.34 −2.2
(−6.1 to

1.8)

.28 −2.3
(−6.1 to

1.6)

.25 −1.7
(−6.1 to

2.6)

.43 0.5
(−3.4 to

4.4)

.79

Secondary

Pain on
walkinga,b

−1.2
(−2.0 to

−0.4)

.003 −0.6
(−1.4 to

0.2)

.16 −0.7
(−1.6 to

0.2)

.15 −0.6
(−1.4 to

0.1)

.11 −0.5
(−1.4 to

0.3)

.22 0.1
(−0.8 to

1.0)

.84

Pain on
standinga,b

−0.8
(−1.5 to

0.0)

.05 −0.4
(−1.2 to

0.4)

.31 −0.8
(−1.6 to

0.0)

.06 −0.4
(−1.2 to

0.4)

.36 0.0
(−0.8 to

0.8)

.93 0.4
(−0.5 to

1.3)

.37

Activity
restrictiona,b

−0.8
(−1.7 to

0.1)

.08 −0.8
(−1.7 to

0.1)

.09 −0.9
(−1.9 to

0.1)

.07 0.0
(−0.8 to

0.9)

.99 0.1
(−0.8 to

1.1)

.78 0.1
(−0.8 to

1.1)

.80

WOMAC
paina,d

−1.2
(−2.3 to

0.0)

.05 −1.0
(−2.1 to

0.2)

.10 −1.0
(−2.3 to

0.3)

.12 −0.2
(−1.4 to

1.0)

.76 −0.1
(−1.4 to

1.1)

.83 0.1
(−1.3 to

1.4)

.93

AQoL-6De,f −0.01
(−0.06 to

0.04)

.71 0.00
(−0.05 to

0.04)

.87 0.00
(−0.04 to

0.05)

.87 −0.01
(−0.06 to

0.05)

.84 −0.01
(−0.07 to

0.04)

.64 −0.01
(−0.06 to

0.05)

.78

SF-12
PCSe,g

2.7
(−0.5 to

5.9)

.10 0.8
(−2.4 to

4.0)

.62 0.9
(−2.9 to

4.7)

.65 1.9
(−1.4 to

5.1)

.26 1.8
(−2.0 to

5.6)

.35 −0.1
(−4.1 to

3.9)

.97

SF-12
MCSe,g

−2.4
(−5.9 to

1.2)

.19 −1.7
(−5.0 to

1.6)

.32 −1.3
(−5.1 to

2.5)

.50 −0.7
(−4.0 to

2.5)

.67 −1.1
(−4.8 to

2.7)

.57 −0.4
(−3.9 to

3.2)

.83

Abbreviations: AQoL-6D, Assessment of Quality of Life instrument version 2;
MCS, mental component summary; PCS, physical component summary; SF-12,
12-item Short Form Health Survey; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Negative values indicate better (adjusted) mean in that (first-named) group

compared with comparison group.
b Numeric rating scale range, 0-10; higher scores indicate worse pain/activity

restriction. Minimal clinically important difference was 1.8 units for pain.
c WOMAC physical function subscale range, 0-68; higher scores indicate

worse physical function. Minimal clinically important difference was 6
nonnormalized units.

d WOMAC pain subscale range, 0-20; higher scores indicate worse pain.
e Positive values indicate better (adjusted) mean in that (first-named) group

compared with comparison group.
f Range, −0.04 to 1.00; higher scores indicate better quality of life.
g Range, 0-100; higher scores indicate better health.
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acupuncture improved pain after treatment compared with
control, improvements were not sustained at 1 year and
were of a clinically unimportant magnitude.21,26 Improve-
ment in WOMAC physical function with needle acupuncture
relative to control at 12 weeks was of a clinically irrelevant
magnitude22 and did not persist at 1 year. Furthermore, this
improvement was not different from sham laser.

Our findings partially agree with a systematic review
and individual patient data meta-analysis on acupuncture
efficacy for osteoarthritis by Vickers et al,10 which showed
moderate improvements in pain with needle acupuncture
compared with no acupuncture and much smaller but sta-
tistically significant improvements compared with sham.
Our sample size may have contributed to the nonsignificant
findings between active and sham laser acupuncture. We
powered our study for between-group differences based on
MCIDs in primary outcomes. Although a larger sample may
have detected statistically significant effects of active acu-

puncture relative to sham, the clinical relevance of such dif-
ferences would be questionable. Our observed between-
group differences were smaller than the MCIDs, and 95%
confidence intervals indicated that the ranges of plausible
between-group differences were unlikely to have included
differences of any practical importance.

Clinical guidelines vary regarding acupuncture recom-
mendations for knee osteoarthritis. The American College
of Rheumatology conditionally recommends acupuncture
for people with chronic moderate or severe osteoarthritis
pain who are arthroplasty candidates.4 The Osteoarthritis
Research Society International is “uncertain” regarding
acupuncture.27 Initial propositions regarding acupuncture
for osteoarthritis did not achieve expert panel consensus
from the European League Against Rheumatism, and acu-
puncture failed to feature in their final recommendations.3

The American Academy of Orthopaedic Surgeons28 “cannot
recommend using acupuncture” for knee osteoarthritis

Table 4. Estimated Mean Differences Between Groups, Adjusted for the Baseline Value of the Measure, at 1 Year With Multiple Imputation
for Missing Data

Compared With Control Group Other Planned Contrasts

Needles Laser Sham Laser Needles vs Laser
Needles vs Sham

Laser Laser vs Sham Laser

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Estimate
(95% CI)

P
Value

Primary

Overall
paina,b

−0.7
(−1.6 to

0.2)

.14 −0.6
(−1.5 to

0.3)

.19 −0.6
(−1.6 to

0.4)

.22 −0.1
(−1.0 to

0.8)

.83 −0.1
(−1.1 to

1.0)

.91 0.0
(−0.9 to

1.0)

.94

WOMAC
functiona,c

−3.7
(−8.2 to

0.8)

.11 −0.6
(−5.0 to

3.8)

.80 −1.7
(−7.5 to

4.2)

.57 −3.1
(−7.7 to

1.5)

.19 −2.0
(−7.7 to

3.7)

.49 1.1
(−4.8 to

7.0)

.71

Secondary

Pain on
walkinga,b

−0.6
(−1.5 to

0.4)

.27 −0.3
(−1.2 to

0.7)

.57 −0.3
(−1.3 to

0.7)

.56 −0.3
(−1.3 to

0.7)

.59 −0.2
(−1.3 to

0.8)

.65 0.0
(−1.0 to

1.1)

.94

Pain on
standinga,b

−0.5
(−1.4 to

0.5)

.35 −0.2
(−1.1 to

0.8)

.75 −0.6
(−1.7 to

0.5)

.28 −0.3
(−1.3 to

0.7)

.56 0.2
(−1.0 to

1.3)

.79 0.5
(−0.7 to

1.6)

.42

Activity
restrictiona,b

−1.1
(−2.1 to

−0.2)

.02 −0.4
(−1.4 to

0.5)

.37 −0.4
(−1.4 to

0.6)

.45 −0.7
(−1.7 to

0.3)

.15 −0.8
(−1.8 to

0.3)

.16 −0.1
(−1.1 to

1.0)

.93

WOMAC
paina,d

−1.4
(−2.7 to

0.0)

.05 −0.4
(−1.8 to

1.0)

.59 −0.3
(−2.2 to

1.6)

.72 −1.0
(−2.5 to

0.5)

.18 −1.0
(−3.0 to

0.9)

.29 0.0
(−1.9 to

1.9)

.96

AQoL-6De,f −0.01
(−0.07 to

0.05)

.67 0.01
(−0.05 to

0.06)

.80 −0.01
(−0.08 to

0.07)

.87 −0.02
(−0.08 to

0.04)

.50 −0.01
(−0.07 to

0.06)

.83 0.01
(−0.05 to

0.08)

.70

SF-12
PCSe,g

2.3
(−1.7 to

6.3)

.26 −0.4
(−4.4 to

3.6)

.86 −0.7
(−5.0 to

3.5)

.74 2.7
(−1.1 to

6.4)

.17 3.0
(−1.4 to

7.4)

.18 0.4
(−3.8 to

4.5)

.86

SF-12
MCSe,g

−0.9
(−5.2 to

3.4)

.67 −0.9
(−5.5 to

3.7)

.69 −0.3
(−5.8 to

5.1)

.90 0.0
(−4.1 to

4.1)

.99 −0.6
(−5.6 to

4.4)

.81 −0.6
(−5.4 to

4.2)

.81

Abbreviations: AQoL-6D, Assessment of Quality of Life instrument version 2;
MCS, mental component summary; PCS, physical component summary; SF-12,
12-item Short Form Health Survey; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Negative values indicate better (adjusted) mean in that (first-named) group

compared with comparison group.
b Numeric rating scale range, 0-10; higher scores indicate worse pain/activity

restriction. Minimal clinically important difference was 1.8 units for pain.
c WOMAC physical function subscale range, 0-68; higher scores indicate

worse physical function. Minimal clinically important difference was 6
nonnormalized units.

d WOMAC pain subscale range, 0-20; higher scores indicate worse pain.
e Positive values indicate better (adjusted) mean in that (first-named) group

compared with comparison group.
f Range, −0.04 to 1.00; higher scores indicate better quality of life.
g Range, 0-100; higher scores indicate better health.
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and the National Institute for Health and Care Excellence
osteoarthritis clinical guidelines16 advise against acupunc-
ture. Findings from our trial support these latter recommen-
dations.

Our Zelen design overcame some limitations of previous
acupuncture studies. Patient preferences for acupuncture
influence treatment outcomes,11,12,29 and our design
ensured we did not recruit only patients with positive acu-
puncture attitudes. Previous trials have not been able to
blind participants who do not receive acupuncture. The
Zelen design allowed us to blind our control participants,
minimizing the risk of demoralization in our untreated
patients. Although Zelen-design trials may be considered
unethical,30 there are prior examples in the literature,31

including trials of physiotherapy32 and arthroscopy33 for
knee osteoarthritis. Ethical approval required us to disclose
at enrollment that deidentified data would be used in a
larger study evaluating treatments (undisclosed) for knee
osteoarthritis. Thus, all participants consented to their data
being used in ways other than for the observational study
they enrolled in.

Our trial had a low risk of recruitment bias. Contrary to
the patients in the meta-analysis by Vickers et al,10 our
participants did not knowingly volunteer for an acupunc-
ture study. Our sample may have held less-positive expecta-
tions about acupuncture compared with previous re-
search, which may explain the diluted acupuncture effects
(relative to control) we observed. Our findings may not be
generalizable to patients who hold positive beliefs about
acupuncture.

Acupuncture outcomes may be attributed to character-
istic (specific, physiological) and incidental (nonspecific,
contextual, placebo) effects.34 Incidental factors such as
treatment setting, patient expectations and attitudes (such
as optimism), acupuncturist’s confidence in treatment, and
patient and acupuncturist interaction may influence
outcomes.35 In our study, benefits of acupuncture were
exclusively attributed to incidental effects, given the lack of
significant differences between active acupuncture and
sham treatment. Continuous subjective measures, such as
pain and self-reported physical function, as used in our
study, are particularly subject to placebo responses.36 We
may have observed significant differences between active
and sham acupuncture had we included objective outcome
measures.

A major strength of our study is its Zelen design. Other
aspects of our study, such as the head-to-head comparison

of needle and laser acupuncture, acupuncturist blinding in
laser groups, and measurement of 1-year outcomes, are
important additions to the acupuncture literature. However,
we cannot extrapolate beyond the 1-year time period for
acupuncture outcomes, and it is possible that there are ben-
efits of treatment beyond 1 year that we did not capture.
There is little research evaluating laser acupuncture for
chronic knee pain. As such, no laser acupuncture studies
were included in the meta-analysis by Vickers et al.10 We
minimized potential for response and performance bias in
the laser acupuncture groups by including a sham treat-
ment. Lack of acupuncturist and participant blinding to
needle acupuncture may have introduced treatment bias,
response bias, or both in this group and may explain why
needle acupuncture improved pain and function relative to
control at 12 weeks (NRS and WOMAC).

Limitations include 13% to 19% of participants declining
treatment. Although consistent with other Zelen-design
trials (mean, 13.8% crossover rate reported in 58 studies31),
it may have diluted acupuncture effects. However, when
analyzed as treated, primary outcomes did not differ
between active and sham acupuncture. We lost 18% of par-
ticipants to follow-up by 1 year; however, our multiple
imputation analyses corrected for any bias assuming the
missing outcomes were missing at random. Some partici-
pants did not fully adhere to treatment, but modeling
results under the hypothetical scenario of full adherence to
the randomized intervention did not alter outcomes.
Although there is little evidence that acupuncture charac-
teristics modify outcomes,37 our findings cannot be general-
ized to different acupuncture regimens. We did not perform
x-rays. Our findings likely only apply to patients with clini-
cally diagnosed osteoarthritis and moderate or severe pain
(23% [64/282 participants] had baseline pain scores ≥7/10)
and may not be generalizable to end-stage radiographic dis-
ease. We did not include sham needle acupuncture because
of the inability to blind acupuncturists, because of concerns
that sham needling may exert somatosensory effects,38,39

and because it has previously been studied.10

Conclusions
Among patients older than 50 years with moderate to severe
chronic knee pain, neither laser nor needle acupuncture con-
ferred benefit over sham for pain or function. Our findings do
not support acupuncture for these patients.
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