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Pain threshold is reduced in depression
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Abstract

Pain and depression may share common neurochemical substrates, therefore the study of pain sensation in

depression might be valuable in the investigation of the pathophysiology of depression itself. In order to

investigate the sensation of pain in depression, we measured pain threshold and sensory threshold by means

of a dental tester, comparing a group of depressed patients with healthy volunteers. The results showed the

presence of a higher sensory threshold and pain threshold in patients than in controls. This may be related to

a hyperfunction of the opiate system, which in turn might be primary or secondary to a decreased modulatory

function of other neurotransmitters, in particular of serotonin, whose abnormalities in depressive states are

well-documented.
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Introduction

Some data have shown an association between depression

and idiopathic chronic pain which has been considered a

sort of ‘masked depression ’ (Magni and De Bertolini,

1983 ; Von Knorring et al., 1983) or, according to DSM-

IV (1994), somatoform pain disorder. In particular,

depressive symptoms seem to be quite common in

idiopathic pain syndrome, although only 25% of the

patients fulfil the criteria for major depressive disorder

(Eberhard et al., 1989 ; Magni and De Bertolini, 1983). The

clinical data are supported by a few reports on the

presence of common biochemical alterations in depressed

and chronic pain patients, such a shortened Rem latency

(Blumer et al., 1982), a low cerebral spinal fluid con-

centration of 5 hydroxindoleacetic acid, the major sero-

tonin (5-HT) metabolite (Almay et al., 1987), a low

platelet monoamine- oxidase activity (Almay et al., 1987 ;

Von Knorring, 1982, 1983), and a reduction of platelet

[$H]imipramine binding sites, which are associated

with the 5-HT transporter (Eberhard et al., 1989 ; Magni et

al., 1987 ; Mellerup et al., 1988). The last authors speculate

that a low brain 5-HT turnover may underline and may

lead to the development of both depression and pain.
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Furthermore, the analgesic properties of anti-

depressants, in particular of tricyclic antidepressants such

as amitriptyline and imipramine (Eschalier et al., 1992,

1994 ;Max et al., 1987) and of selective serotonin reuptake

inhibitors (SSRIs) (Eberhard et al., 1988) have been clearly

demonstrated, especially in chronic pain, and they ap-

peared not to be dependent upon their effect on mood

(France et al., 1984).

Since both pain and depression may share common

biological bases (Von Knorring et al., 1987, 1991), the

study of pain sensation in depression might be valuable in

the investigation of the pathophysiology of depression

itself.

Because of its simplicity, noninvasiveness and ac-

ceptability, tooth pulp stimulation (a technique used in

clinical dentistry for assessing pulp vitality) is a convenient

test in experiments designed to investigate pain

mechanisms (Ahlqvist et al., 1984, Chapman et al., 1976,

1977). The dental pulp represents an exclusively sensory

system and a clear correlation between intradental nerve

activity and pain perception, in response to graded

stimulation applied to the teeth, has been reported

(Ahlqvist et al., 1984). The pain threshold determined by

this test is fairly reproducible within the same individual

and can be altered by a variety of manipulations known to

affect pain perception in the experimental animal, such as

L-tryptofan supplementation, acupuncture, and trans-

cutaneous stimulation (Seltzer et al., 1982). We report the

results obtained in this test with a series of 13 depressed

patients compared with healthy controls.
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Subjects and methods

Subjects

Thirteen patients (4 male and 9 female ; aged between 19

and 67 years ; mean age 43±6³15±8) with a clinical

diagnosis of a major depressive episode, according to

DSM-IV criteria (1994), consecutively admitted into the

Day-Hospital of the Psychiatric Institute at Pisa Uni-

versity, were studied. Ten patients had been free of

psychotropic drugs for one month and the remaining 3

were taking benzodiazepines (lorazepam, chlordesemetyl-

diazepam).

The control group consisted of 13 subjects (8 male and

5 female ; aged between 27 and 33 years ; mean age

30±7³1±7) without any history of a major psychiatric

disorder. The severity of depression was evaluated by

means of the Hamilton Rating Scale for Depression

(HRSD, Hamilton, 1960) and by a self-rating scale for

depression (‘Scala di Autovalutazione per la Depressione ’,

SAD) standardized for the Italian population (Cassano and

Castrogiovanni 1982). The total score on the HRSD was

18±3³5±8 in patients and 0±4³0±6 in controls. The total

score on the SAD was 71±2³15±6 in patients and

32±5³4±7 in controls.

Methods

The procedure was described to all subjects as a test to

assess pain sensitivity that could be of further clinical or

scientific usefulness and all gave their informed consent to

the study, which was approved by the Ethics Committee

of Pisa University.

A commercial, noninvasive dental tester (American

Analytic Technology, Missoula, MT, USA) was used.

This instrument gives automatic intermittent bursts of

electrical stimuli of negative polarity at increasing

voltages, with a peak output voltage ranging from 15 to

300 V and a 2 MΩ load impedance. The intensity of

the stimuli, expressed in arbitrary units (AU) on a relative

scale between 0 and 80 was indicated on a digital reader

in the instrument, not visible to the subject under

examination. The performance of the instrument was

checked every 4 months and remained stable throughout

the study. All determinations were carried out in the

morning between 9:00 and 10:00 hours, with the patient

sitting on an odontologic chair and always by the same

dentist (E.P.), who applied a probe to one of the superior

incisive teeth under examination, blind to the clinical

subject’s conditions. The subjects were asked to indicate,

by lifting a hand, when they started to feel pulp

stimulation (as a prickling sensation) and when this

became painful enough to require the interruption of

stimulation ; the corresponding values on display were

taken as the sensory threshold and pain threshold. In

several instances, the subjects did not report notable pain,

even at the highest stimulus intensity of the instrument.

For these subjects, in whom the pain threshold was not

measurable since it was above the upper range of

stimulation, the highest available value (80 AU) was

given arbitrarily.

The difference between patients and controls was

assessed by Student’s t test (two-tailed, unpaired). The

correlation between psychopathological rating scales and

ST and PT was measured according to Pearson’s analysis.

Results

Results are given as mean³.. The sensory threshold

(ST) was 52±3³19±8 in patients and 34±6³15±4 in

controls, significantly higher in the first than in the second

group (t¯ 2±56 ; p¯ 0±02). The pain threshold (PT) was

77±3³6±9 in patients and 52±4³20±1 in controls : also in

this case, there was a statistically significant difference

between the 2 groups, the pain threshold being higher in

depressed patients than in controls (t¯ 2±59, p¯ 0±02).
No correlation between ST and PT and the psycho-

pathological rating scales was observed.

Discussion and conclusions

The results of our research showed that a group of

depressed patients revealed a higher sensory threshold

and pain threshold than a group of healthy controls : these

findings are suggestive of a reduced pain perception, as

assessed by tooth pulp stimulation. Although the small

number of patients did not permit reliable statistical

analyses, no difference between drug-free patients and

patients taking benzodiazepines was observed, as already

reported (Boureau et al., 1991). Similarly, no age-effect on

both sensory and pain threshold was detected in the

patients.

Our findings replicated a previous research of our

group (Marazziti et al., 1991) and a report of Adler and

Gattaz (1993), but are in contrast with the reduction in

pain threshold observed by others (Moroz et al., 1990 ;

Ward et al., 1982).

Although it cannot be ruled out that perception of

other sensations besides pain are reduced in depression,

most evidence shows that, from a sensory point of view,

the human tooth is an exclusively nociceptive system

(Anderson et al., 1984 ; Byers et al., 1982) and that both

pain and the so-called pre-pain elicited by electrical

stimulation are mediated by the same type of afferents.

The finding of a strong correlation between sensory

threshold and pain threshold, observed in the pooled data,

is also in keeping with a close functional relationship

between the two measurements.
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Pain is a function controlled by opiate peptides and

possibly the changes in pain and sensory thresholds,

observed in depressed patients, might be considered an

index of dysfunction of the opiate system. Previously,

increased plasmatic or cerebrospinal fluid levels of these

peptides have been reported in depressed patients (Risch,

1982), however, opposite results have also been observed

(Gerner and Sharp, 1982), so that opiate changes have

been interpreted as a non-specific marker of stress rather

than of depression. Similarly, any attempt to use opiate

analogues or opiate antagonists, such as naloxone in

depression, has been inconclusive (Angst et al., 1979 ;

Gerner et al., 1980 ; Hollister et al., 1981).

Alternatively, a lower pain perception in depression

might be attributable to dysfunctions of other systems, in

particular, of the serotonin system, which plays a role in

modulating pain (Basbaum and Fields, 1978 ; Roberts,

1984) and appears to be involved in the pathophysiology

of depression (Gerner and Sharp, 1982 ; Seltzer et al.,

1982 ; Van Praag, 1978). A decreased function of the

serotonin system might lead to a relative increase in the

function of other systems which are under its control, such

as that of opiates.

Future studies should investigate the possible cor-

relation between serotonergic markers and pain threshold

in depression.

References

Adler G, Gattaz WF (1993). Pain perception threshold in

major depression. Biological Psychiatry 34, 687–689.

Ahlqvist ML, Edwall LGA, Franze! n OG, Haegerstam GAT

(1984). Perception of pulpal pain as a function of

intradental nerve activity. Pain 19, 353–366.

Almay BG, Von Knorring L, Oreland L (1987). Platelet MAO

in patients with idiopathic pain disorders. Journal of Neural

Transmission 69, 243–253.

Almay BG, Haggendal J, Von Knorring L, Oreland L (1987).

5-HIAA and HVA in CSF in patients with idiopathic pain

disorders. Biological Psychiatry 22, 403–412.

Anderson DJ, Hannam AG, Matthews B (1984). Sensory

mechanisms of mammalian teeth and their supporting

structures. Physiological Review 50, 171–195.

Angst J, Autenreith V, Brem F. Koukkou M, Meyer H,

Stessen HH, Storck U (1979). Preliminary results of

treatment with beta-endorphin in depression. In : Usdin E,

Bunney WE, Kline NS (Eds.) Endorphins in Mental Health

Research (pp. 518–528) New York : Oxford University

Press.

Basbaum AI, Fields HL (1978). Endogenous pain control

mechanisms : review and hypothesis. Annals of Neurology 4,

451–462.

Blumer D, Zorick F, Heilbronn M, Roth T (1982). Biological

markers for depression in chronic pain. Journal of Nervous

and Mental Diseases 170, 425–428.

Boureau F, Peze M. Doubrere J, Iselin F (1991). The

chronically painful hand. A consecutive series of 60 cases.

Annales de Chirurgie de Main Membre Superiore 10,

313–318.

Byers MR, Neuhaus SJ, Gehrig JD (1982). Dental sensory

receptor structure in human teeth. Pain 13, 221–235.

Cassano GB, Castrogiovanni P (1982). Scala di

autovalutazione della depressione (SAD) in una

populazione italiana. In : Cassano GB (Ed.) La Condizione

Depressiva (pp. 483–486) Milan : Masson Italia.

Chapman CR, Wilson ME, Gehrig JD (1976). Comparative

effects of acupuncture and transcutaneous stimulation on

the perception of painful dental stimuli. Pain 3, 265–283.

Chapman CR, Chen AC, Bonica JJ (1977). Effects of

intrasegmental electrical acupuncture on dental pain

evaluation by threshold estimation and sensory decision

theory. Pain 3, 213–217.

American Psychiatric Association (1994). Diagnostic and

Statistical Manual of Mental Disorders (4th ed.) Washington :

American Psychiatric Association.

Eberhard G, Von Knorring L, Mellerup ET, Nilsson HL,

Plenge P, Sundequist U (1989). $H-impramine binding in

idiopathic pain syndromes. Basal values and changes after

treatment with antidepressants. Pain 38, 261–267.

Eberhard G, Von Knorring L, Nilsson HL, Sundequist U,

Bjorling G, Linder H, Svard KO, Tysk L (1988). Analgesic

properties of antidepressants. Neuropsychobiology 19, 25–34.

Eschalier A, Ardid D, Coudore F (1992). Pharmacological

studies of the analgesic effect of antidepressants. Clinical

Neuropharmacology. (Supplement) 1 Pt. A, 373A–374A.

Eschalier A, Jourdan D, Courteix C (1994). Drugs for relief of

pain. Revue de Practice 15, 1903–1909.

France RD, Houpt JL, Ellingwood EH (1984). Therapeutic

effects of antidepressants in chronic pain. General Hospital

Psychiatry 6, 55–63.

Gerner RH, Sharp B (1982). CSF beta-endorphin-

immunoreactivity in normal, schizophrenic, depressed,

manic and anorexic subjects. Brain Research 237, 244–247.

Gerner RH, Catlin DH, Gorelick DA, Hui KK, Li CH (1980).

Beta-endorphin : intravenous infusion causes behavioral

change in psychiatric inpatients. Archives of General

Psychiatry 3, 642–647.

Hamilton MJ (1980). A rating scale for depression. Neurology,

Neurosurgery and Psychiatry 23, 189–192.

Hollister LE, Johnson K, Boukbza D, Gillespie HK (1981).

Aversive effects of naltrexone in subjects not dependent on

opiates. Drugs and Alcohol Dependence 7, 1–5.

Magni G, De Bertolini C (1983). Chronic pain as a depressive

equivalent. Postgraduate Medicine 73, 79–85.

Magni G, Andreoli F, Arduino C, Arsie D, Ceccherelli F,

Eandi M (1987). $H-imipramine binding sites are decreased

in platelets of chronic pain patients. Acta Psychiatrica

Scandinavica 75, 108–110.

Marazziti D, Rosa C, Ghione S, Di Muro A, Castrogiovanni P

(1991). Pain threshold in depression. Biological Psychiatry

(Supplement 1) : 351.

Max MB, Culnane M, Schafer SC (1987). Amitriptyline

Downloaded from https://academic.oup.com/ijnp/article-abstract/1/1/45/655666
by guest
on 30 July 2018



48 D. Marazziti et al.

relieves diabetic neuropathy in patients with normal or

depressed mood. Neurology 37, 589–596.

Mellerup ET, Bech P, Hansen JH, Langemark M, Loldrup D,

Plenge P (1988) Platelet $H-imipramine binding in

psychogenic pain. Psychiatry Research 26, 149–156.

Moroz BT, Nuller IL, Ustmova IN, Andreev VB (1990). Study

of pain sensitivity based on the indicators of

electrodontometry in patients with depersonalization and

depressive disorders. Ziekenhaus Nevropathologie Psikhiatrie

im SS Korsakova 90, 81–82.

Risch SC (1982). Beta-endorphin hypersecretion in depression :

possible cholinergic mechanisms. Biological Psychiatry 17,

1071–1079.

Roberts MH (1984). 5-Hydrotryptamine and antinoception

Neuropharmacology 23, 1529–1536.

Seltzer S, Stoch R, Marcus R, Jackson E (1982). Alteration of

human pain thresholds by nutritional manipulation and L-

tryptophan supplementation. Pain 13, 385–393.

Van Praag HM (1978) In : Iversen LL, Iversen SD, Snyder SH

(Eds.) Handbook of Psychopharmacology (pp. 187–297). New

York : Plenum Press.

Von Knorring L, Almay BG, Johansson F, Terenius L,

Wahlstrom A (1982). Circannual variation in concentrations

of endorphins in cerebrospinal fluid. Pain 12, 265–272.

Von Knorring L, Perris C, Eisemann M, Eriksson U, Perris H

(1983). Pain as a symptom in depressive disorders. II.

Relationship to personality traits as assessed by means of

KSP. Pain 17, 377–384.

Von Knorring L, Almay BG, Johansson F (1987). Personality

traits in patients with idiopathic pain disorder. Acta

Psychiatrica Scandinavica 76, 490–498.

Von Knorring L (1991). Common pathogenetic mechanism in

chronic pain syndromes and in depressive disorders.

Biological Psychiatry 1, 237–239.

Ward NG, Bloom VL, Dworkin S, Fawcett J, Narasimhachari

N, Friedel RO (1982). Psychobiological markers in

coexisting pain and depression : toward a unified theory.

Journal of Clinical Psychiatry 43, 32–41.

Downloaded from https://academic.oup.com/ijnp/article-abstract/1/1/45/655666
by guest
on 30 July 2018


