
ANCOVA for Baseline/Follow-Up Measurements
Examples and Power Simulation

Last modified: 2026-03-09



Randomized controlled trial

Pre-measurement Randomization

Intervention 1

Group 1

Intervention 2

Group 2

Post-measurement

Post-measurement

2



Example: Acupuncture and shoulder pain

I Kleinhenz et al. (1999) studied the
effectiveness of acupuncture in improving
mobility in 52 patients with shoulder pain

I Patients were randomly assigned to two
groups (placebo and acupuncture)

I A mobility score (Constant Murley Score)
was assessed before and at the end of the
treatment

I Vickers and Altman (2001) use these data
to illustrate the advantages of analysis of
covariance over other methods

the DNIC systems as thermal stimulation.11 Needling at

trigger points other than acupoints has remarkable

physiological effects.12,13

With an effective placebo for acupuncture, patients

should not be able to distinguish the placebo from the

real penetration of a needle, and they should feel placebo

penetration in the same therapeutic setting as in

acupuncture. DEQI should be felt more often with

acupuncture than with placebo. The same acupoints

should be used with acupuncture and placebo and the

skin should not be penetrated by a placebo treatment.

Methods

Placebo needle

We designed a placebo needle. The needle is not fixed inside the

copper handle. Its tip is blunt, and when it touches the skin a

pricking sensation is felt by the patient, simulating the

puncturing of the skin. The needle moves inside the handle, and

appears to be shortened. To place the needle we used a plastic

ring covered with plastic sheet (figure 1); a procedure we also

used in real acupuncture to ensure the same treatment setting. In

acupuncture the tip of the needle is sharp and is inserted into

deeper tissue layers. This may cause a DEQI feeling. No

differences between real and placebo acupuncture could be seen.

Protocols

29 women and 31 men volunteers, recruited from hospital staff,

aged 21–40 years were included. None had acupuncture

experience, they had no sign of disease, and felt healthy. People

with acute or chronic pain, those taking analgesics or

psychotropic drugs, and those with skin disease at the site of the

acupoint, or who were pregnant were excluded. The study was

approved by the Ethics Commission of the University of

Heidelberg.

Volunteers were told that we were testing a new needle to see

if it was more or less painful than a traditional needle. After

randomisation by sealed envelopes, they were needled in a cross-

over design with acupuncture and placebo at acupoint Hegu

(large intestine 4). 30 volunteers were first punctured with real

acupuncture, 30 others with the placebo needle. The point was

disinfected with alcohol, then marked with the plastic ring which

was covered with plastic sheet. After puncturing the plastic the

needle was depressed; in the case of the real acupuncture

approximately 0·5 cm through the skin, in the case of placebo

acupuncture until the needle touched the skin, and the

shortening of the needle appeared the same as in real

acupuncture.

After 2 min the needles were removed and the volunteers were

asked if they felt the needle penetrate the skin, if the penetration

of the needle was painful on a visual analogue scale (VAS), and if

Summary

Background A problem acupuncture research has to face is

the concept of a control group. If, in control groups, non-

acupoint needling is done, physiological acupuncture

effects are implied. Therefore the effects shown in this

group are often close to those shown in the acupuncture

group. In other trials, control groups have received

obviously different treatments, such as transcutaneous

electrical nervous stimulation or TENS-laser treatment; it is

not clear if the effects of acupuncture are due only to the

psychological effects of the treatment.

Methods We developed a placebo acupuncture needle,

with which it should be possible to simulate an

acupuncture procedure without penetrating the skin. In a

cross-over experiment with 60 volunteers we tested

whether needling with the placebo needle feels any

different from real acupuncture.

Findings Of 60 volunteers, 54 felt a penetration with

acupuncture (mean visual analogue scale [VAS] 13·4; SD

10·58) and 47 felt it with placebo (VAS 8·86; SD 10·55),

34 felt a dull pain sensation (DEQI) with acupuncture and

13 with placebo. None of the volunteers suspected that

the needle may not have penetrated the skin.

Interpretation The placebo needle is sufficiently credible to

be used in investigations of the effects of acupuncture.

Lancet 1998; 352: 364–65

Introduction
Acupuncture has long been used in the treatment of pain,

although proof of its effects is uncertain. Since no

satisfactory placebo to acupuncture has previously been

developed,1–3 it has not been possible to differentiate the

effects of the therapeutic setting from specific effects of

acupuncture needling. To measure such effects, a placebo

method of needling with the same psychological impact

as actual needling is required. Comparison of

acupuncture with other treatments or transdermal electric

nervous stimulation are unsatisfactory as the setting is

largely different from acupuncture. Pricking or scratching

the skin with a blunt needle4,5 can only be applied, blind,

on the back. In most studies no attempt has been made to

evaluate the credibility of the placebo used; psychological

factors may be largely responsible for differences between

groups.

A widely used placebo method is sham-acupuncture or

comparison of the effects of needling indicated and non-

indicated acupoints. Every penetration of a needle

through the skin, be it at an acupuncture point or not,

produces physiological effects. These are partly due to

activation of a pain-suppressing system in the spinal cord,

diffuse noxious inhibitory controls (DNIC),6,7 which can

be activated by stimuli such as ice massage,8 heat,9 and

vibration.10 Acupuncture has shown the same effect on

Introducing a placebo needle into acupuncture research
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Example: Acupuncture and shoulder pain

Follow-up analysis
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Example: Acupuncture and shoulder pain

Change-score analysis
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Example: Acupuncture and shoulder pain

ANCOVA

20 40 60 80 100

20
40

60
80

10
0

Pre−treatment score

P
os

t−
tr

ea
tm

en
t s

co
re

Acupuncture
Placebo

Pla Acu Diff
Baseline 53.9 60.4 6.5
Follow up 62.3 79.6 17.3
Change sc. 8.4 19.2 10.8
ANCOVA 12.7

yi2 = β0 + β1 yi1 + β2 xi + εi

β̂2 = 12.7 (4.1, 21.3)

6



Statistical modeling 1

I Follow-up analysis

m1 <- lm(post ~ grp, dat)
# Estimate Std. Error t value Pr(>|t|)
# (Intercept) 62.30 3.38 18.44 < 2e-16
# grpacu 17.30 4.87 3.55 0.00085

I Change-score analysis

m2 <- lm(post ~ offset(pre) + grp, dat)
# Estimate Std. Error t value Pr(>|t|)
# (Intercept) 8.37 2.95 2.84 0.0065
# grpacu 10.83 4.25 2.55 0.0140
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Statistical modeling 2

I ANCOVA

m3 <- lm(post ~ pre + grp, dat)
# Estimate Std. Error t value Pr(>|t|)
# (Intercept) 24.00 9.11 2.63 0.0113
# pre 0.71 0.16 4.43 5.2e-05
# grpacu 12.71 4.29 2.96 0.0047

I Baseline-adjusted means

predict(m3,
data.frame(pre = mean(dat$pre),

grp = c("plac", "acu"))
)
# 1 2
# 64.5 77.2
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