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patial  summation  of  pain  and  its  meaning  to  patients
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niversity of Washington – Department of Anesthesiology & Pain Medicine, Seattle, WA,  USA
Neuro-physiologically, spatial summation occurs when sublim-
nal inputs arising from multiple afferents induce action potentials
n neurons. When applied to human pain physiology, this notion
upports the observation that non-painful stimuli can induce pain
hen applied to larger body areas. Accordingly, painful stimuli

hat are applied to small areas become more painful when the
timulation area is enlarged. The likely pathophysiologic mecha-
ism underlying spatial summation of pain is the convergence of

ow-intensity input from multiple afferents to common nocicep-
ive pathways, ultimately eliciting a pain sensation after innocuous
timulation or amplifying pain after painful stimulation.

Spatial summation of pain has been extensively studied in
uman research using different experimental models. Most inves-
igations have confirmed the aforementioned phenomenon of
ncreasing pain sensation with increasing stimulation area [1–3].
nterestingly, while spatial summation is particularly strong with
timuli applied within the same dermatome [4], it occurs also when
timuli are applied to different and even contralateral dermatomes
5]. This suggests that spatial integration of nociceptive stimuli
ccurs not only at spinal cord level, but also at supraspinal centres.

The clinical significance of spatial summation is obvious. Noci-
eptive input from wide areas or multiple sources are more likely to
ead to uncontrolled pain with all related consequences, including
isability, mental health co-morbidities and more need for treat-
ent, among others.
The notion of spatial summation is useful for both the health care

rovider and the patient. Both of them are interested in explana-
ions on the nature of the symptoms. However, knowing this hardly
atisfies the need to improve pain management. The next ques-
ion is therefore: how to make use of this knowledge to improve
atient-related outcomes?

The paper by Holbert et al., published in this issue of the Scan-
inavian Journal of Pain, is an attempt to better understand the role

f spatial summation in the pathophysiology of specific pain syn-
romes [6]. The hypothesis was that spatial summation is more
ronounced at the back, compared with other body regions, which
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would contribute to the higher prevalence of back pain. The hypoth-
esis was  not confirmed by the results, indicating that the back
is not a particularly vulnerable region in terms of facilitation of
spatial summation. Therefore, facilitated spatial summation is an
improbable explanation for the high prevalence of back pain.

Translational studies on spatial summation are sparse. One open
question is whether high degrees of spatial summation are asso-
ciated with poor outcomes. Better prediction of outcomes may
support clinical decision-making. For instance, one could hypoth-
esize that the higher the spatial summation, the more likely the
occurrence of persistent post-surgical pain. The literature on other
biomarkers of nociceptive processes is equivocal [7], but studies
have shown that facilitated temporal summation is a risk factor of
persistent pain after knee surgery [8,9].

Spatial summation reflects central integration of nociceptive
stimuli and is attenuated by ketamine [10]. Other centrally-active
medications, such as antidepressants and anticonvulsants, have
the potential to modulate spatial summation. Therefore, another
area of potential research is whether the efficacy of these medi-
cations is correlated with the degree of spatial summation. This
may  allow more targeted treatments. In this regard, the concept
of mechanism-based pain treatment has recently received much
attention [11]. Unfortunately, also this research has not produced
convincing results. Studies on the prediction of drug effects based
on sensory phenotypes have not been consistent [12–15]. Whether
spatial summation can contribute to better patient phenotyping for
a more individualized pain treatment remains to be determined.

In conclusion, spatial summation of pain likely contributes to the
magnitude of pain. Therefore, it has probable clinical relevance. So
far, this remains “good to know”. The challenge of future research is
to determine whether this knowledge can be used to improve the
life of patients with chronic pain.

Conflict of interest

None declared.

References
[1] Graven-Nielsen T, Arendt-Nielsen L, Svensson P, Jensen TS. Quantification of
local and referred muscle pain in humans after sequential i.M. Injections of
hypertonic saline. Pain 1997;69:111–7.

[2] Marchand S, Arsenault P. Spatial summation for pain perception: interaction
of  inhibitory and excitatory mechanisms. Pain 2002;95:201–6.

B.V. All rights reserved.

dx.doi.org/10.1016/j.sjpain.2017.07.018
http://www.sciencedirect.com/science/journal/18778860
www.ScandinavianJournalPain.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sjpain.2017.07.018&domain=pdf
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
http://dx.doi.org/10.1016/j.sjpain.2017.07.017
mailto:curatolo@uw.edu
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0080
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0085
dx.doi.org/10.1016/j.sjpain.2017.07.018


ourna

[

[

[

[

[

M. Curatolo / Scandinavian J

[3] Polianskis R, Graven-Nielsen T, Arendt-Nielsen L. Spatial and temporal
aspects of deep tissue pain assessed by cuff algometry. Pain 2002;100:
19–26.

[4] Staud R, Vierck CJ, Robinson ME,  Price DD. Spatial summation of heat pain
within and across dermatomes in fibromyalgia patients and pain-free subjects.
Pain 2004;111:342–50.

[5] Nielsen J, Arendt-Nielsen L. Spatial summation of heat induced pain within and
between dermatomes. Somatosens Mot  Res 1997;14:119–25.

[6] Holbert MD,  Pedler A, Camfermann D, Harvie DS. Comparison of spatial sum-
mation properties at different body sites. Scand J Pain 2017;17:126–31.

[7] Sangesland A, Støren C, Vaegter HB. Are preoperative experimental pain assess-
ments correlated with clinical pain outcomes after surgery? A systematic
review. Scand J Pain 2017;15:44–52.

[8] Petersen KK, Arendt-Nielsen L, Simonsen O, Wilder-Smith O, Laursen MB.
Presurgical assessment of temporal summation of pain predicts the develop-
ment of chronic postoperative pain 12 months after total knee replacement.

Pain 2015;156:55–61.

[9] Petersen KK, Graven-Nielsen T, Simonsen O, Laursen MB,  Arendt-Nielsen L.
Preoperative pain mechanisms assessed by cuff algometry are associated
with chronic postoperative pain relief after total knee replacement. Pain
2016;157:1400–6.

[

l of Pain 17 (2017) 116–117 117

10] Warncke T, Stubhaug A, Jorum E. Ketamine, an NMDA receptor antagonist,
suppresses spatial and temporal properties of burn-induced secondary hyper-
algesia in man: a double-blind, cross-over comparison with morphine and
placebo. Pain 1997;72:99–106.

11] Baron R, Maier C, Attal N, Binder A, Bouhassira D, Cruccu G, Finnerup NB, Haan-
pää M,  Hansson P, Hüllemann P, Jensen TS, Freynhagen R, Kennedy JD, Magerl
W,  Mainka T, Reimer M,  Rice ASC, Segerdahl M, Serra J, Sindrup S, Sommer C,
Tölle T, Vollert J, Treede R-D. Peripheral neuropathic pain: a mechanism-related
organizing principle based on sensory profiles. Pain 2017;158:261–72.

12] Demant DT, Lund K, Vollert J, Maier C, Segerdahl M,  Finnerup NB, Jensen TS, Sin-
drup SH. The effect of oxcarbazepine in peripheral neuropathic pain depends on
pain phenotype: a randomised, double-blind, placebo-controlled phenotype-
stratified study. Pain 2014;155:2263–73.

13] Dworkin RH, Edwards RR. Phenotypes and treatment response: it’s difficult to
make predictions, especially about the future. Pain 2017;158:187–9.

14] Holbech JV, Bach FW,  Finnerup NB, Jensen TS, Sindrup SH. Pain phenotype

as  a predictor for drug response in painful polyneuropathy – a retrospective
analysis of data from controlled clinical trials. Pain 2016;157:1305–13.

15] Mainka T, Malewicz NM,  Baron R, Enax-Krumova EK, Treede RD, Maier C. Pres-
ence of hyperalgesia predicts analgesic efficacy of topically applied capsaicin
8%  in patients with peripheral neuropathic pain. Eur J Pain 2016;20:116–29.

http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0090
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0095
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0100
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0105
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0110
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0115
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0120
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0125
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0130
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0135
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0140
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0145
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150
http://refhub.elsevier.com/S1877-8860(17)30169-6/sbref0150

	Spatial summation of pain and its meaning to patients
	Conflict of interest

	References

