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1,2,3, José Joaquı́n Cerón4, Pedro Montoya2,

Inmaculada RiquelmeID
2,3*

1 Balearic ASPACE Foundation, Marratxı́, Spain, 2 Research Institute on Health Sciences (IUNICS-IdISBa),

University of the Balearic Islands, Palma de Mallorca, Spain, 3 Department of Nursing and Physiotherapy,

University of the Balearic Islands, Palma de Mallorca, Spain, 4 Interdisciplinary Laboratory of Clinical

Analysis, Interlab-UMU, Regional Campus of International Excellence Campus Mare Nostrum, University of

Murcia, Murcia, Spain

* inma.riquelme@uib.es

Abstract

Background

Pain in people with cerebral palsy (CP) has been classically underestimated and poorly

treated, particularly in individuals with impaired communication skills.

Objective

To analyze changes in different salivary metabolites and pain behavior scales after a painful

procedure in adults with CP and adults with typical development.

Methods

Salivary levels of sTNF-α, sIgA, Cortisol, FRAP, ADA and Alpha Amylase, as well as 3

observational pain scales (Wong-Baker, Non-Communicating Adults Pain Checklist and

Facial Action Coding System) were assessed before and after an intramuscular injection in

30 Individuals with CP and 30 healthy controls. Video recording of face expression was per-

formed during the procedure for offline analysis.

Results

Pain in subjects with CP was higher than in healthy controls after the intramuscular injection

as displayed by observational scales. sTNF-α experienced a significant post-stimulus

increase in both groups and that increase shows a tendency to correlate with the observa-

tional scales scores. Other biomarkers classically associated with stress (cortisol, Alpha

Amylase) remain stable.
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Conclusion

sTNF-αmight be a promising pain indicator. Further research using controlled painful stimuli

of greater intensity and pain self-reports, would be necessary to better understand its use as

a pain biomarker.

1. Introduction

Pain in people with disabilities and communication disorders has been classically underesti-

mated and poorly treated [1–4]. More than a third of children and 74% of young adults with

cerebral palsy (CP) reports pain [5], usually as a consequence of motor deficiencies and the

consequent effects on the structure and function of the organism that characterize CP [6–10].

Being identified as one of the main limitations to carry out activities of daily living [11] it has

been argued that pain in people with CP may also occur because they are regularly exposed to

painful health procedures [5, 12, 13].

Verbal communication is considered the "gold standard" for the assessment of pain [14,

15]. Thus, pain in populations with disabilities and communication deficits can be difficult to

recognize by professionals [16], and caregivers [17, 18]. That, leads to a reduced or incomplete

pain management [19]. It has been suggested that behavioral observational scales could help in

evaluating pain in this collective [20]. However, there are other tools that have been validated

for clinical practice and appears to be less dependent on observer’s subjective judgment. Thus,

for example, the Facial Action Coding System (FACS) [21] allows categorizing the contraction

of the muscles of facial expression for the detection of pain [22].

Furthermore, the use of biomarkers such as brain activity [23–25], skin conductance, mus-

cle tension or heart rate variability [17, 26] could be used as objective indicators of pain to

complement data obtained by observing behavior [27]. Determination of salivary metabolites

could be a non-invasive, accurate and cost-effective method for the detection of pain in people

with disabilities [28]. For example, cortisol [29], salivary Alpha Amylase (sAA), or secretory

IgA (sIgA) [30, 31], adenosine deaminase (ADA) or Ferric Reducing Ability of Plasma (FRAP)

[32–36] can be determined in saliva and are linked to the activation of the nociceptive/immune

system [37]. Tumor Necrosis Factor-alpha (TNF-α) has also shown significant correlations

with observational pain scales [27, 38] and disease severity [39]. TNF-α emerges as a potential

biomarker for pain, influencing both peripheral and central sensitization, due to its implica-

tion in neuroinflammation and excitotoxicity [40]. In this sense, existing literature supports its

role as a predictive biomarker of the transition from acute to chronic pain, in view of its impli-

cation in mechanisms of hyperalgesia and nociceptive plasticity [41–44]. Similarly, it can be

used as a diagnostic marker, with associations noted in various acute and chronic painful con-

ditions, such as neuropathic pain, myofascial pain and acute low back pain [45–47]. The

behavior of TNF-α, showing an increment after acute pain in healthy populations [48], sug-

gests its involvement in nociceptive processes, highlighting its potential for express pain pro-

duced by painful procedures.

The use of metabolites as diagnostic/prognostic biomarkers in CP has seen a surge in recent

years, although the majority of the evidence focuses on the pediatric population. Several sali-

vary cytokines, chemokines, hormones, and neuropeptides, such as agouti-related peptide,

prolactin, cortisol, dynorphin, neuropeptide Y, somatostatin and nerve growth factor, have

successfully differentiated pain from no-pain subgroups in children with CP [49]. In addition,

salivary cortisol has been identified as a potential biomarker of stress and acute pain after
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rehabilitation programs [50]. In the adult population, different metabolic biomarkers such as

such as cortisol, Insulin-like Growth Factor 1or serum creatinine have been successfully used

to correlate with mental health and/or quality of life [51, 52] or other comorbidities such as

cardiorespiratory morbidity and mortality, cardiovascular /cardiorespiratory disease risk fac-

tors, fractures, or metabolic syndrome [53, 54]. To the best of our knowledge, there is no evi-

dence discussing the utility of metabolites in identifying the presence of acute pain in adults

with CP. Therefore, it is our intention to contribute to filling this gap in the literature.

The present study explores the role of salivary metabolites sTNF-α, sIgA, sAA, cortisol,

ADA and FRAP before and after a painful event (intramuscular injection) in adults with CP

and healthy individuals. Pain perception will be evaluated using pain thresholds and three dif-

ferent observation scales to check the validity of these metabolites as pain biomarkers. We

hypothesize that the mentioned markers, especially sTNF-α and cortisol, will experience an

increase in their expression after the intramuscular injection, in both the group of individuals

with CP and the control group.

2. Methods

2.1 Ethical considerations

Authorization for the participation of individuals with CP in all aspects of the protocol was

obtained through their parents or legal representatives. In all cases, written informed consent

was obtained. All the documents were written in standard form and in easy read format to

allow its reading to as many participants with intellectual handicaps as possible. Healthy con-

trols were informed as well and signed the informed consent. The study was performed in

accordance with the Declaration of Helsinki (1991) and the protocol was approved by the

Research Ethics Committee of [blinded for review] and by the Ethics Committee of [blinded

for review].

2.2 Study design

This has been a cross-sectional study performed between Feb 2021 and Jan 2022.

2.3 Participants

The calculation of the sample size was carried out using the G*Power software [55] and taking

TNF-alpha salival test as primary outcome, considering that the objective of the study was to

detect changes in their expression before and after a painful stimulus. As the prevalence of

cerebral palsy is estimated to be 1.5 cases/1000 inhabitants [56] (Bell et al, 2023) and the TNF

alpha saliva test sensitivity is 10.7 pg/ml [57], accepting an alpha risk of 0.05 in a bilateral con-

trast, 30 subjects per group were needed to detect a difference equal to or greater than 10.7

(SD = 9) pg/ml in the TNF alpha saliva test.

A group of seventy-five adults (over 18 years of age) with CP and/or their legal representa-

tives, users of the Adult Life Promotion Services of the Cerebral Palsy Association (ASPACE)

of the Balearic Islands (Majorca, Spain) were contacted after the health staff verified that they

did not meet the exclusion criteria. The contact was made by phone by the center’s manage-

ment. The only exclusion criteria were being younger than 18 years and reporting recent sur-

gery or presenting some type of acute inflammatory process in the last 6 months. Thirty

people with CP (mean age = 40.30 (11.58) yr., age range = 21–69 yr.; 10 females) agreed to par-

ticipate and their respective legal representatives signed the informed consent. In addition, A

administrative officer from ASPACE Balearic Foundation contacted 110 professionals from

the organization to invite them to participate in the study, of which 42 accepted. Finally, 30
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(mean age = 38.87 (9.12) yr., age range = 25–64 yr.; 10 females) were selected with the priority

of matching the gender and age representation of the CP group. S1 Table (see S1 Table) dis-

plays the Consort Flow chart to illustrate the selection, enrollment, and adherence of

participants.

2.4 Measures

Sociodemographic and clinical variables (i.e. CP subtype, hand dominance, level of gross

motor and communicative function) were reported or collected from the patient’s medical rec-

ords. Moreover, the following measures were assessed:

2.4.1 Salivary metabolites. Values of sTNF-α, sIgA, cortisol, FRAP, ADA and sAA were

determined before and after an intramuscular injection. Total sIgA was quantified with a com-

mercial ELISA kit (Bethyl, USA) previously validated for use with human saliva samples [58].

Cortisol was measured using a chemiluminescence assay (Siemens, USA) validated for use

with human saliva samples [59]. The measurement of FRAP was based on the method

described by Benzie and Strain with some modifications [60]. The sample was mixed without

previous dilution with a reagent containing ferric-tripyridyltriazine complex which is reduced

to ferrous-tripyridyltriazine by the non-enzymatic antioxidants of the sample. A first and sec-

ond read of the reaction were taken just after the assay mixture and 240 s after, respectively, by

using the Olympus AU400 automated biochemistry analyzer. A standard curve with different

concentrations of ferrous ion was used to calculate the concentration of the antioxidant capac-

ity of the samples. sAA activity was measured using a commercial colorimetric kit (Alpha-

Amylase, Beckman Coulter Inc., Fullerton, CA, USA) following the IFCC method as previ-

ously reported [61]. ADA was measured using a previously validated spectrophotometric assay

[62]. sTNF-α was measured using a commercially available ELISA kit (Diaclone, France) that

was previously used on saliva samples [63]. Salivary biomarkers have been able to identify

stress and pain in other studies with individuals with CP [50].

2.4.2 Observational scales. The Non-Communicating Adults Pain Checklist (NCAPC)

[64] classifies pain behaviors into six domains: vocal response, emotional response, facial

expression, body language, protective responses, and physiological responses. It is based on

the Non-Communicating Children Pain Checklist (NCCPC), a scale that proved to be the easi-

est to use without depending on familiarity with the subject or their level of development [65].

The NCAPC has shown good psychometric properties and the ability to differentiate not only

between the presence and absence of pain, but also between different pain intensities in adults

with intellectual and developmental disabilities [64]. As previously mentioned, recent evidence

points to this scale as the one of election to assess pain this population.

The Wong Baker FACES1 Pain Rating Scale [66] is a pain measurement tool rating pain

from 0 (no pain) to 10 (the worst pain possible). Although it is used primarily in pediatric pop-

ulations hospital, it is also a common scale for assessing pain in the field of disability and in

patients with communication disorders [67].

The Facial Action Coding System (FACS) [21] is a widely used method for coding facial

expressions in research [68] and it has been used previously in individuals with CP and commu-

nications disorders [24]. It was designed to provide objective descriptions of facial activity while

reducing the possibility of subjective judgments. It is based on the identification and description

of 44 facial action units (AU) by the examination of slow-motion videos. FACS classifies the fre-

quency and intensity of each UA on a 6-point scale (0 = no expression, 5 = extreme expression).

The expression of pain is coded in the following AU’s: lowering of the eyebrows (AU4), eleva-

tion of the cheeks and compression of the eyelids and/or contraction of the cheekbones (AU6/

AU7), wrinkling of the nose (AU9), raising the upper lip (AU10) and closing the eyes (AU43)
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[69, 70]. The final score is obtained by the sum of AU4, AU6 or AU7 (whichever is higher),

AU9 or AU10 (whichever is higher) and AU43 to make up a 20-point scale.

Pain ¼ AU4þ ðAU6kAU7Þ þ ðAU9kAU10Þ þ AU43

2.4.3 Composite index. In order to deepen the understanding of how the different vari-

ables reflect a global response and inspired by the idea underlying the concept of allostatic load

[71], a Composite Index of these biomarkers was calculated.

Allostatic load can be interpreted as the “‘wear and tear’ the body experiences when repeated

allostatic responses are activated during stressful situations” [72]. Mediated by several hormones,

neurotrophins, neurotransmitters, oxidative stress and immune-inflammatory response markers,

allostatic load is a reflection of an adaptive response to some stressors overlaid by additional

loads from unpredictable events in the environment, such as disease, human disturbances, and

social interactions [73]. In those situations, the allostatic load can increase dramatically, being a

useful measure for predicting unfavorable stress-related outcomes [74, 75]. To perform the calcu-

lation of the Composite Index, we grouped the variables into 4 categories: (1) Observational

Markers (EVA, NCAPC, FACS), (2) Neuroendocrine Markers (Cortisol), (3) Immune Markers

(sTNF-α, ADA, sIgA), and (4) Oxidative stress markers (sAA, FRAP). The 75th percentile of

each marker was determined based on the distribution in the study sample. Subsequently, a "scal-

ing" approach used previously for computing allostatic load [76, 77] was adapted for our calcula-

tion. Thus, for each individual, each marker with values above the 75th percentile was scored as

’1’ and the markers with values below the 75th percentile, as ‘0’. The sum of all markers in each

category (observational, immune, neuroendocrine, and oxidative stress) was divided by the num-

ber of markers in each category in order to allow equal weighting of all four. Finally, the scores of

the four categories were added and a final CI was calculated.

IC ¼ ½ðEVA DICOþ NCAPC DICOþ FACS DICOÞ=3� þ ½Cortisol DICO� þ ½ðsTNF DICO
þ ADA DICOþ sIgA DICOÞ=3� þ ½ðsAA DICOþ FRAP DICOÞ=2�

2.4.4 Tactile and pain thresholds. Tactile thresholds were assessed in non-painful body

locations (back of the dominant hand, between the second and third metacarpals) with Von

Frey monofilaments (Somedic Sales AB, Hörby Sweden) [78]. These filaments consist of 17

nylon hairs with rounded tips and diameters ranging from 0.14 to 1.01 mm that stimulate fine

touch receptors. The filament was pushed perpendicular to the point to be explored until it

bends, making three touches to ensure that the response was coincident. After several practice

trials, participants were asked to close their eyes/not look at the stimulated area and to notify if

they felt any tactile sensation by saying “yes” or “no”. Null stimuli were applied randomly

(once every 4–5 stimuli) to check for false positive responses. In this case, participants were

informed that they had perceived a null stimulus in order to refocus their attention, but

response was not included for threshold calculation. Responses with a delay of more than 3s

were considered as undetected. Previous studies have shown the usefulness of this procedure

to measure somatosensory sensitivity in adults with CP [79].

Pressure pain thresholds (expressed in N/cm2) were measured with a digital dynamome-

ter (Force One, Wagner Instruments, Greenwich, CT USA) with a flat rubber tip (1 cm2) in

the same body locations as described above. Participants were asked to say “pain” or to raise a

hand when the pressure became painful. In those cases in which the participant could not

express himself with words or gestures, the response to the painful stimulus was determined

by observing the behavior by a professional with experience in the daily care of the participant,
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according to the consensus of Backonja et al. [80]. This procedure has been successfully used

for determining pain sensitivity in adults with CP [79]. Two stimuli were applied and the pres-

sure pain threshold was taken as the mean intensity at which the participants experienced an

uncomfortable sensation.

2.5 Procedure

Saliva samples were collected before and 10-minutes after a painful procedure (intramuscular

injection: BioNTech, Pfizer vaccine to protect against COVID-19 in participants with CP and

physiological saline injection—0.9% sodium chloride—in healthy controls). All injections

were administered in the deltoid muscle belly and were videotaped for off-line analysis of

NCAPC and FACS, which was performed by two independent clinicians. During the intra-

muscular injection, each participant’s facial expression was scored by a trained clinician using

the Wong Baker FACES1.

Professionals from the ASPACE Balearic Foundation received training on how to collect

saliva samples using the SalivaBio Children’s Swab (SCS) kit from Salimetrics following the

manufacturer’s instructions (https://salimetrics.com/wp-content/uploads/2018/02/children-

swab-saliva-collection-instructions.pdf). One hour before sample collection, tactile sensitivity

and pain threshold were assessed. At that moment, participants were instructed not to practice

physical exercise, eat, drink other beverages than water, brush their teeth or consume caffeine

until the sample collection. Five minutes before sample collection, to reduce saliva contamina-

tion with possible leftover food, the participants’ mouths were rinsed with clean water. Before

starting the sample collection, participants were asked to swallow any saliva present in the

mouth. Participants with CP unable to understand the order were prepared by care profession-

als, who removed residual saliva from their mouths with the help of absorbent sponges com-

monly used for oral hygiene.

Two saliva samples were collected, one before and one after the painful procedure (intra-

muscular injection). The first saliva sample was collected 10 minutes prior to administering

the intramuscular injection, by keeping a swab in the participant’s mouth for 2 minutes. The

subsequent collection was carried out at 10 minutes post-injection following the same proto-

col. These times were selected considering evidence that indicates the temporal ability of the

different metabolites to show changes [81]. Immediately after saliva collection, the swab was

inserted into a 10ml syringe, through which the collected saliva was extracted into a polypro-

pylene centrifuge tube using the compression method. The samples were immediately refriger-

ated and frozen at −80˚C until they were analyzed.

2.6 Statistical analysis

The statistical package SPSS (V.22, IBM, Armonk, NY, United States) was used for analyses.

Descriptive statistics were used to characterize the sample and the different study variables in

both groups. Analyses of variance for repetitive measures (ANOVA) were performed with

GROUP (individuals with CP vs. healthy controls) as between-subjects factor and TIME

(before the intramuscular injection vs. after the intramuscular injection) as within-subject fac-

tors. Greenhouse–Geisser correction was applied for the violation of sphericity assumptions;

Bonferroni corrections were applied for post-hoc comparisons. In addition, bivariant correla-

tions were computed between clinical variables, metabolite levels and observational scales.

3. Results

Groups were similar in sensitivity to touch and pain pressure stimuli. Table 1 displays the clin-

ical characteristics of participants with CP.
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3.1 Salivary metabolites

Fig 1 displays the distribution of salivary metabolites in both groups before and after the pain-

ful stimuli. sTNF-α showed a TIME effect (F[1,55] = 7.1, p = .010), showing that both groups

had increased its expression after the intramuscular injection as compared with before the

intramuscular injection. No GROUP nor TIME x GROUP effects were found. No significant

statistical differences were found for the rest of the metabolites.

3.2 Pain observational scales

Observational scales were scored by two independent evaluators. The Intraclass Correlation

Coefficient (ICC) between the evaluators resulted of 0.65, 0.71 and 0.73 for Won-Baker-

FACES1, NCAPC and FACS respectively (reliability between fair and good). An average of

the two scores was used for calculating the final score for the statistical analyses. Fig 2 displays

means and typical errors of the observational scales of pain (Fig 2).

Pain scores using the Wong Baker FACES1 showed a significant GROUP effect (F[1,58] =

11.1, p = .002), indicating more pain reported in individuals with CP than in healthy controls.

In addition, a significant TIME effect was yielded (F[1,58] = 211.9, p< .001), showing that

both groups had increased pain after the intramuscular injection as compared with before the

intramuscular injection. However, there was no significant TIME x GROUP effect (F[1,58] =

2.6, p = .111).

The Non Communicative Adult Pain Checklist (NCAPC) indicated a significant GROUP

effect (F[1,58] = 20.4, p =< .001), indicating that individuals with CP had more pain signs

than healthy controls. In addition, a significant TIME effect was yielded (F[1,58] = 33.0, p<

Table 1. Clinical characteristics of participants with cerebral palsy.

n

GMFCS

Level I 7/30

Level II 2/30

Level III 1/30

Level IV 11/30

Level V 9/30

CFCS

Level 0 1/30

Level I 3/30

Level II 5/30

Level III 8/30

Level IV 7/30

Level V 6/30

CP subtype

Mixed tetraplegia 7/30

Mixed spastic tetraplegia 2/30

Spastic tetraplegia 1/30

Spastic tetraparesis 11/30

Spastic quadruplegia 9/30

CP: cerebral palsy; GMCFC: Gross Motor Function Classification System (Palisano et al., 1997 [82]), CFCS:

Communication Function Classification System (Hidecker et al., 2011 [83]). These scales classify the person into 5

levels of function: lower scores indicating lower impairment of function.

https://doi.org/10.1371/journal.pone.0308386.t001
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.001), showing that both groups had increased during the intramuscular injection as compared

with before the intramuscular injection. There was a significant TIME x GROUP effect (F

[1,58] = 20.4, p =< .001), showing higher pain expressions in individuals with PC than in the

control group both before and during the intramuscular injection (both p< .001) and that

only individuals with CP showed an increase of the painful behavior scores during the intra-

muscular injection (p < .001), whereas no change was observed in healthy controls (p = .803).

FACS scores indicated a significant GROUP effect (F[1,45] = 16.5, p =< .001), indicating

that individuals with CP had more pain signs than healthy controls. In addition, a significant

TIME effect was yielded (F[1,45] = 37.2, p< .001), showing that both groups had increased

pain during the intramuscular injection as compared with before the intramuscular injection.

There was a significant TIME x GROUP effect (F[1,45] = 16.5, p =< .001) showing higher

pain expressions in individuals with PC than in the control group both before and during the

intramuscular injection (both p< .001) and that only individuals with CP showed an increase

Fig 1. Box plot of the expression of selected salivary metabolites 10 min previous the intramuscular injection (pre-vaccination) and 10 minutes post

injection (post-vaccination).

https://doi.org/10.1371/journal.pone.0308386.g001

Fig 2. Graphical representation of the means and standard errors of the observational pain scales comparing 2

times: Before intramuscular injection (pre-vaccination) and at the time of injection (vaccination). ***Sig p<0.001.

https://doi.org/10.1371/journal.pone.0308386.g002
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of the painful behavior scores during the intramuscular injection (p< .001), whereas no

change was observed in healthy controls (p = .106).

3.3 Composite index

The total composite index showed a significant GROUP effect (F[1,58] = 11.1, p = .002), indi-

cating higher index in individuals with CP than in healthy controls (Fig 3). In addition, a sig-

nificant TIME effect was yielded (F[1,58] = 211.9, p< .001), showing that both groups had

increased the index after the vaccination as compared with before the vaccination. However,

there was no significant TIME x GROUP effect (F[1,58] = 2.6, p = .111).

The analysis of the different categories of the composite index is displayed in Table 2. In

general, all the categories showed an effect GROUP, revealing higher levels in individuals with

CP than in healthy controls, and an effect TIME, expressing a significant increase in all the var-

iables after the intramuscular injection except for the neuroendocrine category. Nevertheless,

no interaction effects TIME x GROUP were found in any of the categories.

Fig 3. Means of the composite index after the vaccination.

https://doi.org/10.1371/journal.pone.0308386.g003

Table 2. Mean ± standard deviation of the different categories of the composite index before and after the vaccination.

Before vaccination After vaccination TOTAL PRE-POST

CP HC CP HC

Observational 0±0 0±0 p = 0 0.67±0,58 0.53±0,58 p = 0.11 p = < .001

Neuroendocrine 0.4±0.75 0.1±0.75 P = 0.007 0.33±0.73 0.1±0.73 P = 0.028 p = 0.644

Immune 0.28±0.49 0.22±0.49 p = 0.44 0.38±0.49 0.34±0.49 p = 0.52 p = 0.002

Oxidative stress 0.18±0.59 0.07±0.59 p = 0.04 0.28±0.59 0,17±0.59 p = 0.16 p = 0.014

Table 2 References: CP–Cerebral Palsy Group; HC–Healthy Controls

https://doi.org/10.1371/journal.pone.0308386.t002
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3.4 Tactile and pain thresholds

Baseline tactile thresholds were significantly higher in adults with CP than in control individu-

als (F(1,58) = 11.13, p = .001), indicating lower tactile sensitivity in individuals with CP. No

differences between the groups were found in baseline pain thresholds (p = .877).

3.5 Correlations between salivary metabolites and observational pain scales

To perform the correlations, we calculated the percentage change of the values after the intra-

muscular injection with respect to before the intramuscular injection for all the variables

under study.

The change in cortisol correlated with the change in NCAPC (r =.-433, p = .057 and r =

.305, p = .033 respectively), revealing that an increase in pain perception during the intramus-

cular injection was mirrored by an increase of cortisol values after the intramuscular injection.

In order to further explore these significant correlations, we analyzed both groups separately.

Cortisol levels after the intramuscular injection correlate with change in NCAPC (r = -.396, p

= .045) in individuals with CP, but not in healthy controls, indicating that higher cortisol levels

were associated with less painful behaviors only in individuals with CP. No other correlations

were found between metabolite levels and observational scales. Touch thresholds correlated

with the change in the NCAPC in individuals with CP, but not in healthy individuals (r = .530,

p = .004), revealing an association between lower baseline levels of tactile sensitivity (higher

thresholds) with higher changes in painful behaviors in individuals with CP. No significant

correlations were found between clinical variables and observational scores or metabolite

changes.

4. Discussion

In order to explore the role of salivary metabolites as biomarkers of pain in people with CP

and communication impairment, the aims of the present study were: 1) to analyze possible dif-

ferences in pain perception between people with CP and HC when faced an acute painful stim-

ulus, such as an intramuscular injection (vaccine), and 2) to explore the correlation of

observational scales and baseline pain and tactile thresholds with the change in the expression

of salivary metabolites. Although individuals with CP showed higher pain behaviors than

healthy individuals, both groups had similar changes in the expression of salivary metabolites

or a composite index joining behavioral and endocrine markers after an acute pain procedure.

Observational scales seem to be still the best tools for pain detection in individuals with CP,

being able to detect changes in behaviors even in a stimulus classified as “mild”, as it was an

intramuscular injection [84]. In that sense, individuals with CP have shown higher scores in

the observational tools than HC, in concordance with previous research [14, 24, 68]. However,

observational scales have shown limitations in the assessment of pain intensity in people

unable to verbalize their pain in specific situations of spasticity or chronic pain [14, 24, 68].

Furthermore, a possible handicap of observational scales is that they often do not make clear

what part of the observed responses is caused by pain or by other factors, such as fear or stress

[85]. An in-depth pain assessment with other methods would be a good complement for

detecting pain situations in individuals with CP.

Regarding salivary metabolites, sTNF-α showed increased values after painful stimulation

for both individuals with CP and healthy controls. In contrast to other metabolites, such as

cortisol or sAA, that have been clearly related to stress in people with typical development [35,

86] and individuals with CP [87], sTNF-α has been associated to pain perception in popula-

tions with typical development and elderly with dementia [27, 38]. In addition, it has been sug-

gested that sTNF-α could be a biomarker of pain in patients with fibromyalgia [88] and that
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sTNF-α levels are reduced after anti-inflammatory treatments [39]. Therefore, although the

correlation observed in this study between sTNF-α and the perception of pain measured with

the observational scales is absent, it could be interpreted that the increase in sTNF-α, but not

in the rest of the metabolites associated with stress, could be considered as a biomarker of pain

also in individuals with CP. Thus, it should be noted that the fact that sTNF-α levels increased

while cortisol levels remained stable could indicate that the procedure used (intramuscular

injection), although slightly painful, was not stressful for individuals with CP or for the group

of healthy individuals. However, the fact that behavioral pain scores were associated with corti-

sol levels in individuals with CP also suggests that this metabolite could be used as a biomarker

of pain in this population. In this sense, previous studies have considered that the increase in

cortisol levels could be understood as an indicator of stress, but also of pain in PC [50] and

other populations, such as fibromyalgia and patients with rheumatoid arthritis [89, 90]. Fur-

ther research should deepen in the role of cortisol in specific populations such as those with

developmental disorders.

4.1 Study limitations

The main limitation of this study was due to the fact that the painful stimulus was of short

duration and low intensity. This could have led to a low response on both the metabolite

expression and observation scales. It would be convenient to examine whether stimuli of lon-

ger duration and intensity cause significant changes in the variables examined in this study.

Although the acute pain procedure using a needle prick was similar in intensity and duration

comparable in the participants with CP and the control group, the use of different solutions

might have affected pain perception and bias the results. Although this procedure was included

in the health routine of the cerebral palsy participants, minimizing additional pain discomfort,

other procedures surpassing these limitations should be explored in future studies. The mea-

sures used in the study, although supported by previous research in individuals with cerebral

palsy or similar conditions, were not specifically validated for this population; although the

saliva sampling was chosen for being a quick, easy and low invasive method, supported by pre-

vious research [49, 50], and having the potential to be used in daily pain exploration, a blood

sample might have proportionated more reliable information about pain-related metabolite

changes. Furthermore, the use of a vaccine as a pain trigger may have influenced the levels of

sTNF-α compared to other markers such as cortisol. Finally, due to the cognitive disability

that many of the participants had, it was not possible to compare the scores obtained on the

observational scales with self-reported pain to assess the agreement between them. In this

sense, previous studies have revealed that the agreement between self-reports and the observa-

tion of pain by family members and healthcare personnel is relatively moderate in people with

CP [13].

5. Conclusions

In conclusion, despite their subjective component, observational scales appear still as the most

useful instruments for detecting the presence of pain in adults with CP with communication

impairments. Although sTNF-α might be a promising pain indicator, further research using

controlled painful stimuli of greater intensity and being able to compare observational mea-

sures with self-reported pain, are necessary to better understand its use as a pain biomarker. It

would also be interesting to focus future research on the temporal behavior of the proposed

biomarkers in order to further clarify their utility in diagnosing pain in adults with CP. Find-

ing a more objective way for this diagnosis is crucial to improve the health and quality of life of

this population, especially when they face communication impairments.
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Conceptualization: Álvaro Sabater-Gárriz, Pedro Montoya, Inmaculada Riquelme.
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stress associated with an oral public speech in veterinary students by salivary biomarkers. J Vet Med

Educ. 2014 Spring; 41(1):37–43. https://doi.org/10.3138/jvme.0513-073R1 PMID: 24449705.

60. Tvarijonaviciute A, Aznar-Cayuela C, Rubio CP, Ceron JJ, López-Jornet P. Evaluation of salivary oxi-
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