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OBJECTIVE: To compare the efficacy and safety of controlled-

release (CR) tramadol (Zytram XL, Purdue Pharma, Canada) and

placebo in patients with painful osteoarthritis.

METHODS: Patients underwent analgesic washout for two to seven

days before random assignment to 150 mg daily of CR tramadol or

placebo, and were titrated weekly to 200 mg, 300 mg or a maximum

of 400 mg once daily. After four weeks, patients crossed over to the

alternate treatment for another four weeks. Plain acetaminophen was

provided as a rescue analgesic. All patients who completed the

crossover study were eligible to receive open label CR tramadol for

six months. 

RESULTS: Seventy-seven of 100 randomly assigned patients were

evaluable for efficacy. CR tramadol resulted in significantly lower

visual analogue scale pain intensity scores (37.4±23.9 versus

45.1±24.3, P=0.0009). Western Ontario and McMaster Universities

osteoarthritis index subscale scores for pain (189.0±105.0 versus

230.0±115.4; P=0.0001) and physical function (632.4±361.3 versus

727.4±383.4; P=0.0205) were significantly better with CR tramadol.

Total pain and disability (22.8±14.5 versus 27.2±14.8; P=0.0004),

and overall pain and sleep (104.7±98.0 versus 141.0±108.2;

P=0.0005) scores in the Pain and Sleep Questionnaire were signifi-

cantly lower for CR tramadol. Short-form 36 Health Survey scores

were significantly better during CR tramadol treatment for the pain

index (38.8±10.8 versus 35.6±9.0; P=0.0100), general health percep-

tion (46.5±11.2 versus 44.4±11.6; P=0.0262), vitality (43.1±13.2

versus 40.2±13.7; P=0.0255) and overall physical components

(40.8±8.9 versus 37.8±7.7; P=0.0002). CR tramadol treatment was

preferred by 55.8% of patients (P=0.0005) versus 20.8% and 23.4%

of patients who chose placebo or had no preference, respectively.

These improvements were sustained for up to six months, and 86.5%

of patients reported at least moderate benefit from CR tramadol dur-

ing long-term treatment.

CONCLUSION: CR tramadol is effective for the management of

painful osteoarthritis.
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Une comparaison croisée aléatoire et à double
insu de l’efficacité et de l’innocuité du tramadol
à libération contrôlée par voie orale et d’un
placebo chez des patients souffrant d’arthrose
douloureuse

OBJECTIF : Comparer l’efficacité et l’innocuité du tramadol à libération

contrôlée (TLC) (Zytram XL, Purdue Pharma, Canada) et d’un placebo

chez des patients souffrant d’arthrose douloureuse.

MÉTHODOLOGIE : Les patients ont subi un sevrage de leurs anal-

gésiques pendant deux à sept jours avant d’être répartis de manière aléa-

toire entre un traitement de 150 mg de TLC et un placebo, et ils ont été

titrés toutes les semaines à 200 mg, 300 mg ou un maximum de 400 mg

une fois par jour. Au bout de quatre semaines, les patients sont passés à

l’autre traitement, de nouveau pendant quatre semaines. Le simple acéta-

minophène servait d’analgésique de rattrapage. Tous les patients qui ter-

minaient l’étude croisée étaient admissibles à recevoir un traitement

ouvert au TLC pendant six mois.

RÉSULTATS : Soixante-dix-sept des 100 patients divisés au hasard pou-

vaient faire l’objet d’une évaluation d’efficacité. Selon l’échelle visuelle

analogique, le TLC s’associait à une diminution considérable de l’inten-

sité de la douleur (37,4±23,9 par rapport à 45,1±24,3, P=0,0009). Les

indices des sous-échelles de la douleur de l’université de Western Ontario

et de l’université McMaster (189,0±105,0 par rapport à 230,0±115,4,

P=0,0001) et la fonction physique (632,4,0±361,3 par rapport à

727,4±383,4, P=0,0205) s’amélioraient de manière significative avec le

TLC. Les indices de douleur totale et d’incapacité (22,8±14,5 par rapport

à 27,2±14,8, P=0,0004) et de douleur globale et de sommeil (104,7±98,0

par rapport à 141,0±108,2, P=0,0005) du questionnaire sur la douleur et

le sommeil étaient beaucoup plus faibles pour le TLC. Les indices du ques-

tionnaire court en 36 questions étaient beaucoup plus positifs pendant le

traitement au TLC pour ce qui est de l’indice de la douleur (38,8±10,8 par

rapport à 35,6±9,0, P=0,0100), de la perception de santé générale

(46,5±11,2 par rapport à 44,4±11,6, P=0,0262), de la vitalité (43,1±13,2

par rapport à 40,2±13,7, P=0,0255) et des éléments physiques globaux

(40,8±8,9 par rapport à 37,8±7,7, P=0,0002). Le traitement au TLC était

préféré par 55,8 % des patients (P=0,0005) par rapport à 20,8 % et 23,4 %

de ceux qui prenaient un placebo ou qui n’avaient pas de préférence,

respectivement. Ces améliorations étaient maintenues jusqu’à six mois, et

86,5 % des patients déclaraient au moins des bienfaits modérés du TLC

pendant le traitement prolongé.

CONCLUSION : Le TLC est efficace pour la prise en charge de

l’arthrose douloureuse.
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An estimated three million people (approximately 10%) in
Canada have signs and symptoms of osteoarthritis (OA),

making it one of the most important public health issues
among the musculoskeletal disorders (1). In the United States,
more than 13% of people aged 55 to 64 years of age have pain
and functional limitation due to knee OA. In the 65- to 74-year-
old age range, the numbers rise to more than 17% (2).
Pathological changes result in various symptoms, including
stiffness, swelling, decreased mobility, instability, deformity
and several different types of joint pain. Current management
of OA is symptomatic and directed primarily toward reducing
inflammation, relieving pain, optimizing joint function and
minimizing disability (3). A survey of Ontario patients with
disabling knee and/or hip OA found estimated direct and indi-
rect arthritis-attributable costs of $12,200 per person annually,
mostly due to time lost from employment or leisure (4).

Conventional pharmacological management options for
OA pain primarily include nonsteroidal anti-inflammatory
drugs (NSAIDs) and acetaminophen. Although NSAIDs
effectively reduce mild to moderate pain, they can be subopti-
mal for the treatment of moderate to severe pain (5). Long-
term use of NSAIDs may lead to gastrointestinal complications
such as ulceration and bleeding (6,7) and, in patients with a
history of or increased risk for cardiovascular disease, the use of
cyclo-oxygenase 2 selective inhibitors are associated with an
increased risk for cardiovascular events (8-10). The American
Heart Association recently released a statement recommend-
ing that NSAIDs be used only after other treatments for mus-
culoskeletal pain have failed, rather than as a first-line option
(11).

Combination opioid and acetaminophen products have tra-
ditionally been used for the treatment of moderate to severe
OA pain. However, several studies have shown that patients
with chronic noncancer pain can experience sustained analge-
sia with opioid therapy without developing addiction (12-15).
As a result, opioids such as tramadol are receiving greater con-
sideration for the treatment of this type of pain.

Tramadol is a centrally acting aminocyclohexanol anal-
gesic with complementary mechanisms, including activation
of μ-opioid receptors, and inhibition of norepinephrine and
serotonin reuptake (16). The development of tolerance has
been reported to be rare (17,18) and withdrawal symptoms,
when present, are considered relatively mild (18). There has
been little evidence of abuse in foreign postmarketing experi-
ence (19,20) and the overwhelming majority of cases occur in
individuals with a history of substance abuse (19). Recently,
the World Health Organization Expert Committee on Drug
Dependence determined that, despite an increase in the extent
of its therapeutic use, tramadol continues to be minimally
abused, and opted to forgo a formal review of its present status
as a nonscheduled substance (21). Compared with other cen-
trally acting analgesics, tramadol lacks typical adverse effects,
producing only mild respiratory depression (22), no clinically
relevant cardiovascular effects (23), and minor effects on
bowel function and colonic transit time (24,25). Therefore,
tramadol may be potentially useful for the treatment of OA
pain.

Tramadol is generally well-tolerated and has been evalu-
ated for the treatment of acute pain (26), chronic pain (27),
cancer pain (28,29), painful diabetic neuropathy (30,31),
polyneuropathy (32), fibromyalgia (33) and OA pain (34-41).
The American Pain Society recommends tramadol for the

management of OA pain when NSAIDs alone produce inade-
quate pain relief (42). Tramadol has also been shown to be
effective in the treatment of chronic pain in combination with
acetaminophen (43-48). Single-entity, controlled-release
(CR) opioid formulations provide the advantage of around-
the-clock dosing, without the restriction that arises from the
acetaminophen component of combination preparations when
titrating the dose to optimal effect (14).

The short elimination half-life of immediate-release (IR)
tramadol necessitates dosing every 4 h to 6 h to maintain opti-
mal levels of analgesia in chronic pain. To overcome the diffi-
culties associated with treatment dosing, Purdue Pharma
formulated once-a-day CR tramadol tablets (Zytram XL,
Purdue Pharma, Canada). CR preparations provide an
extended duration of action, more constant plasma concentra-
tions, a reduced dosing frequency, and the potential for
improved compliance and therapeutic outcomes. The bioavail-
ability of this new once-daily CR tramadol formulation is com-
parable with IR formulations, with a half-life three to four
times longer (16 h versus 4 h to 6 h) and an extent of absorp-
tion similar to IR tramadol given three times daily (49). In a
previous study (50) of this formulation for the treatment of
chronic noncancer pain, including OA, patients who received
scheduled, once daily CR tramadol took higher daily doses and
had better pain control than patients taking IR tramadol as
needed. In addition, the study demonstrated that CR tramadol
provided a full 24 h of pain relief without any evidence of end-
of-dosing-period analgesic failure.

The objective of the present randomized, double-blind,
crossover study was to compare CR tramadol with placebo in
the treatment of moderate or greater OA pain of the hip(s)
and/or knee(s). A six-month open label extension phase
served to evaluate the long-term efficacy and safety of CR tra-
madol, and to confirm the sustainability of the benefits pro-
vided during the double-blind phase.

METHODS
Patients
Men and nonpregnant, non-nursing women over the age of
18 years, diagnosed with OA and requiring the use of aceta-
minophen, anti-inflammatory agents or combination opioid
and nonopioid analgesics for at least three months were eligi-
ble for the present study. OA was defined by the presence of
hip and/or knee symptoms (pain, stiffness, disability) and signs
(bony crepitus), as well as radiographic evidence of OA in the
medial and/or lateral tibiofemoral compartment (with or with-
out patellofemoral OA), or in the hip. Radiographic evidence
was defined by the presence of at least one of the following:
osteophytes, joint space narrowing, periarticular sclerosis or
subchondral cysts, with a minimum grade 2 severity, as illus-
trated in the Atlas of Standard Radiographs of Arthritis (51).
Patients with more advanced grades were eligible if they were
not awaiting surgery. Patients using only acetaminophen at the
time of enrollment were required to have pain of at least mod-
erate intensity (a 2 or greater on a 0 to 4 ordinal pain scale) at
both visits 1 and 2. Patients treated with any other opioid or
nonopioid analgesic were required to have at least moderate
pain (a 2 or greater on a 0 to 4 ordinal pain scale) after a two
to seven day washout period at visit 2. 

Patients with intolerance to any opioid, tramadol or aceta-
minophen were excluded. Patients who required more than
eight tablets per day of acetaminophen plus codeine, or its

Thorne et al

Pain Res Manage Vol 13 No 2 March/April 200894

Thorne_11004.qxd  11/04/2008  1:46 PM  Page 94



analgesic equivalent, or with a history of drug or alcohol abuse
were also excluded. The following medical conditions were
exclusionary: any other form of joint disease or previous replace-
ment of the study joint, renal or hepatic impairment (alanine
aminotransferase or aspartate aminotransferase more than two
times the upper limit of the normal range), shortened gastroin-
testinal transit time, peptic ulcer disease, inflammatory disease
of the gastrointestinal tract, cardiac or respiratory conditions
that put the patient at risk for respiratory depression, a history of
seizures or a recognized risk for seizure, and any other condition
that would adversely affect the patient’s safety or obscure the
assessment of efficacy. Patients receiving monoamine oxidase
inhibitors, carbamazepine, quinidine, selective serotonin reup-
take inhibitors or tricyclic antidepressants, cyclobenzaprine,
promethazine, neuroleptics, warfarin or digoxin were excluded.
Patients who received an investigational drug within the last
month were also ineligible. Research ethics boards (both local
and central) approved the protocol and informed consent, and
each patient gave written informed consent before participating
in the present study.

Medications
Medications included oral CR tramadol 150 mg, 200 mg,
300 mg and 400 mg tablets and matching placebo tablets. All
patients were randomly assigned to receive either active or
placebo CR tramadol 150 mg once daily in the morning. Both
the active and placebo doses were titrated to 200 mg, 300 mg
or 400 mg weekly, based on pain control and side effects.
Patients who were unable or unlikely to tolerate a dose
increase were maintained on their previous maximum toler-
ated dose until the next clinic visit, at which time the accept-
ability of a dose increase was re-evaluated. Breakthrough pain
was managed throughout the study with 325 mg to 650 mg
plain acetaminophen (Tylenol, McNeil Consumer Healthcare,
Canada) every 4 h to 6 h as required. 

Study design
The present study was a randomized, double-blind, eight-week
crossover comparison of CR tramadol, administered once per
day in the morning, at a dose of 150 mg, 200 mg, 300 mg or
400 mg, and placebo. Ethics approval was obtained from
Institutional Review Board Services (Aurora, Ontario), the
University of Saskatchewan Biomedical Research Ethics Board
(Saskatoon, Saskatchewan) and the Ottawa Hospital Research
Ethics Board (Ottawa, Ontario). Patients were withdrawn from
all analgesics (except acetaminophen) for a two- to seven-day
washout period before random assignment. Patients returned to
the clinic for weekly visits, and underwent four weeks of treat-
ment in the first phase of the study, before switching to the alter-
nate treatment for another four weeks. Patients who successfully
completed the randomized phase were eligible to receive open
label CR tramadol for a period of up to six months.

Throughout the washout period and the randomized treat-
ment phase, patients recorded their pain intensity in a diary,
twice per day (08:00 and 20:00), using a five-point ordinal
scale (0 = none, 1 = mild, 2 = moderate, 3 = severe, 4 = excru-
ciating) and a 100 mm visual analogue scale (VAS). The VAS
was a 100 mm unmarked line, bounded on the left by ‘no pain’
and on the right by ‘excruciating pain’. Pain intensity over the
previous 24 h and over the previous week was also assessed at
two, four and six months during the open label phase, using
the 100 mm VAS and five-point ordinal scales.

At baseline, crossover, the end of the double-blind study,
and every two months during the open label phase, patients
completed the pain, stiffness and physical function subscales of
The Western Ontario and McMaster Universities (WOMAC)
OA index (52). Each subscale rating is determined by adding a
series of 100 mm VAS scales. The pain subscale consists of five
items: ‘pain walking on a flat surface’, ‘pain going up or down
stairs’, ‘pain at night while in bed’, ‘pain sitting or lying’ and
‘pain standing upright’ (anchors: no pain, extreme pain). The
stiffness subscale consists of two items: ‘how severe is stiffness
on awakening’ and ‘how severe is stiffness later in the day’
(anchors: no stiffness, extreme stiffness). The physical func-
tion subscale consists of 17 items: ‘difficulty descending stairs’,
‘difficulty ascending stairs’, ‘difficulty rising from sitting’, ‘diffi-
culty standing’, ‘difficulty bending to the floor’, ‘difficulty
walking on flat surfaces’, ‘difficulty getting in/out of a car’, ‘dif-
ficulty going shopping’, ‘difficulty putting on socks/stockings’,
‘difficulty rising from bed’, ‘difficulty taking off socks/stock-
ings’, ‘difficulty lying in bed’, ‘difficulty getting in/out of bath’,
‘difficulty sitting’, ‘difficulty getting on/off toilet’, ‘difficulty
with heavy domestic duties’ and ‘difficulty with light domestic
duties’ (anchors: no difficulty, extreme difficulty). 

Patients rated their pain-related disability at baseline,
crossover, end of study, and every two months throughout the
open label phase using the Pain and Disability Index (PDI)
(53,54), which consists of seven 11-point ordinal subscales:
family/home responsibilities, recreation, social activity, occu-
pation, sexual behaviour, self care and life support activity
(anchors: no disability, total disability). An overall disability
score was determined by adding the individual ratings
(12,15,50,55,56).

At baseline, crossover and the end of the study, as well as at
two, four and six months into the open label extension, the
impact of pain on sleep (since the last evaluation) was assessed
with the eight-item Pain and Sleep Questionnaire
(15,16,50,55,56). Seven items were rated on a 100 mm VAS
(anchors: never to always), and the final item was based on the
number of hours of sleep. Items 1 through 5 (‘trouble falling
asleep’, ‘needed pain medication to sleep’, ‘needed sleep med-
ication to sleep’, ‘awakened by pain at night’, ‘awakened by
pain in the morning’) were added to determine a composite
score (56,57).

At baseline, crossover, end of study visits and every two
months throughout the open label phase, the general health
status outcome measure – the Short-form 36 Health Survey
(SF-36) – was administered (58). The SF-36 includes one
multi-item scale measuring eight health concepts: physical
functioning, role limitations due to physical health problems,
bodily pain, general health, vitality (energy/fatigue), social
functioning, role limitations due to emotional problems, and
mental health (psychological distress and psychological well-
being).

Effectiveness of treatment was assessed by the patient and
the investigator at screening, baseline, crossover and end of
the double-blind study using a four-point categorical scale (not
effective, slightly effective, moderately effective, highly effec-
tive) (55,56,59). Overall treatment phase preference was
assessed by the patient and the investigator at the end of the
study, without unblinding the treatment allocation, by answer-
ing the question: “Which treatment period did you prefer in
the management of your pain?” (treatment period 1; treatment
period 2; no preference). 

CR tramadol reduces OA pain
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During the open label phase, patients rated the overall clin-
ical benefit conferred by CR tramadol at all scheduled and
unscheduled clinic visits using a four-point scale (1 = a great
deal of benefit; 2 = moderate benefit; 3 = slight benefit; 4 = no
benefit). 

Adverse events spontaneously reported by patients and
observed by the investigator were recorded at each clinic visit
throughout the double-blind and the open label phases.

Data analysis
The primary measures of efficacy were the VAS and five-point
ordinal pain intensity scales from the patient daily diaries aver-
aged over the last week of treatment in each phase. It was esti-
mated that with 60 patients completing the study, there would
be 80% power (β=0.20) at the 5% significance level (α=0.05)
to detect a difference of 10 mm in VAS pain intensity. Analysis
of efficacy was restricted to patients who completed at least
two weeks of treatment in each study phase (per protocol pop-
ulation), while all patients who received test medication were
evaluated for safety. The full analysis set (intent-to-treat
[ITT]) was used to confirm the results of the primary efficacy
variables, the WOMAC and overall treatment preference.

Three-way ANOVA was used to test for the effect of treat-
ment, phase and sequence (carryover) using the mean scores
by treatment. The patient-within-sequence variance was used
as the error term for testing sequence effect. 

Secondary end points included: the WOMAC OA index,
PDI, Pain and Sleep Questionnaire, SF-36, treatment effec-
tiveness and treatment preference. The use of rescue medica-
tion was compared for each treatment, based on the average
daily consumption, and was summarized each week.  All sec-
ondary assessments were analyzed using a three-way ANOVA
to test for the effects of treatment, phase and sequence (carry-
over). Comparison of treatment preference rates was tested
using Prescott’s test (60), which accounts for responses of ‘no
preference’.

The change from baseline (CFB) in the double-blind phase
was calculated for each treatment for both the primary and sec-
ondary end points. During the open label phase, the CFB was
calculated, where baseline was the last week of treatment dur-
ing the double-blind phase. In both cases, the paired t test was
used to test the null hypothesis of no CFB. 

Adverse events were coded using preferred terms (Coding
Symbols for a Thesaurus of Adverse Reaction Terms, Fourth
Edition [61]). McNemar’s test was applied to detect differences
in the overall frequency of side effects between the treatments. 

All data are reported as mean ± SD. Statistical significance
was defined as P<0.05 for a two-tailed hypothesis.

RESULTS
Patient disposition
There were 100 randomly assigned patients (45 men,
55 women, mean age 61.0±10.3 years). Eighty-two per cent of
patients had OA of the knee, 9% had OA of the hip and 9%
had OA in both locations. The mean duration of OA pain was
8.3±6.8 years. Patients assessed as having an OA grade of 2 or
3 on their study joint made up 94.5% of randomly assigned
patients. Twenty-five patients withdrew after random assign-
ment (15 due to adverse events, four due to lack of efficacy,
three due to withdrawn consent, one due to a protocol viola-
tion, one was lost to follow-up and one left early because of
plans to leave town). Of the 15 patients who withdrew due to
adverse events, 12 were receiving CR tramadol and three were
receiving placebo at the time of their withdrawal. Seventy-
seven patients (36 men, 41 women) were evaluable for efficacy
(Figure 1), with an average age of 59.4±9.6 years and a mean
weight and height of 91.0±21.4 kg and 167±10.9 cm, respec-
tively. 

Medication dose
The mean daily dose of study medication during the last week
of treatment of each phase was significantly lower in the active
CR tramadol group (340.3±90.7 mg/day) than in the placebo
group (372.1±57.6 mg/day; P=0.0100). There was a signifi-
cantly greater use of rescue medication during the placebo
phase (3.4±3.6 tablets/day) than during the CR tramadol
phase (2.4±3.1 tablets/day; P=0.0071).

Pain intensity
At baseline, the daily diary pain intensity scores were
50.8±17.3 mm for the VAS scale and 2.2±0.5 for the five-point
ordinal scale. During the last week of treatment, the mean VAS
score was significantly lower in the CR tramadol group
(37.4±23.9 mm) than in the placebo group (45.1±24.3 mm;
P=0.0009). The CFB in the VAS score was 26.5% (P=0.0001)
for CR tramadol treatment and 11.3% (P=0.0244) for placebo
treatment (Figure 2). The five-point ordinal scores with CR tra-
madol were also significantly lower than placebo scores during
the last week of treatment (1.7±0.8 versus 1.9±0.8; P=0.0060).
The CFB for the ordinal pain scores was 24.3% (P=0.0001) for
CR tramadol and 13.4% (P=0.0003) for placebo treatment. The
ITT analysis confirmed these results, with CR tramadol scores
significantly lower than placebo for both VAS (38.2±22.7 mm
versus 47.7±25.7 mm, P=0.0001) and the ordinal pain intensity
scale (1.7±0.8 versus 2.0±0.9, P=0.0010). An analysis of carry-
over effect found no significance.

WOMAC OA index
The composite scores for the pain and physical function
inventories of the WOMAC OA index during the last week
of each treatment phase were significantly better following
CR tramadol treatment, compared with placebo treatment.
The composite scores for the pain inventory were
189.0±105.0 mm (34.5% CFB, P=0.0001) for CR tramadol
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100 PATIENTS RANDOMIZED

PHASE I (4 weeks)
Initial Dose 150 mg

Weekly Clinic Visits &
Titration to 200, 300, 400 mg

Active CR Tramadol
+

Acetaminophen Rescue
(n = 50)

WITHDRAWN n = 12

Placebo CR Tramadol
+

Acetaminophen Rescue
(n = 50)

WITHDRAWN n = 6

AE
Lack of Efficacy
Consent Withdrawn

n = 3
n = 2
n = 1

Placebo CR Tramadol 
+

Acetaminophen Rescue
(n = 38)

WITHDRAWN n = 3

Consent Withdrawn
Lack of Efficacy
Protocol Violation

n = 1
n = 1
n = 1

Active CR Tramadol 
+

Acetaminophen Rescue
(n = 44)

WITHDRAWN n = 4

AE n = 4

EVALUABLE n = 77
Completed 8 weeks of treatment n = 75

BASELINE
Pre-Study Analgesics 

Discontinued

PHASE II (4 weeks)
Initial Dose 150 mg

Weekly Clinic Visits &
Titration to 200, 300, 400 mg

AE
Lack of Efficacy
Consent Withdrawn
Lost to Follow-Up
Other

n = 8
n = 1
n = 1
n = 1
n = 1

Figure 1) Study design and patient disposition. AE Adverse events;
CR Controlled-release
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treatment and 230.0±115.4 mm (19.8% CFB, P=0.0001) for
placebo treatment (P=0.0007). For the physical function sub-
scale, the composite scores were 632.4±361.3 mm (29.4%
CFB, P=0.0001) and 727.4±383.4 mm (19.2% CFB,
P=0.0001) following CR tramadol and placebo treatment,
respectively (P=0.0205). The composite scores for the stiffness
subscale were not significantly different between the treatment
groups, although there were significant changes from baseline
following both CR tramadol (23.4% CFB, P=0.0001) and
placebo treatment (19.5% CFB, P=0.0001) (Figure 3). These
results were confirmed by the ITT analysis (pain subscale: CR
tramadol, 196.1±103.6 mm versus placebo, 244.4±124.8 mm,
P=0.0001; physical function subscale: CR tramadol,
656.1±353.4 mm versus placebo, 773.1±404.2 mm, P=0.0037).

PDI
On the PDI, a higher score is indicative of greater disability.
Six of the seven subscales were significantly lower in the final
week of treatment with CR tramadol than with placebo (all
except ‘sexual behaviour’). The total pain and disability score
was also significantly better following CR tramadol treatment
(22.8±14.5) than following placebo treatment (27.2±14.8;
P=0.0004) (Table 1). Five of the seven subscales, as well as the
total pain and disability score, showed significant improve-
ments from baseline after treatment with CR tramadol (CFB
range 19.7% to 34.7%, P≤0.0099). None of the subscales, nor
the overall pain and disability score, showed significant differ-
ences from baseline with placebo treatment (<8.3%,
P≥0.1962) (Table 1). 

Pain and Sleep Questionnaire
There were significantly better scores on the Pain and Sleep
Questionnaire during the last week of treatment for the CR
tramadol group, compared with the placebo group, in five of
eight items on the questionnaire (‘trouble falling asleep’,
‘needed pain medication to sleep’, ‘needed sleep medication to
sleep’, ‘awakened by pain in the morning’, ‘average hours of
sleep per night’). The overall pain and sleep score was also sig-
nificantly better for CR tramadol than for placebo
(104.7±98.0 mm versus 141.0±108.2 mm; P=0.0008) (Table 2).
In addition, significant changes from baseline were observed in

all eight of the items following treatment with CR tramadol
(CFB range: 8.0% to 51.3%, P≤0.0030), but only in four cate-
gories after placebo (CFB range: 2.4% to 26.4%, P≤0.0030).
The overall pain and sleep score was significantly improved
from baseline for both treatments (CR tramadol 42.9%,
P=0.0001; placebo 21.8%, P=0.0023) (Table 2).

SF-36
Scores for the Canadian normalized domains of the SF-36 at
the end of the treatment period were significantly better fol-
lowing CR tramadol compared with placebo treatment in
three of eight categories: ‘pain index’ (38.81±10.76 versus
35.61±9.01, P=0.0100); ‘general health perception’
(46.54±11.20 versus 44.39±11.63, P=0.0262); and ‘vitality’
(43.14±13.20 versus 40.21±13.70, P=0.0255). The overall
physical component score also significantly improved follow-
ing treatment with CR tramadol (40.78±8.68) compared with
placebo (37.78±7.71, P=0.0002). In all other categories, there
were no significant differences found between the treatment
groups (P>0.0693) (Figure 4).

There were significant improvements over baseline in
seven of the eight functional categories of the SF-36 following
CR tramadol treatment (CFB range 4.5% to 18.3%,
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Figure 2) Mean visual analogue score (VAS) pain intensities for the
last week of treatment (diary scores). *P=0.0009 between treatments;
†P=0.0001; ‡P=0.0244 decrease from baseline. CR Controlled-
release

TABLE 1
Pain and Disability Index during the last week of treatment

Controlled-
release

Baseline tramadol Placebo P*

Family and home 4.7±2.6 3.5±2.4† 4.4±2.4 0.0001

responsibilities

Recreation 6.1±2.8 4.8±2.8† 5.6±2.7 0.0083

Social activity 4.1±2.7 3.2±2.5† 4.1±2.7 0.0028

Occupation 5.0±2.8 3.9±2.7† 4.6±2.8 0.0047

Sexual behaviour 3.5±2.9 3.6±3.0 3.6±2.0 0.8396

Self care 2.7±2.4 2.3±2.3 2.9±2.5 0.0089

Life support 2.3±2.4 1.5±2.1† 2.1±2.4 0.0499

Total pain 28.5±14.0 22.8±14.5† 27.2±14.8 0.0004

and disability

Results presented as mean ± SD. *Between treatments; †Change from base-
line P≤0.0099
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Figure 3) Western Ontario and McMaster Universities osteoarthritis
index during the last week of treatment. *P=0.0007 between treat-
ments; †P=0.0205 between treatments; ‡P=0.0001 decrease from
baseline. CR Controlled-release; VAS Visual analogue scores
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P≤0.0357), while such differences were only observed in two
categories after placebo treatment (CFB range 8.1% to 10.9%,
P≤0.0111). There was a significant CFB for the physical com-
ponent scale following CR tramadol treatment, but this
change was not significant after placebo treatment (9.6% CFB,
P=0.0001; 2.5% CFB, P=0.1973). There was no significant
change after either treatment on the mental component scale
(Figure 4).

Treatment effectiveness and preference
Patients and investigators rated the effectiveness of CR tra-
madol as significantly higher than that of placebo (patients:
1.6±1.1 versus 0.9±1.0, P=0.0001; investigators: 1.5±1.1 versus
0.9±1.0, P=0.0010). Patients receiving CR tramadol rated their
treatment as moderately or highly effective in 55.8% of cases,
while only 25% of patients receiving placebo provided the same
rating of their treatment. Similarly, 52.0% of investigators rated
CR tramadol as moderately or highly effective, while only
27.6% gave the same rating to the placebo treatment.

Patients and investigators expressed significant preference
for CR tramadol treatment. The per protocol population
patients preferred the phase in which they received CR tra-
madol in 55.8% of cases; 20.8% of patients preferred the phase
in which they received placebo and 23.4% had no preference
(P=0.0005). Investigators preferred the phase in which
patients received CR tramadol in 53.2% of patients, placebo in
18.2% of patients and had no preference in 27.3% of the cases
(P=0.0004). These results were confirmed by the ITT analysis,
in which 55.4% of patients preferred the phase in which they
received CR tramadol, 19.3% preferred the phase in which
they received placebo, and 21.7% had no preference
(P=0.0001). Similarly, investigators preferred the CR tramadol
phase in 51.8% of patients, the placebo phase in 16.9% of
patients and had no preference in 26.5% of cases (P=0.0001).

Adverse events
Seventy-five patients (79.8% of patients who received CR
tramadol; n=94) reported adverse events (AEs) during CR

tramadol treatment. Fifty-eight patients (65.9% of patients
who received placebo; n=88), reported AEs during placebo
treatment. The difference in the overall frequency of AEs
between treatment groups was not significant (P=0.0833).
During the CR tramadol phase, 288 events were reported, with
a mean maximum severity of 1.7 (1 = mild, 2 = moderate; 3 =
severe). During the placebo phase, 166 events were reported,
with a mean maximum severity of 1.5. The most frequently
reported AEs are listed in Table 3. There was significantly
more nausea (P=0.0326), constipation (P=0.0011) and sweat-
ing (P=0.0253), and significantly less insomnia (P=0.0455)
reported during CR tramadol treatment compared with
placebo treatment. 

Because the present study was a titration-to-effect study, the
number of patients reporting AEs at a given dose was exam-
ined in a posthoc subanalysis. The majority of patients were
receiving the 400 mg dose (61%), therefore the frequency of
AEs was compared for low doses (150 mg, 200 mg or 300 mg)
and high doses (400 mg) of CR tramadol. Patients on the high
dose tended to have fewer AEs than patients on the lower
doses. For example, nausea was reported by 60% of patients on
the low doses, versus 29.6% of patients on the high dose.
Similarly, somnolence was reported by 45.7% of patients on
the low dose, compared with 31.5% of patients receiving the
high dose. The incidence of constipation was similar on both
low and high doses (25.7% versus 24.1%, respectively).

One serious AE occurred during the double-blind phase of
the study. A patient with a history of supraventricular tachy-
cardia experienced an atrial flutter while receiving 150 mg of
placebo. The patient was withdrawn from the study and was
prescribed sotalol to control the arrhythmia. 

Open label extension
Of 75 eligible patients, 53 (70.7%) chose to receive CR tra-
madol in the open label phase. Twenty-four patients withdrew
from the open label phase: nine due to AEs, four due to insuf-
ficient therapeutic effect, four due to resolution or remission
of the treatment indication, one due to progression of the
underlying disease, one due to a protocol violation, two were
lost to follow-up, and three identified the reason for termination
as ‘other’, which included an inability to attend clinic visits,
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TABLE 2
Pain and Sleep Questionnaire during the last week of
treatment

Controlled-
release

Baseline tramadol Placebo P*

Trouble falling 41.0±26.7 24.2±21.6† 31.6±24.9‡ 0.0067

asleep

Needed pain 33.0±33.2 20.2±28.5† 29.4±30.9 0.0027

medication to sleep

Needed sleeping 16.9±29.7 8.4±21.1† 13.6±25.9 0.0074

medication to sleep

Awakened by pain 45.8±31.3 27.2±25.8† 33.2±27.4‡ 0.0515

at night

Awakened by pain 45.6±33.6 24.7±24.7† 33.5±27.8‡ 0.0020

in morning

Partner awakened 28.7±29.6 16.6±19.5† 22.6±23.6 0.0632

Hours of sleep 6.0±1.6 6.5±1.2† 6.2±1.4‡ 0.0096

Quality of sleep 41.8±25.7 53.7±25.9† 50.5±25.4 0.2172

Total pain and 183.4±123.6 104.7±98.0† 141.0±108.2‡ 0.0008

sleep

Results presented as mean ± SD. *Between treatments; †Change from base-
line P≤0.0030; ‡Change from baseline P≤0.0023
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Figure 4) Short-form 36 Health Survey during the last week of treat-
ment (per protocol population). Higher scores indicate a better health
state. Data normalized to the Canadian population. *P≤0.0262
between treatments; †P≤0.0357 change from baseline. CR Controlled-
release
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choice for elective surgery and noncompliance with study med-
ication. Twenty-nine patients (54.7%) completed the open label
extension. The mean final dose of CR tramadol was
313.2±100.1 mg/day, compared with 330.2±93.7 mg/day during
the last week of double-blind active treatment for these patients.
The mean duration of exposure was 133.0±63.2 days. When
combined with the double-blind phase, the mean CR tramadol
exposure was 161.2±63.0 days.

For measures of pain intensity (VAS and ordinal scales,
WOMAC pain subscale), functionality (WOMAC stiffness
and physical function subscales, PDI) and sleep (Pain and
Sleep Questionnaire), the significant changes achieved during
the double-blind phase of the study were maintained through-
out the duration of the open label phase (P≥0.1152). Mean
values for primary end points and summary scales are presented
in Table 4.

For the SF-36, the majority of categories showed no change
from the values at the end of the double-blind phase
(P≥0.1315). A significant decrease from baseline was observed
in the physical functioning domain (46.8% change from the
end of the double-blind study, P=0.0001). There was also a sig-
nificant decrease in the overall physical component summary
scale (23.7% change from the end of the double-blind study,
P=0.0001) and a significant increase in the mental component
summary scale (9.5% change from the end of the double-blind
study, P=0.0011) (Table 4).

At the end of the open label phase, the mean clinical ben-
efit was 1.8±0.8 on the ordinal pain intensity scale (where 1 =
a great deal of benefit, 2 = moderate benefit, 3 = slight benefit,
4 = no benefit). At the last open label visit, 23 patients
(44.2%) reported receiving moderate benefit, and 22 patients
(42.3%) reported receiving a great deal of benefit from CR tra-
madol.

There were 136 AEs reported by 40 patients during the
open label extension, with a mean maximum severity of 1.8.
The most frequently reported adverse events were constipation
(19 patients [35.9%], mean maximum severity 1.4) and nausea
(eight patients [15.1%], mean maximum severity 1.5).
Dyspepsia and somnolence were each reported by five patients
(9.4%, mean maximum severity 2.0 and 1.4, respectively).

Anorexia, dizziness, pain, vasodilatation and urinary tract
infection were each reported by four patients (7.5%).
Vomiting, dry mouth, insomnia, hypertension and accidental
injury were each reported by three patients (5.7%). There were
two serious AEs during the open label phase, although both
were scheduled orthopedic surgeries and were not related to
the study medication. Table 5 presents the most common AEs
reported during the open label phase, compared with their
incidence during the double-blind phase.

DISCUSSION
The results of the present randomized, double-blind crossover
study demonstrate that CR tramadol, at doses up to
400 mg/day, was significantly more effective than placebo in
the treatment of OA pain of the hip and/or knee. 

CR tramadol reduces OA pain
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TABLE 5
Incidence of most common adverse events (open label
phase)*

Mean Mean
Double- maximum Open label, maximum

blind, n (%) severity n (%) severity

Constipation 17 (32.1) 1.3 19 (35.9) 1.4

Nausea 23 (43.4) 1.7 8 (15.1) 1.5

Dyspepsia 1 (1.9) 2.0 5 (9.4) 2.0

Somnolence 22 (41.5) 1.5 5 (9.4) 1.4

Anorexia 5 (9.4) 1.0 4 (7.5) 1.5

Dizziness 4 (7.5) 1.5 4 (7.5) 1.0

Pain 4 (7.5) 1.5 4 (7.5) 1.8

Vasodilatation 4 (7.5) 1.8 4 (7.5) 2.0

Urinary tract 0 (0) 0 4 (7.5) 1.5

infection

Vomiting 3 (5.7) 2.0 3 (5.7) 1.7

Dry mouth 9 (17.0) 1.0 3 (5.7) 1.0

Insomnia 0 (0) 0 3 (5.7) 1.7

Hypertension 1 (1.9) 1.0 3 (5.7) 1.3

Accidental injury 1 (1.9) 2.0 3 (5.7) 1.7

*Based on 53 patients exposed to open label controlled-release tramadol
treatment.

TABLE 3
Incidence of most common adverse events (double-blind
phase)*

Controlled- Mean Mean
release maximum Placebo, maximum

tramadol, n (%) severity n (%) severity P*

Nausea 40 (42.6) 1.8 22 (25.0) 1.5 0.0326

Somnolence 35 (37.2) 1.6 19 (21.6) 1.5 0.0833

Constipation 22 (23.4) 1.3 5 (5.7) 1.6 0.0011

Anorexia 6 (6.4) 1.0 1 (1.1) 1.0 0.1025

Vomiting 6 (6.4) 1.8 2 (2.3) 2.0 0.3173

Dizziness 5 (5.3) 1.4 3 (3.4) 1.0 0.4142

Sweating 5 (5.3) 1.6 0 (0.0) 0 0.0253

Asthenia 3 (3.2) 1.7 3 (3.4) 1.3 0.6547

Pruritus 3 (3.2) 1.0 0 (0.0) 0 0.0833

Headache 2 (2.1) 1.5 6 (6.8) 1.3 0.1573

Nervousness 2 (2.1) 1.5 0 (0.0) 0 0.1573

Insomnia 0 (0.0) 0 4 (4.5) 1.8 0.0455

Overall 75 (79.8) 1.7 58 (65.9) 1.5 0.0833

*Based on 94 patients who received controlled-release tramadol and
88 patients who received placebo

TABLE 4
Clinical benefit of controlled-release tramadol throughout
long-term open label treatment

End of Open label
Assessment double-blind average P*

VAS pain intensity 35.4±22.7 26.3±17.9 0.7809

Ordinal pain intensity 1.6±0.9 1.8±0.7 0.1376

WOMAC pain 185.6±101.8 177.2±81.6 0.5735

WOMAC physical 609.1±364.3 582.7±287.5 0.5664

function

Overall pain 21.5±13.4 21.6±10.1 0.9660

and disability

Overall pain 96.7±85.1 89.2±78.8 0.4555

and sleep

SF-36 standard 41.1±8.4 32.4±9.8 0.0001

physical component

SF-36 standard 46.9±11.3 51.1±10.2 0.0011

mental component

SF-36 Short-form 36 Health Survey; VAS Visual analogue scale; WOMAC
Western Ontario and McMaster Universities osteoarthritis index
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CR tramadol produced significantly lower scores than
placebo in primary and secondary assessments of pain intensity
(VAS and ordinal scales, pain intensity questionnaire,
WOMAC pain subscale). Both treatment groups had access to
acetaminophen as a rescue analgesic, which would be expected
to reduce the magnitude of the difference in pain intensity
between treatment phases, particularly because significantly
more rescue analgesic was used in the placebo treatment phase.
However, as also demonstrated in a number of previous studies,
the use of an active rescue analgesic does not preclude con-
vincing statistical separation of active and placebo treatments
(12,55,56,59,62). Both patients and investigators rated CR
tramadol in a blinded manner as being significantly more effec-
tive than placebo. As well, significantly more patients and
investigators preferred CR tramadol treatment (blinded) for
the management of pain, indicating that the reductions in
pain intensity produced by CR tramadol were clinically signif-
icant. 

Significant improvements in physical functioning were evi-
dent from the WOMAC and the PDI. Pain is the most impor-
tant determinant of disability in OA patients (63), and so the
greater level of pain control provided by CR tramadol may also
have allowed improved functionality and reduced disability.
Patients reported significantly better sleep with CR tramadol.
Sleep disturbance is a prevalent complaint among patients
with chronic pain, and thus the improvement of sleep quality
is an important goal in pain management (64). Finally, overall
quality of life was significantly better with CR tramadol than
with placebo treatment, as reflected in the SF-36. The efficacy
observed in all of the secondary outcome measures was also
reflected in both the patient and investigator preference for
CR tramadol.

A recent meta-analysis based on a Cochrane Review of tra-
madol in OA found gold standard evidence that tramadol is
more effective than placebo at reducing pain intensity, produc-
ing relief of symptoms and improving function (65). The
review noted that the expected decrease in pain intensity
would be no more than 12.5 on a scale of 1 to 100. The pres-
ent study reported a decrease from baseline of 13.4 mm, sug-
gesting a strong response to this CR formulation. Similarly, the
functional improvements observed in the present study were
more robust (WOMAC pain 34.5%, physical function 29.4%)
than the 8.5% cited in the meta-analysis. Our results therefore
provide supportive evidence for the benefit of tramadol in OA
pain, and demonstrate the efficacy of this CR formulation in
particular.

The results of the present study also demonstrate the appro-
priateness of the titration-to-effect approach for CR tramadol
in minimizing discontinuation of treatment due to AEs. The
availability of a wide range of doses of this preparation facili-
tates appropriate titration to an optimal dose that balances
analgesia and side effects. Other once-per-day formulations of
tramadol are off-label at doses above 300 mg/day, whereas this
CR tramadol can be dosed to a maximum of 400 mg/day. The
overall rate of withdrawal in the double-blind phase was 25%,
but the withdrawal rate due to adverse events in the CR tra-
madol treatment group was only 12%. Two previously pub-
lished studies on IR tramadol, using doses up to 200 mg/day
titrated over one to 10 days, indicated rates of discontinuation
due to intolerable side effects as high as 31% to 54%, which
was attributed to the rapid titration of the product (66,67).
Slower titration rates of IR tramadol over 10 to 16 days

resulted in significantly lower incidence (15% to 30%) of
withdrawals due to adverse events (66,67). In a previous
crossover study, comparing this CR formulation with IR tra-
madol in doses up to 400 mg/day using titration every two
weeks, the withdrawal rate due to adverse events was similarly
low at 19.7% (50). Another study with the same titration
(every two weeks) and dosing up to 400 mg/day, comparing CR
tramadol and sustained-release diclofenac, resulted in with-
drawal rates due to adverse events of only 16% (68). The pres-
ent study, as well as the two previous studies using CR
tramadol titrated every one to two weeks, indicated that toler-
ability of CR tramadol was as good as, if not better than, that
of IR tramadol titrated every 10 to 16 days. In the open label
phase, the withdrawal rate due to adverse events was 17%.
Both double-blind and open label withdrawal rates were in
concordance with previous studies (50,66-68), and confirmed
that this formulation is well-tolerated for long-term therapy at
doses up to 400 mg/day.

In the present study, there was no significant difference in
the overall incidence of AEs between the treatment groups.
The most common AEs were typical opioid-related side effects.
Consistent with CR tramadol’s pharmacological profile, there
was significantly more nausea, constipation and sweating in
patients taking CR tramadol. However, most events were not
classified as severe, and there were no serious AEs in patients
receiving CR tramadol. Furthermore, there was no indication
of an increase in AEs at higher doses. In the open label phase,
constipation and nausea were again the most common adverse
events. However, the percentage of patients reporting nausea
during the open label phase (15.1%) was approximately one-
third of the percentage that reported it during the double-blind
phase (43.4%). Similarly, while 41.5% of patients reported
somnolence during the double-blind phase, only 9.4% of
patients reported it during the open label phase. It has been
previously demonstrated that some AEs that occur at the onset
of therapy diminish with continued treatment (69). There
were no serious AEs during long-term treatment that were
considered related to CR tramadol. 

The results of the long-term open label extension of the
present study demonstrated that CR tramadol is effective for
the long-term management of OA pain. Reductions in pain
intensity, improvements in sleep and functionality, and the
majority of quality of life measures reported during the ran-
domized phase of the study were sustained throughout the
open label phase. The mean final dose of CR tramadol during
the open label phase was comparable with the mean dose in
the double-blind phase, suggesting that pain control was main-
tained without the development of analgesic tolerance. There
was some decline in certain quality of life measures over the
course of the open label phase (physical function and physical
component summary scale of the SF-36). OA is a progressive
degenerative disease, and it is not unexpected that patients
may deteriorate over a six-month period. Further, since CR
tramadol is indicated to treat the secondary symptom of pain
and not the disease process, a decline in physical function
could be anticipated. Despite these changes, the maintenance
of pain control, coupled with the patient perception of clinical
benefit from CR tramadol (86.5% of patients reported at least
moderate benefit) confirmed the efficacy and tolerability of
treatment over the long term.

The present study demonstrated significant differences
between CR tramadol and placebo at the end of the treatment
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period, not only with respect to pain intensity, but also for
functional improvement and quality of life. In addition, these
improvements were sustained over the course of a six-month
open label extension. While there were more opioid-related
side effects with CR tramadol in the double-blind phase, they
were of mild to moderate severity. There was no difference in
the overall incidence of AEs between the groups, and reports
of AEs tended to decrease with increasing duration of treat-
ment. Furthermore, the rate of withdrawal from the study due
to AEs was low, despite a maximum dose of 400 mg/day, a dose
that is off-label with other once-daily tramadol preparations in
North America. CR tramadol is therefore an efficacious and
well-tolerated medication for the treatment of OA pain.
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