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OBJECTIVE: To compare pain relief and stability of pain control
in patients with chronic low back pain treated with scheduled 12
hourly doses of controlled-release codeine or as required doses of a
fixed combination of acetaminophen and codeine.
PATIENTS AND METHODS: Patients were assigned to five
days of treatment with controlled-release codeine (Codeine Con-
tin; Purdue Frederick) 100 mg q12h or placebo q12h in a random-
ized, double-blind, parallel group study. Acetaminophen 325 mg
q4h prn was available as rescue to the codeine group and aceta-
minophen 325 mg plus codeine 30 mg q4h prn was available to the
placebo group. Pain intensity was assessed pretreatment and four
times daily using a four-point categorical scale. Acceptability of
therapy was assessed twice daily on a five-point scale.
RESULTS: Of 104 patients enrolled, 82 were able to be evaluated
for safety and efficacy. Sum of pain intensity differences scores
were significantly lower on controlled-release codeine than on as
required acetaminophen plus codeine at all assessments. The
number of changes in pain intensity throughout the day was higher
with acetaminophen plus codeine than with codeine alone (8.6� 0.7
versus 6.1� 0.6, respectively, P=0.011). Mean total daily codeine
dose was 200 mg in the codeine group and 71.1� 6.6 mg in the

acetaminophen plus codeine group (P=0.0001). Mean total daily
prn acetaminophen consumption was 542.2� 86.5 mg in the co-
deine group and 770.8� 71.5 mg in the fixed combination group
(P=0.0452).
CONCLUSION: Twelve hourly dosing of controlled-release co-
deine provides greater and more stable pain relief in patients with
chronic low back pain than as required dosing of an acetaminophen
plus codeine combination.

Key Words: Codeine, Controlled-release dosing, Low back pain

Efficacité d’une codéine à libération contrôlée
administrée toutes les 12 heures comparée à une
association d’acétaminophène et de codéine
administrée au besoin chez des patients
présentant une lombalgie chronique

OBJECTIF : Comparer le soulagement de la douleur et la stabilité du
contrôle de la douleur chez des patients présentant une lombalgie
chronique traités toutes les 12 heures avec une dose de codéine à libé-
ration contrôlée ou avec des doses au besoin d’une combinaison fixe
d’acétaminophène et de codéine.
PATIENTS ET MÉTHODES : On a assigné les patients à un traite-
ment de 5 jours avec de la codéine à libération contrôlée (Codéine Con-
tin, Perdue Frederick) à raison de 100 mg toutes les 12 heures ou à un
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The optimal approach to both pharmacological and nonpharma-
cological management of chronic low back pain is of consid-

erable clinical importance given its incidence among individuals in
their wage-earning years (1-5).

Although opioids in cancer pain are now well established, their
use in the treatment of chronic nonmalignant pain is less well ac-
cepted. Questions remain concerning long term efficacy, toxicity
and addiction, and the possibility of adverse regulatory sanctions
against prescribers of opioids, as identified in an extensive review
by Portenoy (6). Data from placebo controlled clinical trials are lim-
ited to one trial of controlled-release morphine (7) and one of
controlled-release codeine (8). A number of published surveys and
open-label clinical trials also support the safety and effectiveness of
opioid analgesics in carefully selected patients with chronic nonma-
lignant pain (9-20) including pain of neuropathic origin (9,12,17,
18,20-24). In response to this growing body of information several
medical regulatory bodies, such as the College of Physicians and
Surgeons of Alberta, have published guidelines on the appropriate
use of opioids, including morphine, in chronic nonmalignant pain
(25).

As in the treatment of cancer pain, current recommendations for
opioid use in chronic nonmalignant pain are for scheduled dosing
rather than as required administration (17,20). However, with the
exception of morphine – and more recently hydromorphone and
oxycodone, which are available in controlled-release formulations
to treat severe pain – most opioids require administration every 4 h
to provide stable analgesia in patients with chronic pain.

The recent development of a controlled-release formulation of
codeine (Codeine Contin; Purdue Frederick) has provided the op-
portunity to assess the benefits of 12 hourly dosing of an opioid in
patients with less severe pain. A dose-response relationship for this
single entity codeine formulation has been previously established in
the range of 200 to 600 mg/day in patients with cancer pain (26).
The response to acetaminophen plus codeine (600/60 mg) given
four times a day in these patients was approximately equivalent to
that of 150 mg of controlled-release codeine given twice a day. At
equianalgesic doses the adverse event profile of the two formula-
tions was similar despite the higher dose of codeine provided by the
single entity formulation. In a recent study of patients with chronic
noncancer pain of varying etiologies (8) who received as required
doses of an acetaminophen plus codeine combination, the addition

of controlled-release codeine produced significant reductions in
pain, rescue analgesic use and pain-related disability compared with
placebo. It was therefore considered of interest to assess the efficacy
and safety of controlled-release codeine compared with as required
dosing of acetaminophen plus codeine in patients with chronic pain
restricted to the lower back.

PATIENTS AND METHODS
Patients were recruited if they were assessed by the investigator at
each centre to be in need of opioid or fixed combination codeine an-
algesics for the control of stable mild to moderately severe chronic
low back pain. Male and female patients at least 18 years old were
eligible for entry into the study provided there were no medical con-
traindications to their use of oral codeine or acetaminophen to man-
age pain.

Study design
A randomized, double-blind, parallel group design was used to
compare a commonly used fixed combination preparation of aceta-
minophen plus codeine given as required, with a controlled-release
codeine preparation given every 12 h. Patients were randomly as-
signed to five days of either active controlled-release codeine q12h
or matching placebo q12h. For patients in the codeine group, rescue
medication was available as acetaminophen 325 mg prn up to a fre-
quency of every 4 h and was provided when pain was deemed unac-
ceptable by the patient. Patients in the alternate treatment group
received acetaminophen 325 mg plus codeine 30 mg fixed combina-
tion prn up to a frequency of every 4 h.

To demonstrate an increase in low back pain on withdrawal of
prior analgesics, patients were asked to discontinue all such medica-
tions for 24 to 96 h before entry into the study. Upon experiencing
unacceptable low back pain within the 24 to 96 h period, patients re-
turned to the investigator’s office on day 0 (baseline) and were as-
signed to one of the treatments and given instructions for the use of
their test medications. Dosing with controlled-release codeine q12h
or placebo q12h commenced at 20:00. Consumption of rescue medi-
cation was allowed after the mid-day pain assessment.

Pain assessments were made before entry into the study (base-
line = day 0) and then four times daily for five days during the
double-blind period: morning (to assess overnight pain); mid-day
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placebo toutes les 12 heures dans une étude de groupes parallèles, à dou-
ble insu et randomisée. De l’acétaminophène à raison de 325 mg toutes
les 4 heures au besoin était disponible pour le groupe de la codéine, et
une association d’acétaminophène à 325 mg et de codéine à 30 mg toutes
les 4 heures au besoin était disponible pour le groupe placebo. On a
évalué l’intensité de la douleur avant le traitement puis, 4 fois par jour, en
utilisant une échelle absolue de 4 points. L’acceptabilité de la thérapie a
été mesurée deux fois par jour sur une échelle de 5 points.
RÉSULTATS : Des 104 patients participant à l’étude, 82 ont pu être
évalués relativement à la sûreté et à l’efficacité de la thérapie. La somme
des scores de la différence de l’intensité de la douleur étaient considé-
rablement moins élevée pour la codéine à libération contrôlée que pour
l’association d’acétaminophène et de codéine au besoin, à toutes les
évaluations. Le nombre de variations de l’intensité de la douleur au cours
d’une journée était plus élevé avec la combinaison d’acétaminophène et

de codéine qu’avec la codéine seulement (respectivement 8,6±0,7
comparé à 6,1±0,6, P=0,011). La dose de codéine quotidienne totale
moyenne était de 200 mg dans le groupe de codéine et de 71,1±6,6
mg dans le groupe d’acétaminophène associé à de la codéine
(P=0,0001). La consommation quotidienne totale moyenne d’acéta-
minophène au besoin était de 542,2±86,5 mg dans le groupe de codé-
ine et de 770,8±71,5 mg dans le groupe de la combinaison fixe
(P=0,0452).
CONCLUSION : La codéine à libération contrôlée administrée
toutes les douze heures procure un soulagement de la douleur plus
grand et plus stable chez les patients souffrant d’une lombalgie
chronique qu’une combinaison d’acétaminophène et de codéine ad-
ministrée au besoin.



(to assess morning pain); evening (to assess afternoon pain); and
bedtime (to assess evening pain). Patients used a four-point scale to
assess pain intensity (0 = no pain; 1 = slight pain; 2 = moderate pain;
3 = severe pain). Acceptability of therapy, assessed twice daily, was
based on consideration of both efficacy and side effects, and was
rated by the patients using a five-point scale (0 = very poor; 1 =
poor; 2 = acceptable; 3 = good; 4 = excellent).

Adverse effects that occurred during the study were recorded
and followed until resolution.

Data analysis
Average daily pain intensity scores were computed for each patient
using the four ratings collected each day. Pain intensity differences
(PID) were derived by subtracting each pain intensity score re-
corded during the study from the average of all ratings for a given
patient on day 0 (baseline) (ie, before administration of the 12
hourly study medication). The sum of pain intensity difference
(SPID) scores for each patient was calculated for each assessment
time of day by summing the PID scores over each study day. Miss-
ing pain scores were infrequent; those that occurred were replaced
with the patient’s average score for the entire treatment period.

Multivariate repeated measures ANOVA was used to examine
the effect of treatment, centre and study day on PID for each of the
four daily assessment times, as well as for average daily pain inten-
sity. The effect of centre was found to be not significant in every in-
stance (lowest P value was 0.3478), and the analyses were therefore
repeated without centre in the model. To examine the effect of time,
a second repeated measures analysis that included time, day and
treatment as independent factors was performed. SPID scores were
compared by treatment separately for each of the four-daily assess-
ment times and for the average of the daily assessments. Statistical
significance was set at P=0.05 for testing main effects and P=0.10
for interactions, assuming a two-tailed hypothesis. All means are
shown with corresponding SEs.

RESULTS
Of 104 patients enrolled in the study, 53 were randomized to
controlled-release codeine and 51 to acetaminophen plus codeine.
Eight-two patients were able to be evaluated for efficacy and safety,
38 in the codeine group (18 males, 20 females, mean age 53.2� 2.7
years) and 44 in the acetaminophen plus codeine group (19 males,
25 females, mean age 50.6� 2.3 years). Twenty patients (19%) dis-
continued medication before completion of the study (15 on co-
deine and five on acetaminophen plus codeine). The most common
reasons for discontinuation were adverse experiences (n=13 in the
codeine group, n=4 in the fixed combination group), which were
most frequently those typically associated with opioid use (dizzi-
ness, nausea, vomiting). One patient in the codeine group was lost
to follow-up. Two patients, one from each treatment group, discon-
tinued due to inadequate efficacy; however, they were considered
able to be evaluated for efficacy.

The cause of low back pain was categorized as mechanical in-
jury (57%), arthritis (35%) and other (20%), with some patients re-
porting more than one cause. There was no difference between
treatment groups with respect to cause of low back pain. The demo-
graphic characteristics of patients who were able to be evaluated for
efficacy and safety are given in Table 1.

Mean pain intensity scores at each assessment time on each treat-
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TABLE 1
Patient demographics and cause of pain

Demographic CC FC

Sex

Male 18 (47.4%) 19 (43.2%)

Female 20 (52.6%) 25 (56.8%)

Age in years (mean � SE) 53.2�2.2 50.6�2.3

Weight in kg (mean � SE) 79.6�2.7 79.0�2.7

Height in cm (mean � SE) 169.9�1.8 168.4�1.8

Cause of low back pain

Arthritis 14 (36.8%) 13 (29.5%)

Mechanical injury 17 (44.7%) 22 (50.0%)

Other causes 2 (5.3%) 4 (9.1%)

Arthritis + other causes 2 (5.3%) 0 (0.0%)

Mechanical injury + other causes 3 (7.9%) 5 (11.4%)

CC Controlled-release codeine; FC Fixed combinatin of acetamino-
phen plus codeine

Figure 1) Mean pain intensity scores by time and day. AF Afternoon;
APAP Acetaminophen; EV Evening; MO Morning; OV Overnight

Figure 2) Mean sum of pain intensity differences. CC Controlled-release
codeine group; FC Fixed combination of acetaminophen and codeine
group



ment day are presented in Figure 1. Pain scores decreased from
baseline to day 1 on both treatments. However, they were lower in
the codeine group than in the acetaminophen plus codeine group
throughout the study, even though baseline scores were somewhat
higher initially for the codeine group (2.42� 0.11 versus 2.25� 0.09,
P=0.2184). Mean SPID scores were statistically significantly
higher in patients on codeine for each assessment (evening, over-
night, morning, afternoon and daily average) (Figure 2). PID scores,
analyzed using repeated measures ANOVA, differed significantly
by day for all assessment times except afternoon, and none of the

day by treatment interactions were significant. Pain scores varied by
time of day (P=0.0094) but no significant treatment by time interac-
tion was detected (P=0.4775). An intent to treat analysis based on 97
patients for whom at least some of the pain assessments were avail-
able (n=47 in the codeine group, n=50 in the fixed combination
group) was conducted. Results again showed that mean SPID scores
were statistically significantly higher for those on codeine (P<0.02
at all assessment times).

Variation in pain scores appeared greater in the fixed combina-
tion group, especially overnight, as shown in Figure 1. To quantify
this apparent difference in pain intensity fluctuation the total
number of increases, decreases and changes in pain intensity ratings
were calculated for each patient across all study days (Table 2). The
number of such fluctuations in pain intensity was significantly
lower in those on codeine versus acetaminophen plus codeine (in-
creases: 3.0� 0.3 versus 4.0� 0.3, respectively, P=0.032; decreases:
3.2� 0.3 versus 4.6� 0.3, respectively, P=0.006). The magnitude of
pain fluctuations (maximum to minimum) was not statistically dif-
ferent between treatments.

Use of as required analgesic was less in the codeine group than in
the fixed combination group both overnight (0.67� 0.12 versus
0.86� 0.10 doses, respectively, P = not significant) and during the
day (1.0� 0.16 versus 1.53 doses� 0.15, respectively, P=0.0183). The
mean daily dose of codeine was 200 mg in the codeine group and
71.1 mg� 6.6 in the acetaminophen plus codeine group (P=0.0001).
Mean daily consumption of as required acetaminophen was signifi-
cantly lower (P=0.0452) in the codeine group (542.2 mg� 86.5 ver-
sus 770.8 mg� 71.5).

Analysis of adverse event data was based on all patients who
were able to be evaluated for safety (n=52 in the codeine group,
n=51 in the fixed combination group) and therefore included pa-
tients who discontinued early due to side effects. The most fre-
quently reported (greater than 5% of patients on either treatment)
adverse events were those typical of opioid analgesics, ie, nausea,
constipation, headache, dizziness, dry mouth, somnolence, vomit-
ing, dyspepsia and pruritus (Table 3). In all cases except constipa-
tion, the number of reports was greatest in the codeine group,
consistent with the higher dose of codeine received by these pa-
tients. Most of the side effects were of mild or moderate severity.
Nausea, vomiting or both were reported as severe by eight patients
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TABLE 2
Fluctuations in pain intensity ratings over the five-day
study period

CC (q12h) FC (prn)

Number of patients (%) Number of patients (%)

Increases in pain

None 4 (10) 3 (6.8)

1-3 20 (53) .15 (34)

4-6 14 (37) .23 (52)

7-9 0 (0) 3 (6.8)

Mean 2.95�0.30 4.00�0.33

Decreases in pain

None 1 (2.6) 2 (4.5)

1-3 22 (59) 12 (30)

4-6 14 (37) 21 (48)

7-9 1 (2.6) 8 (18)

Mean 3.16�0.29 4.55�0.34

Total number of fluctuations

None 1 (2.6) 1 (23)

1-3 10 (26) 5 (11)

4-6 9 (24) 9 (20)

7-9 8 (21) 7 (16)

�10 10 (26) 22 (50)

Mean 6.11�0.57 8.55�0.65

CC Controlled-release codeine; FC Fixed combinatin of acetamino-
phen plus codeine

TABLE 3
Most frequent adverse events by number of patients and number of reports

Controlled-release codeine Acetaminophen plus codeine

# of pts # of reports % of pts % pts with SAE # of pts # of reports % of pts % pts with SAE

Headache 8 11 15.4 0.8 4 4 7.8 3.9

Dizziness 9 11 17.3 3.8 2 2 3.9 0.8

Somnolence 5 5 9.6 0.8 2 2 3.9 0.8

Nausea 16 20 30.8 15.4 9 14 17.6 3.9

Vomiting 5 5 9.6 7.7 1 1 2.0 2.0

Dyspepsia 4 4 7.7 3.9 2 2 3.9 2.0

Constipation 10 11 19.2 1.9 8 11 15.7 0.8

Dry mouth 8 8 15.4 0.8 0 0 0.8 0.8

Pruritus 3 5 5.8 3.8 2 2 3.9 2.0

Pts Patients; SAE Severe adverse events



(15.4%) on codeine and three patients (5.9%) on the fixed combina-
tion.

Controlled-release codeine q12h was rated as more acceptable
than acetaminophen plus codeine both for overnight (1.97� 0.16
versus 1.61� 0.13, respectively, P=0.1325) and daytime (2.12� 0.17
versus 1.84� 0.13, respectively, P=0.3201), but in neither case was
this difference statistically significant.

DISCUSSION
Back pain represents the second most frequent symptomatic reason
for physician office visits (27) and has an annual incidence of 5% of
the adult population (28). The escalating rate of disability due to
chronic low back pain, reported in many countries, has led to re-
evaluation of a number of current treatment paradigms, as summa-
rized in the recent report of the International Association for the
Study of Pain (IASP) Task Force on Pain in the Workplace (29).
Among the issues considered are the advantages of time-contingent
treatment – in contrast to treatment that is linked to pain or pain-
related behaviour – and, more generally, the relative roles of non-
medical and medical interventions, including the appropriate use of
opioid analgesics.

Although the benefit of time-contingent dosing of analgesics is
well accepted in the clinical management of cancer pain, experi-
mental support for this approach is limited. In a recent study of can-
cer patients receiving as required doses of acetaminophen plus
codeine, addition of 12 hourly doses of controlled-release codeine
resulted in reduction of pain and a high degree of patient preference
compared with placebo (30). Similar results were reported in pa-
tients with chronic nonmalignant pain (8), suggesting that optimal
pain control in both groups of patients is limited by a patient’s will-
ingness to titrate medication adequately. Although the doses of
controlled-release codeine in that study (mean dosage 273 mg/day)
were higher than the doses in this study of patients with low back
pain (200 mg/ day), the results are consistent in confirming im-
proved pain control with time-contingent dosing compared with as
required dosing of a short-acting analgesic. Application of a time-
contingent approach to treatment of chronic low back pain has also
been advocated because it removes the focus of treatment from the
patient’s pain or pain-related behaviours. This avoids the poten-
tially adverse conditioning consequences inherent in an as required
dosing strategy and facilitates efforts to make reduction of disability
the goal of multidisciplinary therapy (29).

Our results also provide important additional information in the
controversy surrounding opioids use in patients with chronic non-
malignant pain. A recent review (31) of the largely anecdotal evi-
dence concluded that there is an adequate rationale for chronic use
of opioids in carefully selected patients who have not responded
adequately to other therapy. The present study, together with a
number of other recent controlled trials of controlled-release mor-

phine (7), codeine (8) or oxycodone (32), supports these anecdotal
observations with a consistent conclusion of analgesic effectiveness
over treatment periods ranging from five days to nine weeks. Recent
re-evaluation of existing treatment paradigms for chronic low back
pain has resulted in considerable scepticism concerning the contri-
bution of medical approaches, including analgesics, to the attain-
ment of therapeutic goals such as reduction of disability and return
to work (29). Although there are undeniable psychosocial dimen-
sions to the disability associated with chronic low back pain, there is
a risk that overemphasis on nonmedical approaches will deny pa-
tients the benefits of significant pain relief demonstrated with a
controlled-release opioid preparation in this study. Additional stud-
ies should define the patient characteristics and history that most ef-
fectively predict both analgesic and functional benefits of opioids
during long term treatment in patients with uncontrolled pain of
nonmalignant origin.

An important but sometimes neglected feature of analgesic ef-
fectiveness determination is the measurement of fluctuation in pain.
In this study not only were average pain scores significantly lower in
the controlled-release codeine group, but also the number of in-
creases or decreases in pain scores throughout the day was less with
12 hourly dosing of codeine than with as required administration of
acetaminophen plus codeine, even though the magnitude of the fluc-
tuations in pain did not differ between the two treatments. A similar
reduction in fluctuations in other pharmacodynamic variables, such as
mood, has been observed in normal volunteers treated with
controlled-release codeine versus immediate-release codeine (33).

The relationship between reduced dosing frequency and im-
proved compliance has been established in a wide range of thera-
peutic areas (34). Improved control of cancer pain with controlled-
release analgesic formulations has been associated with improved
compliance compared with administration of short acting analgesics
(35). Improved compliance and the longer duration of action of
controlled-release preparations are therefore likely to be contribut-
ing factors to the more stable pain control achieved in this study with
12 hourly dosing of controlled-release codeine compared with as re-
quired dosing of the fixed combination preparation.

CONCLUSIONS
Around the clock 12 hourly dosing with controlled-release codeine
provides greater and more stable pain relief than as required dosing
of a short acting, fixed combination analgesic preparation. Time-
contingent dosing of controlled-release opioid preparations is an ef-
fective strategy for relief of chronic low back pain and represents an
important component of multidisciplinary therapy directed at reduc-
tion of disability.
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