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Summary. Acute and chronic pain have an important socio-economical impact. In order to help physicians to 
choose the appropriate drug, especially for cancer pain, in 1986 WHO has developed a three-step analgesic 
“ladder” for cancer pain relief in adults. Later it has also been used for acute pain and chronic non-cancer 
pain. In step I nonsteroidal anti-inflammatory drugs (NSAIDs) are considered with or without adjuvants, 
in step II the use of weak opioids for mild-moderate pain, with or without NSAIDs and adjuvant, is sug-
gested, while the step III is reserved to strong opioids for moderate-severe pain with or without non-opioids 
or adjuvants. In the last two decades, a better pathophysiology knowledge has improved pain management 
shifting our view from the pain ladder to a modern pain pyramid, in which drugs are selected not only on 
the basis of pain intensity, but mainly according to mechanisms underlying pain, including peripheral and 
spinal sensitization which is the main trigger of chronic pain. The best pharmacological approach has become 
multimodal, in which drugs belonging to different steps should be combined, matching the mechanisms of 
action with the type of pain. An important corollary of combining analgesic drugs with different mechanism 
of action is that proper matching achieves the same effect with lower doses, better outcome and fewer adverse 
effects. In this new perspective, fixed-dose pharmaceutical combinations of different drugs are very useful to 
fulfil pharmacodynamics, pharmacokinetics and adherence criteria, enriching the pain pyramid of half-steps 
between the first and second step and between the second and third step. Hence, a new fixed combination of 
a NSAID with peripheral and central anti-infilammatory activities, such as dexketoprofen, and a weak opioid, 
such as tramadol, with double analgesic activity in the spinal cord as an opioid and, at the same time, on the 
descending modulatory pathways, is expected to cover a wide range of acute and recurrent painful conditions, 
ranging from nociceptive inflammatory pain to neuropathic pain of moderate/severe intensity. In this review 
we evaluate the rationale that justifies its use as new class of pharmacological modality to treat pain accord-
ingly also to a more update view of WHO pain ladder. (www.actabiomedica.it)
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F o c u s  o n

Background

Acute and chronic pain are continuing to being 
an issue since several years with a even higher socio-
economical impact both in Europe (1) and in USA (2).

Since 1986 the WHO analgesic ladder has been 
developed (3) as an educational and clinical tool to 
treat chronic pain, at the beginning for cancer pain and 
subsequently used also for acute pain and chronic non 
cancer pain. 
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It is structured with the “famous” three steps of 
pharmacological therapy: 

-  step I: nonsteroidal anti-inflammatory drugs 
(NSAIDs) or acetaminophen are involved with 
or without adjuvants, 

-  step II: weak opioids mild-moderate pain +/- 
non opioids +/- adjuvants, 

-  step III: strong opioids for moderate-severe pain 
+/- non opioids +/-adjuvants. 

The purpose of the WHO ladder has been to in-
crease awareness of the importance of treating pain 
using a relative limited number of inexpensive drugs 
in a stepwise approach. Furthermore it was designed 
in order to suggest the medication accordingly to the 
pain intensity independently of its pathophysiology. 
Finally, it also helped to legitimize the use of opioids 
and be familiar with the use, benefits, and side effect 
of these drugs. 

In the last two decades pain management has 
improved a lot for a better knowledge of pain patho-
physiology and for the use of new drugs more potent 
and effective; hence, WHO ladder has been revised 
and criticized in his old form (4-6) and new ways to 
adopt it is strongly suggested (6).

In 2010 Schaffer (7) proposed an adaptation of 
WHO ladder for acute pain and non-cancer pain in-
troducing a IV step with invasive techniques such as 
nerve block, neurolytic and neurosurgical procedures 
such as brain stimuli. This adapted model also has been 

proposed for paediatric pain and acute postoperative 
pain. In her editorial in 2016, Jane Ballantyne (5) un-
derlined all the nowadays problems related to the use 
of WHO ladder underlining and how it is important 
to look for and treat underlining pain pathophysiology 
and not only the pain intensity (6,8) (Figure 1). 

The limitations of WHO ladder are even more 
evident when pain is beginning, during reacutization 
and after a trauma: in this case the best mechanism 
based approach has to address to three pathophysi-
ological events: inflammatory response, pain control 
and prevention of central sensitization. 

The WHO ladder would suggest to start with 
a drug and then change to opioids that could be in-
creased if pain has not solved. In the “real” clinical 
practice, the best approach is to use a multimodal anal-
gesia that could reduce peripheral inflammation and at 
the same time guarantee pain relief acting also on the 
spinal cord to reduce central sensitization (alsomain-
tained by central productionof prostaglandins (9,10) 
and counteracted by the release of serotonin and no-
radrenalin from descendent inhibitory pathways (11)). 
Finally, it is important that also in neuropathic pain, 
after an acute nervous lesion the blockade of prosta-
glandins peripheral hyperexpression can help to reduce 
pain and allodynia (12). 

Hence, WHO three steps ladder is not adequate 
to suggest how to treat pain, especially when it begins. 
A “modern pain pyramid” (13) could be used to treat 
pain in its first phases considering to start soon with 
a mixed of first and second step in order to obtain all 
clinical effects useful not only to reduce pain, but also 
to better treat pain pathophysiology. It means that 
there are not only the three steps but also an “half-step” 
between first and second and between second and third 
one. The idea of half step (a mixed therapy with weak 
opioids and NSAID) could help physician to better 
treat a pain referred by patient as soon as it begins. 

With this approach our goal is also to have a faster 
recovery reducing the risk of activation and maintain-
ing of pain processes implied in chronic pain. In fact, 
it is well demonstrated (14,15) not only that chronic 
postoperative pain after acute lesion is more frequent 
in patients with a pro-inflammatory state, but also that 
in these patients tramadol and NSAIDs are better than 
tramadol and paracetamol to prevent chronic pain. 

Figure 1. Different trajectories of patients reflecting different 
pathophysiological pain mechanisms (8)
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These clinical results are confirmed also by animal 
data. In mice it was demonstrated that the combination 
of NSAIDs and a weak opioid, such as tramadol, could 
decrease the postoperative hyperalgesia and prevent 
the pain sensitization for its anti-inflammatory activity, 
thanks to NSAIDs, and the inibitory activity of the de-
scending noradrenergic pathways and the modulation 
of activity of microglia made by tramadol (16).

In this paper we would like to present the patho-
physiological and pharmacological reasons to consider 
the association of dexketoprofen/tramadol as the first 
association for a “new” class of pharmacological treat-
ment.

Tramadol/dexketoprofen a new combination to treat
accurately pain pathophysiology. A pharmacological and 
clinical perspective

Tramadol/dexketoprofen is a new pharmacologi-
cal association with analgesic activity. It is a combina-
tion of dexketoprofen, a NSAID with both peripheral 
and central antinflammatory activity, and tramadol, a 
weak opioid with double mechanism of action, partial 
agonism on the µ-opioid receptor and inhibition of 
monoamines (serotonine and noradrenaline) reuptake. 

As the pharmacological associations currently 
available consist of the combination of opioids as 
codeine, tramadol, oxycodone with paracetamol, a 
molecule with minimal or clinically irrelevant periph-
eric antinflammatory activity, tramadol/dexketoprofen 
represents the first one of a new pharmacological class, 
in which the opioid activity has been combined with 
a drug with peripheral and central anti-inflammatory 
activity. 

To understand the pharmacological profile of 
tramadol/dexketoprofen , it is necessary to recall the 
mechanism of action of the two single drugs. 

Tramadol

Tramadol has a double mechanism of action: ac-
tivation of the µ-opioids receptors and inhibition of 
the reuptake of serotonine and noradrenaline (17,18). 
The effect on the µ-receptors is related to the main me-
tabolite of tramadol, called O-desmetyl-tramadol, also 

known as M1, formed by citocrome P450 CYP2D6 
(19). The affinity of M1 with receptor is lower com-
pared to morphine, and it acts as a partial agonist, less 
effective than morphine, but safer in terms of adverse 
effects, such as respiratory depression and constipation. 
M1 acts on the µ-receptors localized in the posterior 
horns of spinal cord, where there is the synapsis be-
tween the nociceptive neuron, coming from the pe-
riphery, and the spino-thalamic neurons. The periph-

Figure 2. Mechanism of action of M1 on the spinal synapse. 
Through the activation of pre- and post-synaptic µ-receptors, 
M1 inhibits the transmission of nociceptive impulses coming 
from the periphery
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eral activation of peripheral nociceptive neurons leads 
to release of glutamate in the synapse, activating glu-
tamate receptors on the spino-thalamic neuron, with 
consequent transmission of the nociceptive impulses 
towards the thalamus. The stimulation of µ-opioids re-
ceptors causes the inhibition of this synapsis, through 
both a pre-synaptic inhibition of the release of the 
neuro-transmettiters and an hyperpolarization of the 
spino-thalamic neuron, causing a stabilization and a 
partial refractoriness to peripheral stimuli (Figure 2).

The second mechanism of action, mainly support-
ed by the parental molecule of tramadol, is related to 
the inhibition of reuptake of the monoamines released 
by the descending tracts. Serotonine and noradrenaline 
act directly on their receptors located on the pre- and 

post-synaptic neurons or throught the activation of in-
terneurons that release GABA or entogenous opioids 
inhibit synaptic transmission at the spinal level. Mono-
amines activity is stopped by their reuptake from the 
transporters, localised on the neurons AND on the glial 
cells. Hence, the inhibition of their reuptake causes a 
persistency of the monoamines in the synapse and of 
their analgesic effect (Figure 3).

The double mechanism of action of tramadol is 
probably the key of its good analgesic activity not only 
in nociceptive pain, but also in neuropathic pain, where 
the involvement of the descending pathway in the at-
tempt of counteracting ascending nociceptive impulses 
is relevant. In a recent metanalysis of the treatment 
of the neuropathic pain in adults, tramadol results as 

FOREBRAIN

Somatosensory and
association cortices

Limbic system

Thalamic nuclei

Periaqueductal gray

Spinothalamic tract
(ascending)

Nucleus raphe magnus

Pain-inhibitory tract in 
dorsolateral funiculus 
(descending) 

Nociceptor

Pain stimull entering
dorsal horn via C and Aδ
primary afferent neurons

MIDBRAIN

MEDULLA

SPINAL CORD

Descending
pain-inhibitory tracts

Serotonin      Enkephalin

C or Aδ Primary afferent

Spinothalamic tract projection neuron

Glutamate 
Substance P 
Other

Serotonin 
Norepinephrine

Figure 3. Descending pathway releasing serotonine and noradrenaline



A “Novel” association to treat pain: Tramadol/Dexketoprofen. The first drug of a “new pharmacological class” 21

one of the most effective drug, immediately following 
tricyclic antidepressants and strong opioids, even if 
they were suggested only as third line, because of their 
higher adverse effects (20). 

Dexketoprofen

Dexketoprofen, a non-selective NSAID, is the 
S(+)-enantiomer of ketoprofen. Compared to racemic 
ketoprofen, dexketoprofen has a greater antiflamma-
tory activity and its ED50 dose is half of that needed 
with the racemic mixture (21). As ketoprofen, the 
pharmacological properties of dexketoprofen are of a 
moderate inhibition of COX-2 and an strong inhibi-
tion of COX-1 that allows the drug to have antinflam-
matory effects in the peripheral tissue and in spinal 
cord (22) (Table 1). 

Post-operative pain sperimental models dem-
onstrated the inhibitory effect on the COX-1 in the 
spinal cord glial cells (23). As spinal cord glial cells ac-
tivation contributes to the spinal sensitisation that can 
bring to the development of pain chronification, the 
central effect of dexketoprofen can be used not only 

in post-operative pain, but also whenever pain begins 
(i.e. acute and recurrent pain) and there is an high risk 
of chronicity.

Hence, dexketoprofen is a complete antinflam-
matory with peripheral action mainly through COX2 
inhibition (22) (as it is well known that COX-2, over-
expressed during peripheral inflammatory state, are 
the therapeutic target to modulate inflammation), and 
central action at spinal cord and glial cells through 
COX-1 inhibition (23).

Clinical synergistic effect of the association: 1+1=3

The obvious question arising from a pharmaco-
logical combination is whether the analgesic effect is 
the result of the sum of the effects of the single active 
principles or if it’s more: 1+1=3

In the experimental setting, the demonstration 
of an additive/synergic effect of a combination passes 
through the construction of an isobologram, as shown 
in figure 4. 

An isobologram is built as it follows: In the ex-
perimental setting we need to verify the necessary dose 
to obtain, for every single drug, a 50% reduction of 
pain (intercepta on the X axis for TRM and intercepta 
on the Y axis for DEX). We need to calculate which 
should be the theorical dosage (T) of the active drugs 

Table 1. Anti-inflammatory activity of different NSAIDs 
through the evaluation of affinity with COX-1 and COX-2

Drugs IC80-COX-1 IC80-COX-2
 (µM) (µM)

Aspirin 8.0 >100

Celecoxib 28 6.0

Diclofenac 1.0 0.27

Ibuprofen 58 67

Indomethacin 0.46 5.0

Ketoprofen 1.0 22

Ketorolac 0.0034 0.4

Naproxen 110 260

Nimesulide 41 7.0

Rofecoxib >100 6.0

IC80- drug concentration required to inhibit 80% of COX-1 and 
COX-2 activity

Figure 4. Evaluation of sinergistic effect of the association be-
tween dexketoprofen and tramadol (taken from Isiorda-Espi-
noza et al. 2014). Legend: T = theorical; E= Experimental
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when combined in order to have a synargistic effect 
that is not only additive but rather multiplicative. 
Then, we need to evaluate which is the dosage of the 
two drugs in the experimental setting. If the interac-
tion is synergistic, the dosage of individual drugs will 
correspond to a lower value than that shown in pic-
ture. So, to obtain the same analgesic effect we can use 
lower dosage of the single active ingredients, reducing 
the risk of adverse reactions.

In 2012, Miranda et al (25) demonstrated the 
synergy of tramadol and dexketoprofen on different 
parameters of nociceptive inflammatory pain in pre-
clinical experimental models.

Clinical evidence of sinergistic effect of dexketoprofen/
tramadol

Association of dexketoprofen/tramadol 25/75mg 
has shown clinically its synergistic effect in three clini-
cal trials of acute postoperative pain (26-28) with also 
large sample size (more than 600 patients) (27). 

Considering the type of surgery (hip arthroplasty, 
third molar extraction and hysterectomy) in which it 
was used, we can argue that its synergistic effect has 
been proven in all situation in which pain is related to 
a lesion and consequent mild inflammatory response. 

These randomized double blind trials found a 
strong evidence of efficacy of the association of oral 
dexketoprefen/tramadol in fixed dose to treat moder-
ate-to-severe acute pain. At the same time the safety 
profile of the association was in line with what previ-
ously known for the single drugs in monotherapy.

Another important aspect underlined by these 
trials is the rapid onset of this oral drug with a long 
lasting analgesic activity. It can be argued that the 
blockade of peripheral and central inflammation to-
gether with an opioid drug (furthermore with central 
activity on descending pathway) demonstrates its syn-
ergistic effect not only in reducing pain but also in pro-
longing the analgesia as it is also treating the causes of 
pain by itself. 

The evidence of the synergistic effect of this as-
sociation in acute pain has been also confirmed in the 
last months also by a meta-analysis (29). 

These data underline how could be important to 
start with a fixed therapy that can act on all three as-

pects of pain whenever it begins, overcoming the WHO 
3 steps ladder and adopting the “half step” ladder.

Conclusion

In this article we have reviewd the reasons why 
the fixed combination dexketoprofen/tramadol has a 
triple mechanism of action fighting against the pe-
ripheral inflammation, reducing the central sensitiza-
tion and enhancing the activities of the antinociceptive 
descending paths. 

Hence, the analgesic activity is the result of a syn-
ergic interaction between the two drugs, that can lead 
to spare few dose dependent adverse effects because of 
the lower doses needed of the single molecules 

The peripheral antinflammatory effects of dexke-
torpofen and the good central activity of tramadol in 
neuropathic pain, make tramadol/dexketoprofen com-
bination a very flexible tool for the treatment of dif-
ferent painful conditions with particular emphasis to 
the mixed forms of pain that are a relavant part of the 
clinical cases.

Furthermore, the central antinflammatory activ-
ity of dexketorpofen, associated with the inhibition of 
the activity of the spinal synapse by tramadol, make 
tramadol/dexketoprofen combination an ideal drug to 
be used to promptly treat whenever form of acute and 
recurrent pain of moderate/severe intensity, in order to 
counteract the establishment of processes that lead to 
chronic pain.

Finally, the use of a drug with 3 mechanisms of 
action could justify a new approach in treating pain as 
soon as it begins, adopting a new class of therapeuthi-
cal management overcoming the “classical” approach 
of WHO pain ladder. Traditionally WHO pain lad-
der suggests to start with a NSAIDs passing to opioids 
only after having demonstrated that it is not clinical ef-
fective. It implies that if patient continues to referring 
pain firstly we should increase the dosages of NSAID 
increasing the risks of side effects. With this fixed ac-
tivity, we suggest, following Raffa et al suggestions 
(13), to adopt an “half ladder” between first and second 
step of WHO ladder, adopting a therapeuthical strat-
egy that would like not only to reduce pain but also to 
move to a mechanism based approach to pain (8) as 
soon as pain begins through “half step ladder WHO”.
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