
brain
sciences

Article

Specific Behavioral Responses Rather Than Autonomic
Responses Can Indicate and Quantify Acute Pain among
Individuals with Intellectual and Developmental Disabilities

Ruth Defrin 1,2,*, Tali Benromano 3 and Chaim G. Pick 2,3,4,5

����������
�������

Citation: Defrin, R.; Benromano, T.;

Pick, C.G. Specific Behavioral

Responses Rather Than Autonomic

Responses Can Indicate and Quantify

Acute Pain among Individuals with

Intellectual and Developmental

Disabilities. Brain Sci. 2021, 11, 253.

https://doi.org/10.3390/brainsci

11020253

Academic Editor: Vincenzo Donadio

Received: 5 January 2021

Accepted: 10 February 2021

Published: 18 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Physical Therapy, School of Health Professions, Sackler Faculty of Medicine, Tel-Aviv
University, Tel Aviv 69978, Israel

2 Sagol School of Neuroscience, Tel-Aviv University, Tel Aviv 69978, Israel; pickc@tauex.tau.ac.il
3 Department of Anatomy, Sackler Faculty of Medicine, Tel-Aviv University, Tel Aviv 69978, Israel;

talibenromano@gmail.com
4 Miriam and Sheldon G. Adelson Chair and Center for the Biology of Addictive Diseases, Tel-Aviv University,

Tel-Aviv 69978, Israel
5 Sylvan Adams Sports Institute, Tel Aviv University, Tel Aviv 69978, Israel
* Correspondence: rutidef@post.tau.ac.il; Tel.: +972-3640-5431; Fax: +972-3640-5436

Abstract: Individuals with intellectual and developmental disabilities (IDD) are at a high risk of
experiencing pain. Pain management requires assessment, a challenging mission considering the
impaired communication skills in IDD. We analyzed subjective and objective responses following
calibrated experimental stimuli to determine whether they can differentiate between painful and
non-painful states, and adequately quantify pain among individuals with IDD. Eighteen adults with
IDD and 21 healthy controls (HC) received experimental pressure stimuli (innocuous, mildly noxious,
and moderately noxious). Facial expressions (analyzed with the Facial Action Coding System (FACS))
and autonomic function (heart rate, heart rate variability (HRV), pulse, and galvanic skin response
(GSR)) were continuously monitored, and self-reports using a pyramid and a numeric scale were
obtained. Significant stimulus-response relationships were observed for the FACS and pyramid
scores (but not for the numeric scores), and specific action units could differentiate between the
noxious levels among the IDD group. FACS scores of the IDD group were higher and steeper than
those of HC. HRV was overall lower among the IDD group, and GSR increased during noxious
stimulation in both groups. In conclusion, the facial expressions and self-reports seem to reliably
detect and quantify pain among individuals with mild-moderate IDD; their enhanced responses may
indicate increased pain sensitivity that requires careful clinical consideration.

Keywords: cognitive impairment; intellectual disability; experimental pain; pain measurement; facial
action; self-report; autonomic responses

1. Introduction

Intellectual disabilities are defined by the Diagnostic and Statistical Manual of Mental
Disorders (DSM, 5th Edition) as neurodevelopmental disorders that begin in childhood
and are characterized by intellectual difficulties as well as difficulties in conceptual, social,
and practical areas of living. These include confirmed deficits in reasoning, problem
solving, planning, judgment, and learning from experience, among others, as well as
deficits in adaptive functioning and independence. Individuals with intellectual and
developmental disabilities (IDD) are at an increased risk of experiencing pain than are
the cognitively intact population [1] for several reasons. First, the etiology of the IDD
and its subsequent complications may affect multiple bodily systems; it may also require
painful diagnostic tests and procedures [2–5]. Second, individuals with IDD exhibit greater
rates than normal of falls, accidents, and injuries [6,7]. Third, individuals with IDD may
be limited in their ability to comprehend the implications of an injury or pain and to
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adequately communicate it to care givers; thus, they may not receive a proper diagnosis or
care at a proper timing [8–10]. Finally, the overall low level of physical activity [11] and the
reduced involvement in health decision making [12] may further increase the risk for pain
in individuals with IDD.

The unfortunate consequence of increased exposure to many potentially painful
situations, along with the limited cognitive and communication abilities of individuals with
IDD, is that these individuals seem to receive less treatment for pain than their cognitively
intact peers [8,13,14]. Furthermore, the prevalence of chronic pain among individuals with
IDD, reaching up to 70%, is high by any standard [13,15,16]. Identifying and quantifying
pain states among individuals with IDD in a manner that does not necessitate self-reporting
is thus crucial in order to provide them with adequate pain management; however, it is
also particularly challenging (for a review, see reference [17]).

Behavioral and physiological indices are potential candidates for this purpose. Indeed,
individuals with IDD respond to painful clinical conditions, such as dental care, venipunc-
ture, or physical treatment, with increased facial and bodily expressions, e.g., [18–24] as
well as increased heartbeat, blood pressure, and oxygen saturation [25–27], compared
with baseline values. However, because pain-provoking stimuli in these conditions can
neither be quantified nor controlled, the extent to which such behavioral and physiological
indicators can reliably differentiate between non-painful and painful states, and between
different levels of pain, requires additional investigation and verification.

In two pioneering studies, innocuous light touch, deep pressure, cool and warm
stimuli, and pin prick induced similar increases in facial-body reactions compared to sham
trials among adults with severe-profound IDD [28,29]. However, comparisons to normative
responses were unavailable. Similar stimuli among children with IDD induced overall
increased facial and body responses, compared with control children [30]; however, there
was appreciable inter- and intra-individual variability [31]. Therefore, differentiating pain
responses from responses to innocuous stimuli was very challenging. In another study,
individuals with IDD and controls could similarly discriminate between sharp and dull
pinpricks; however, the sharp stimulus was not necessarily painful [32].

Previously, we measured the behavioral and autonomic responses of individuals with
cerebral palsy (CP) and IDD vs. cognitively intact controls to standardized innocuous
and noxious mechanical stimuli. We found a gradual increase in the magnitude of the
facial expressions (but not of the autonomic signs) with an increase in stimulation intensity,
which was steeper among the IDD group [33]. However, it is not clear whether these
responses were characteristic of CP and were affected by the motor impairment of the
participants, or if they were typical of IDD in general; this requires further investigation. In
a later study, we found greater pain-evoked potentials among individuals with IDD than
in controls, which was correlated with stimulation intensity [34]; however, this assessment
method may not be feasible for clinical purposes. Except for another study in which tactile
stimuli produced an increase in facial temperature among children with IDD, compared
with controls [24], we could not find other studies in which physiological indices have been
analyzed following experimental noxious stimuli.

Owing to the dearth of studies assessing pain responses to standardized noxious stim-
uli among individuals with IDD, and considering the possibility that these individuals may
be pain hypersensitive [35,36], our aim was to determine whether objective, semi-objective,
and subjective pain indicators among individuals with IDD following standardized stim-
uli: (1) can differentiate between pain and non-pain states, (2) can reliably indicate pain
intensity, and (3) are increased compared with controls.

2. Materials and Methods
2.1. Participants

The study comprised 39 adults: 18 individuals with IDD (IDD group, age 36.4 ± 7.5 years)
and 21 cognitively intact healthy controls (HC group, 32.4 ± 9.2 years). All the individuals
with IDD were recruited from a central daycare center for people with IDD (Israel Elwyn).
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IDD was diagnosed based on clinical evaluation and standardized testing of intelligence
(including the Wechsler Intelligence Scale for Children-Revised and the Wechsler Preschool
and Primary Scale of Intelligence), performed by a team from the national Ministry of Social
Affairs and Social Services, which supervises all services related to IDD. These individuals
had an estimated level of mild or moderate IDD, and the ability to understand their mother
tongue. Healthy controls were employees or students of Tel-Aviv University or of the day-care
center for people with IDD. Exclusion criteria were as follows: any known acute or chronic
pain (all the participants), bruises or injuries in the testing regions (all the participants), and
idiosyncratic behaviors such as self-injury and moaning (the individuals with IDD). Medi-
cal information on the participants with IDD was retrieved from their medical records by
their legal guardian upon request, and additional information was also obtained from the
primary care giver and the day care center physician if needed. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of Tel-Aviv University (3012/2012), the institutional review board of the Ministry
of Social Affairs and Social Services (201323-01), and by the legal guardians of the participants
with IDD. Prior to entering the study, a written informed consent was attained from all the
participants of the control group and from the legal guardians of all the participants with IDD,
after they received explanations on the study’s aims and protocols. In addition, the protocol
was explained to the participants with IDD and their escorts upon their arrival to the lab, and
each step of the protocol was carried out only after their oral consent was obtained.

2.2. Instruments
2.2.1. Pressure Algometer

Pressure stimuli were delivered, using a pressure algometer (Somedic Sales AB, Al-
gometer type II, Sweden). The algometer has a pressure transducer unit, an electronic
recording and display unit, and a subject-activated push button connected via a cable to
the algometer. Its accuracy level is ±3% and its unit of measurement is the kilopascal
(kPa). The examiner holds the algometer perpendicular to the skin surface and applies a
constantly increasing pressure (with pre-determined rates) that is monitored and viewed
on the screen of the electronic display. The surface area of the algometer’s probe that is
pressed against the skin was 1 cm2.

2.2.2. PMD-100 System

Autonomic responses to pressure stimuli were evaluated by measuring the fluctu-
ations in the heart rate (HR), heart rate variability (HRV), photoplethysmograph wave
amplitudes (PPGA), and galvanic skin response (GSR). These physiological signals were
constantly recorded, sampled, and stored on a computer using the PMD-100 system
(Medasense Biometrics, Ltd., Ramat-Gan, Israel) through a finger probe. A 1-lead elec-
trocardiogram signal was sampled at a frequency of 500 Hz; a reflectance-mode photo-
plethysmogram (PPG) signal from the right-hand index finger was sampled at a frequency
of 500 Hz. Skin conductance (measured in micro-Siemens, µS) was measured with two
electrodes that were placed on the volar pads of the distal phalanx in the middle and ring
fingers of the right hand; it was sampled at a frequency of 31.25 Hz. The recorded signals
were synchronized and processed off-line using MATLAB R2010 scientific software (The
MathWorks, Inc., Natick, MA, USA).

2.2.3. Facial Action Coding System (FACS)

The physiological response to pressure stimuli in terms of facial expressions was
analyzed using the Facial Action Coding System (FACS). The FACS comprises a list of
facial actions (action units (AUs)) that correspond to the movement of specific facial muscles
or a group of facial muscles [37]. We used 14 AUs that have been found to serve as valid,
reliable, and sensitive indicators of pain [38,39]; they have been utilized in our previous
studies in which we also established high inter-rater reliability and agreement [22,33]. The
AUs were as follows: Brow lowerer (AU4), cheek raiser (AU6), lid tightened (AU7), nose
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wrinkler (AU9), upper lip raiser (AU10), lip corner puller (AU12), lip stretcher (AU20), lip
presser (AU24), lips part (AU25), jaw dropper (AU26), mouth stretch (AU27), eyelid drop
(AU41), eyes closed (AU43), blink (AU45).

2.2.4. Self-Report Rating Scale

Pain ratings following pressure stimuli were acquired using a Pyramid pain scale.
This is a graphical rectangular ruler, made out of plastic, 20 cm long and 7 cm wide, on
which five colored pyramids of different increasing sizes are drawn on a horizontal base.
The region of the scale’s base that has no pyramid above it (the leftward endpoint) indicates
no pain = 0. The heights of the pyramids represent the magnitude of pain wherein the
highest pyramid (the rightward endpoint) indicates the worst possible pain = 5. This
scale was validated in a previous study among both individuals with IDD and cognitively
intact peers [33]. Nevertheless, the participants were instructed to rate their pain on a 0-10
numerical rating scale (NRS) as well, which was anchored at 0 = no pain sensation and 10
= worst pain imaginable, which, for participants in the HC group, is more intuitive.

3. Procedures
3.1. Training and Pressure Stimulation

The experiment was designed by the “experimental pain” working group of the
European Cooperation in the Field of Scientific and Technical Research (COST), termed
“Pain assessment in patients with impaired cognition, especially dementia” (TD-1005) of
which the authors are members. The aims of this international group are to raise awareness
of the subject of pain among individuals with cognitive impairment and to construct a pain
assessment tool for this population. The protocol was first tested on healthy volunteers
prior to testing individuals with IDD in order to verify the intensity of the pressure stimuli
and the ability to endure them for the required duration [33].

Prior to actual testing, the participants of both groups underwent a training session
in which they were familiarized with the pressure algometer and the PMD-100 device
and were trained to use the pyramid scale. During the training session, the participants
were administered pressure stimuli of various intensities in the mid-thigh region. The
participants were then instructed how to rate their pain using the pyramid and NRS scales.
In addition, the subjects were instructed how to sustain their faces in order to capture their
facial expressions by the camera.

After a five-minute break, the experiment began. Figure 1 presents the experimental
set-up. The examiner stood behind the subject to administer the stimuli but not to interfere
with videotaping. Each subject received a total of six pressure stimuli, administered with
the pressure algometer, to the upper part of the trapezius muscle (halfway between the
neck line and the shoulder line). The stimuli were administered to the left and right side
in an alternate manner (three stimuli on each side). The intensities of the pressure stimuli
were 50, 200, and 400 kPa. These stimuli were chosen based on a preliminary experiment
conducted on healthy adults in order to evoke one innocuous, one mildly noxious, and
one moderately noxious pressure sensation, respectively [33]. The pressure stimuli rose
rapidly from a baseline of 0 kPa to the designated magnitude and lasted seven seconds
(a two-second increase from baseline and five seconds in the destination intensity). The
duration of pressure increase from baseline was similar for all the stimuli so that the evoked
facial expressions and physiological responses would be captured at a similar duration for
all the stimuli.
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Figure 1. The experimental setup.

The interval between stimuli applied to each body side was two minutes, and the
interval between stimuli applied on the same body side was four minutes. These intervals
were chosen in order to avoid carry over between stimuli (especially because the stimulation
intensities were not randomized) and in order to allow sufficient time for pain rating. The
examiner moved the algometer’s probe by about 0.5 cm when returning to a previous
location. The rational for lack of randomization in stimulation intensity was based on the
preliminary trials. When individuals with IDD received the strongest stimulus before the
weaker stimuli due to randomization, they became alarmed and anxious and wanted to
withdraw from the experiment. In contrast, when they received the stimuli according to
the order of intensity, these individuals could easily endure the entire protocol.

The participants with IDD as well as controls rated their pain after each stimulus,
using the pyramid scale by pointing with their finger to the pyramid that best fit their pain
(two participants could not use this scale and instead were asked to report if pain existed
or not, and if they said yes, they were asked to report if the pain was mild, moderate, or
strong). The participants also provided a number between 0–10 on the NRS.

3.2. Recording and Analysis of the Facial and Bodily Responses

The video camera was recording the entire duration of the protocol. The camera was
situated on a tripod 0.5 meter in front of the participant. In order to ensure an optimal
position of the face for the purpose of FACS analysis, the participants were asked to look
at a green “X” shape that was mounted on the wall in front of them. The behavioral
responses of the participants during baseline and pressure stimulation were analyzed ret-
rospectively, frame-by-frame, using the slow-motion option. During baseline, the subjects
were instructed not to engage in any specific activity; the analysis of facial expression and
freezing was conducted for a random seven-second segment. The analysis of responses
during pressure stimulation began at the moment the stimulus was applied, for a duration
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of seven seconds. The raters observed the video segments of the different conditions (rest,
the innocuous, and the two noxious stimuli) in a random order.

The intensity of most of the FACS’s AUs was coded on a six-point intensity scale
ranging from 0 = no action, through 1 = minimal action/trace, to 5 = maximum action [38].
The intensity coding of AU43 was binary; namely, a score of 0 or 5 and the intensity coding
of AU45 was on the frequency of blinking. The FACS score for each participant was the sum
total of the intensity (or frequency) scores of all 14 AUs. Furthermore, in order to analyze
the most pronounced locations of the pain-related AUs, we calculated the frequency of each
AU for the two noxious stimuli (200 and 400 kPa). Because, in our previous studies, we
found that, in addition to the facial expressions recorded with the FACS, individuals with
IDD and CP often responded to the noxious stimuli with body “freezing” or “stillness” [33];
we coded this additional item as well, separately from the FACS. The coding of freezing,
which was defined as stillness and/or lack of upper body movement for at least three
seconds, was binary (yes/no).

3.3. Analyzing the Physiological Signals

Physiological signals were continuously recorded with PMD-100 throughout the entire
protocol duration, and the data for the analysis were extracted off-line. For each of the four
study conditions, rest, 50, 200, and 400 kPa, segments lasting 15 seconds, beginning from
the application of pressure onto the subjects’ skin, were sampled and averaged [33].

4. Data Analysis

Data analysis was conducted with IBM SPSS statistics software (version 25, IBM,
New York, USA). The normal distribution was evaluated using the Kolmogorov–Smirnov
test. First, the values of the FACS, pain ratings, and autonomic variables were compared
between the right and left shoulder. Because there were no body side effects, data from the
two shoulders for each variable separately were averaged for use in subsequent analyses.
Parametric and non-parametric models with interactions were used to measure group
effect (IDD vs. HC) and condition effect (baseline, 50, 200, and 400 kPa) on the following
dependent variables: FACS scores, freezing, pyramid scores, NRS scores, HR, HRV, PPGA,
and GSR. Post-hoc tests were corrected for multiple comparisons using the Tukey correction.
The correlation between each two variables was calculated with Pearson’s or Spearmans’ r.
The internal consistency of the FACS was assessed using the α-Cronbach test.

Because not all 14 items of the FACS changed similarly during pain within the IDD
and HC groups, and in order to learn which FACS items can classify the groups during
pain and contribute to pain identification, a two-step cluster analysis was performed
on data obtained during the 400 kPa stimulation (the more intense noxious stimulus).
Crosstabs analysis and multivariate ANOVA (MANOVA) were then performed to evaluate
the association between the clusters and the groups (IDD and HC) and to test group
differences (Partial Eta2 values assessed the ratio of variance).

Two-tailed p-values are reported and p < 0.05 was considered significant.

5. Results
5.1. The Study Groups

The IDD group did not differ from the HC group in age (t-test: t = −1.41, p = 0.15)
and sex distribution (Mann–Whitney U-test: Z = −0.48, p = 0.68). Table 1 presents the
participants with IDD; it included nine individuals with Down syndrome (DS subgroup;
age 33.9 ± 2.35 years) and nine individuals with Unspecified Intellectual Disability (UID
subgroup; 39.0 ± 10 years). Individuals with DS and UID did not differ in age (t = −1.4,
p = 0.16), sex distribution (Z = −1.82, p = 0.12), or their level of IDD (Z = −1.89, p = 0.07). All
but three participants in the IDD group used medications; the medications most frequently
used were antihypothyroidism and antipsychotic drugs (Table 1).
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Table 1. Characteristics of individuals with intellectual and developmental disabilities (IDD).

Subject Sex Etiology Age ID Level Medications

1 F DS 37 Mild-moderate Antihypothyroidism

2 F DS 34 Mild None

3 F DS 31 Moderate Muscle relaxants, steroids

4 F DS 31 Moderate Antipsychotic, muscle relaxants, steroids

5 M DS 32 Moderate Antihypothyroidism, antipsychotic

5 M DS 36 Mild Antihypothyroidism, antihypertention

7 F DS 33 Mild-moderate Muscle relaxants, antihypertention

8 F DS 37 Mild-moderate Antihypothyroidism, antihypertention

9 F DS 34 Mild-moderate Antihypothyroidism

10 M UID 49 Mild Antipsychotic, muscle relaxants

11 M 40 UID Mild None

12 M 52 UID Mild-moderate Antihyperthyroidism

13 M UID 38 Mild-moderate None

14 F UID 26 Mild-moderate Antipsychotic

15 M UID 40 Mild Antidepressant

16 M UID 27 Mild Antidepressant

17 F UID 50 Moderate Antihypertention

18 F UID 29 Mild Antiepileptic, antihypertension
Antihypothyroidism, muscle relaxants

DS = Down syndrome, UID = unspecified intellectual disability, M = male, F = female.

5.2. Facial Expressions (FACS)

Figure 2A presents the FACS scores in response to pressure stimulation for the IDD
and HC groups. Repeated measures ANOVA revealed a significant global effect of group
type (F(1,34) = 8.76, p < 0.01) and of condition (F(3,102) = 15.23, p < 0.0001) on the FACS
scores. Post hoc tests revealed that the FACS scores of the IDD group were significantly
higher than those of the HC group over all the conditions (baseline: t = −4.15, p < 0.0001;
50 kPa: t = −8.18, p < 0.01; 200 kPa: t = −3.0, p < 0.01; 400 kPa: t = −2.15, p < 0.05). Within
the IDD group, the FACS scores of individuals with DS were similar to those with UID,
except for 200 kPa, in which the scores of the formers were higher (t = 2.46, p < 0.05).

The interaction between group and condition was not significant (F(3,102) = 1.51,
p = 0.29), suggesting that the rate of increase in the FACS scores with the increase in
stimulation intensity was similar across groups. For both the IDD and HC groups, the
overall FACS score of 200 kPa was higher than that of 50 kPa (t = −3.1, p < 0.01 and t = −3.2,
p < 0.01, respectively), and that of 400 kPa was higher than that of 200 kPa (t = −2.4, p < 0.05
and t = −2.2, p < 0.05, respectively). However, this increase in FACS scores was steeper
in the IDD group, as indicated by the slopes of the regression line for each group (5.41 vs.
2.82, respectively).

With regard to the individual AUs of the FACS, those that appeared during noxious
stimulation, among more than half of the participants within each group, were as follows:
for 200 kPa AU7 (11 participants, 61.1%) and AU25 (9, 50%) characterized the IDD group,
whereas AU45 (17, 81%) characterized the HC group. For 400 kPa, AU6 (9, 50%), AU7
(11, 61.1%), AU10 (9, 50%), AU25 (10, 55.5%), and AU43 (9, 50%) characterized the IDD
group, whereas AU45 (18, 85.7%) characterized the HC group. Table 2 presents the mean
frequency of each AU for the innocuous (50 kPa) and noxious stimuli (200 and 400 kPa)
among the IDD and HC groups. The table shows that the mean score of several AUs
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differed between the innocuous and noxious stimulation among the IDD group: AU6, 7, 9,
10, 12, 25, and 43, whereas fewer of them differed between the two noxious stimuli: AU6, 7,
12, and 25 (it significantly increased in the frequency of appearance from 200 to 400 kPa).
In contrast, among the HC group, AU41 and AU45 differed regarding the innocuous and
noxious stimulation, whereas many more AUs differed regarding the two noxious stimuli
(AUs 4, 7, 10, 12, 20, 41, and 43). Table 2 also shows that the IDD group, in contrast with
the HC group, exhibited an increased frequency of appearance of most AUs, within each
stimulation intensity, but with a reduced frequency of appearance of AU45.

Figure 2. (A) The Facial Action Coding System (FACS) scores of individuals with IDD were significantly higher than those
of HC regarding all three stimulation intensities (1 = * p < 0.05; ** p < 0.01), and among both groups the FACS scores
increased gradually and significantly from 50 kPa to 200 kPa and from 200 kPa to 400 kPa (2 = * p < 0.05; ** p < 0.01) (the
values denote the group mean ± SEM). (B) Clustering for 400 kPa revealed a significant group effect (** p < 0.01) in the
representation within the two clusters (the values denote the number of participants).

Cluster analysis for 400 kPa revealed two clusters (ratio = 2.25, average silhouette =
0.6, suggesting good quality). Cluster 1 was characterized by lower AU frequency values,
compared with cluster 2. AUs 6, 7, 10, 12, and 25 had the highest predictor importance in
the clustering. Figure 2B shows the cluster number crosstabulation. MANOVA revealed
a significant effect (F(14) = 3.46, p < 0.01), suggesting that the groups were significantly
different. Most of the participants in the HC group (81%) were classified as cluster 1,
whereas the participants in the IDD group were divided between the two clusters: 44.4%
and 50% classified as cluster 1 and 2, respectively (one subject was not classified due
to missing values). Participants with IDD in cluster 1 did not differ from those with
IDD in cluster 2, in age (t = −0.04, p = 0.96), sex distribution (Z = 0.0001, p = 1), or IDD
diagnosis (Z = -0.45, p = 0.73), and in none of the self-report and autonomic variables that
are described below. The contribution of each AU to the variability between the clusters
and the significance of this contribution is ranked by the Partial Eta2 that appears in Table 2
(rightward column). AU 45 explained about 35% of the variability between the clusters
and AUs 6, 7, and 25 explained about 10, 13, and 10%, respectively, of the variability.
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Table 2. Mean frequency scores (SD) of each FACS action unit during innocuous and noxious stimulation.

50 kPa 200 kPa 400 kPa
IDD HC IDD HC IDD HC Partial Eta2

Brow lowerer
(AU4) 0.83 (1.5) * 0.0 (0) 1.11 (1.7) 0.57 (1.3)# 1.29 (1.9) 1.14 (1.9) 0.002

Cheek raiser (AU6) 0.61 (1.4) # * 0.0 (0) 1.56 (2.2) # ** 0.05 (0.2) 2.06 (2.3) 0.86 (1.5) 0.096 *

Lid tightened
(AU7) 0.89 (1.7) # * 0.0 (0) 2.11 (2.2) # ** 0.43 (1.0) # 2.88 (2.4) * 1.24 (2.0) 0.131 *

Nose wrinkle
(AU9) 0.28 (0.9) # 0.0 (0) 1.22 (2.1) * 0.0 (0) 1.24 (2.0) 0.52 (1.4) 0.046

Upper lip raiser
(AU10) 0.39 (1.2) # 0.0 (0) 1.33 (2.0) ** 0.05(0.2) # 1.88 (2.2) 0.90 (1.8) 0.062

Lip corner puller
(AU12) 0.44 (1.3) # 0.0 (0) 1.50 (2.1) # ** 0.0(0) # 2.12 (2.4) 1.14 (2.1) 0.049

Lip stretcher
(AU20) 0.44 (1.3) 0.0 (0) 1.00 (1.5) ** 0.05 (0.2) # 0.94 (1.6) 1.14 (1.9) 0.0030

Lip pressor (AU24) 0.44 (1.4) 0.05 (0.2) 0.56 (1.3) 0.10 (0.3) 0.59 (1.3) 0.71 (1.6) 0.002

Lips part (AU25) 1.00 (1.5) # * 0.0 (0) 1.44 (1.8) # ** 0.0 (0) 1.88 (1.9) * 0.71 (1.9) 0.095 *

Jaw dropper
(AU26) 0.72 (1.0 ** 0.0 (0) 0.89 (1.4) ** 0.0 (0) 1.35 (1.9) 0.57 (1.5) 0.053

Mouth stretch
(AU27) 0.29 (0.6) * 0.0 (0) 0.72 (1.5) * 0.0 (0) 0.94 (1.7) 0.29 (1.1) 0.0540

Eyelid drop
(AU41) 0.72 (1.2) * 0.05 (0.2) # 0.89 (1.4) 1.05 (1.8) # 1.06 (1.8) 1.86 (2.3) 0.037

Eyes closed
(AU43) 0.33 (1.2) # 0.05 (0.2) 1.39 (2.1) 0.38 (1.1) # 1.82 (2.1) 1.52 (2.2) 0.005

Blink (AU45) 1.22 (1.3) 1.00 (0.9) # 1.00 (1.6) 1.95 (1.6) 0.35 (0.8) *** 2.43 (1.8) 0.346 ***

IDD = intellectual and developmental disability, HC = cognitively intact healthy controls, FACS = facial action coding system, AU = action
unit. # denotes significant within-group differences between 50 and 200 kPa (in the 50 kPa column) and between 200 and 400 kPa (in the
200 kPa column) (# p < 0.05, 2-tailed t-test). Asterisks in the IDD columns denote significant between-group differences for each stimulation
intensity (* p < 0.05, ** p < 0.01, *** p < 0.001, 2-tailed t-test). Asterisks in the Eta2 column denote the significance of the contribution to the
clustering for the 400 kPa stimulus (* p < 0.05, *** p < 0.0001).

5.3. Body Freezing

Generalized Estimating Equations revealed a significant global effect of group type
(χ2(1) = 7.31, p < 0.05) and of condition (χ2(3) = 2.60, p < 0.001) on the frequency of
body freezing; however, the interaction group X condition did not reach significance
(χ2(3) = 1.27, p = 0.06). Figure 3 presents the frequency (in %) of freezing in response to
pressure stimulation among each group.

Post-hoc tests revealed that the frequency of freezing was significantly higher among
the IDD than HC group only at 400 kPa intensity (Mann–Whitney U-test: Z = −2.65,
p < 0.05). Among the IDD group, the frequency of freezing significantly increased from
baseline to 50 kPa (Wilcoxon signed ranks: Z = −2.23, p < 0.05), remained the same for
200 kPa, and then significantly increased from 200 to 400 kPa (Z = −2.45, p < 0.05). Among
the HC group, there were no significant increases in the frequency of freezing between the
conditions.

Within the IDD group, the frequency of freezing among individuals with DS was
similar to those with UID.
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Figure 3. The frequency of freezing among individuals with IDD was significantly higher than that
of HC in the most painful stimulus (1 = * p < 0.05), and only among individuals with IDD did the
frequency of freezing increase significantly from baseline to 50 kPa and from 200 kPa to 400 kPa
(2 = * p < 0.05) (the values denote the percentages).

5.4. Self-Ratings

Figure 4A presents the median pyramid scores following pressure stimulation in the
IDD and HC groups. Generalized Estimating Equations revealed a significant global effect
of group type (χ2(1) = 158.71, p < 0.001) and of condition (χ2(2) = 957.39, p < 0.001). The
interaction group X condition was significant (χ2(1) = 6.84, p < 0.01). Figure 4A shows
that only IDD participants considered the 50 kPa stimulus as painful (Wilcoxon signed
ranks: Z = −2.3, p < 0.05 compared to baseline; Mann–Whitney U-test: Z = −2.5, p < 0.05
compared to HC). The pyramid scores for 200 and 400 kPa were not significantly different
between the IDD and HC groups. Among both the IDD and HC groups, the pyramid scores
increased gradually and significantly with the increase in stimulation intensity from 50 kPa
to 200 kPa (Z = −1.9, p < 0.05 and Z = −3.16, p < 0.01, respectively) and from 200 kPa to
400 kPa (Z = −2.2, p < 0.05 and Z = −3.26, p < 0.01, respectively); the increase was steeper
in the HC group, as indicated by the slopes (0.79 vs. 1.04, respectively).

Figure 4B presents the average NRS scores following pressure stimulation in the IDD
and HC groups. Repeated measures ANOVA revealed no group effect (F(1,32) = 0.29,
p = 0.59), but there was a significant effect of condition (F(3,96) = 37.29, p < 0.0001) and a
significant interaction between group and condition (F(3,96) = 3.52, p < 0.05). Post hoc tests
show that the NRS scores of the HC group gradually increased as stimulation intensity
increased: from 50 kPa to 200 kPa (t-test: t = −6.9, p < 0.0001) and from 200 kPa to 400 kPa
(t = −6.8, p < 0.0001), whereas the scores of the IDD group did not significantly change
from 50 kPa to 200 kPa (t = −1.6, p = 0.12) or from 200 kPa to 400 kPa (t = −1.8, p = 0.08).
As with the pyramid scores, the increase was steeper in the HC group, as indicated by the
slopes (1.04 vs. 1.62, respectively).

Within the IDD group, both the pyramid and NRS scores of individuals with DS were
similar to those with UID.
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Figure 4. (A) The pyramid score for the innocuous 50 kPa stimulus was higher among the IDD group than the HC because
the HC group did not rate it as painful (1 = * p < 0.05). Among both groups, the pyramid scores increased gradually and
significantly from 50 kPa to 200 kPa and from 200 kPa to 400 kPa (2 = * p < 0.05; ** p < 0.01). (B) The numerical rating
scale (NRS) scores increased gradually with the increase in stimulation intensity only among the HC group, from 50 kPa to
200 kPa and from 200 kPa to 400 kPa (2 = ** p < 0.01; *** p < 0.001). The values denote the group mean ± SEM.

5.5. Autonomic Variables

Figure 5A–D present the average autonomic scores in response to pressure stimulation
in the IDD and HC groups.

Repeated measures ANOVA revealed lack of group effect on any of the autonomic
variables; however, a significant effect of condition was found on GSR (F(3,78) = 5.44,
p < 0.01). The interaction group × condition was significant for HRV (F(3,78) = 2.861,
p < 0.05) and PPGA (F(3,78) = 4.255, p < 0.01). Post-hoc tests revealed trends that did not
reach significance; HR remained stable across stimulation conditions among both groups
(Figure 5A), HRV slightly increased during noxious stimulation only among the HC group
but remained stable among the IDD group (Figure 5B), PPGA slightly increased during
noxious stimulation only among the IDD group but remained stable in the HC group
(Figure 5C), and GSR slightly increased only among the HC group (Figure 5D).

Within the IDD group, the autonomic variables of individuals with DS were not
different from those with UID.
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Figure 5. (A) The heart rate was not affected by group or stimulation intensity. (B) The heart rate variability of individuals
with IDD was lower than that of the HC group in the noxious range (1 = * p < 0.05, ˆ p = 0.06) and it increased during
stimulation compared to baseline (2 = * p < 0.05). (C) The photoplethysmograph wave amplitude was not affected by group
or stimulation intensity. (D) The galvanic skin response among the IDD group increased during stimulation relative to
baseline, and among both groups it increased from 200 to 400 kPa (2 = * p < 0.05). The values denote the group mean ± SEM.

5.6. Correlations between Variables

Table 3 presents the correlations between the study variables. Among both the IDD
and HC groups, the stimulation intensity correlated significantly only with the FACS scores
and self-reports, but with none of the autonomic variables. Furthermore, the FACS scores
significantly correlated with self-reports among both groups; therefore, participants who
received higher FACS scores also reported higher pain intensity. Among the IDD group
only, the FACS scores correlated with GSR; therefore, the higher the FACS scores, the higher
the GSR and pyramid scores correlated inversely with HR and PPGA, and the higher the
pyramid scores, the lower the HR and PPGA.

Table 3. Correlation coefficients between the study variables.

FACS Pyramid
Scale NRS HR HRV PPGA GSR

Simulation intensity ID 0.41 ** 0.57 *** 0.38 ** −0.05 −0.24 0.11 0.23

HC 0.41 ** 0.89 *** 0.82 *** −0.85 0.13 −0.76 0.19

FACS
ID 0.37 ** 0.06 0.26 0.05 0.14 0.31 *

HC 0.44 ** 0.49 *** −0.09 0.05 −0.09 −0.05

Pyramid scale ID 0.68 *** −0.31 * −0.15 −0.37 ** −0.04

HC 0.94 *** −0.13 0.05 −0.04 0.21

NRS
ID −0.18 0.02 −0.16 −0.05

HC −0.02 −0.01 0.07 0.16

HR
ID −0.27 * 0.07 0.33 *

HC −0.35 ** 0.34 ** 0.27 *

HRV
ID −0.18 −0.17

HC −0.37 ** −0.05

PPGA
ID 0.39 **

HC −0.02

Coefficients are of Pearson’s or Spearman’s tests: * p < 0.05, ** p < 0.01, *** p < 0.01; ID = intellectual disability, HC = healthy controls, FACS
= facial action coding system, NRS = numerical rating scale, HR = heart rate, HRV = heart rate variability, PPGA = photoplethysmograph
wave amplitude, GSR = galvanic skin response.
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6. Discussion

The aim was to determine whether, and which behavioral and autonomic indices can
differentiate between painful and non-painful conditions and can quantify pain magnitude
among individuals with IDD. Facial expressions and pyramid scores fulfilled these two
requirements among both the IDD and HC groups. Moreover, compared with the HC group,
the facial expressions of the IDD group were enhanced across all stimulation intensities
and HRV was slightly lower, suggesting a heightened overall pain responsiveness.

6.1. Indices That Differentiate between Painful and Non-Painful States

In the present study, the facial expressions and self-reports could differentiate between
the non-painful stimulation of 50 kPa and those of 200 and 400 kPa among both groups.
Among the IDD group, only the self-reports on the pyramid scale could differentiate
between the stimuli whereas, among the HC group, both the pyramid and the NRS scores
could. There are only a few studies in which the calibrated experimental stimuli were
presented to individuals with IDD, and not all of them included painful stimuli.

In two studies, Symons et al. administered innocuous light touch, deep pressure, cool
and warm stimuli (5 s each), and pin pricks (1 s) to individuals with moderate-profound
IDD. Neither the FACS scores [28] nor the bodily responses that were scored with the Pain
and Discomfort Scale [29] could discriminate between the stimuli. However, the pin prick
test was considered mildly painful and was of short duration; perhaps it was insufficiently
strong to induce a pronounced response. Barney et al. (2015) administered two mechanical
stimuli: light cotton stroking and repeated application of a Von Frey monofilament (tem-
poral summation of pain) to children with IDD [24]. Facial and body gestures analyzed
with Batten’s Observational Pain Scale could not differentiate between the two stimuli;
however, the minimal responses of the children’s siblings to these two stimuli may suggest
that they both were quite mild. Interestingly, repeated Von Frey stimulation did induce a
greater increase than did cotton stroking in children’s facial temperature measured with
infrared thermography (IRT). Since the autonomic variables measured in the present study
failed to differentiate between the painful and non-painful stimuli, the potential use of
the IRT would be interesting to explore. More recently, Barney et al. (2020) administered
six experimental stimuli: deep pressure, repeated mechanical, light touch, pin prick, cold,
and heat to children with cerebral palsy and observed varied levels of facial and bodily
responses both among and between the children [31]. However, the authors were unable
to determine with certainty whether any of the children had experienced pain.

The inclusion of a control group of cognitively intact subjects in the present study
allowed us to determine that the 200 and 400 kPa stimuli were indeed painful and dif-
fered significantly in intensity from the innocuous 50 kPa stimulus. The present results
corroborate a previous study from our laboratory in which the FACS and pyramid scores
of individuals with cerebral palsy and IDD increased significantly from the innocuous to
the noxious pressure [33]. Note that, although the NRS’s and the pyramid scale’s ratings
correlated with one another and with the stimulation intensity among both groups, the
use of NRS among the individuals with IDD was generally ineffective; their ratings in-
creased but not sufficiently enough to differentiate the noxious from the innocuous stimuli.
Accordingly, their facial expressions did not correlate with their NRS scores, only with
their pyramid scores. Thus, we concluded that the FACS and the pyramid ratings are valid
indicators for identifying a painful condition among individuals with mild-moderate IDD
due to Down syndrome or an unspecified origin, as herein, and due to cerebral palsy, as in
our previous publication.

Specifically, seven AUs could differentiate between the innocuous and noxious stimuli
among the IDD group: cheek raiser (AU6), lid tightened (AU7), nose wrinkle (AU9), upper
lip raiser (AU10), lip puller (AU12), lips part (AU25), and eyes closed (AU43), which,
combined, suggest an elevation of the cheek area along with mouth opening. AUs 4, 6, 7,
and 25 were also reported by Symons et al. (2010) as the most prominent ones following
the experimental stimuli [28], and AUs 9,10, and 12 were reported to frequently occur
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during painful clinical situations e.g., immunization and dental treatment, e.g., [19,20,25,40].
Interestingly, AUs 6, 7, 9, 10, and 25 also comprised the “face of pain” of elderly people
with dementia [41]. These data combined may suggest that the seven aforementioned
AUs may be sufficient to identify pain among non-verbal individuals with IDD. Notably,
altogether, the HC group responded differently during the transition from innocuous to
noxious stimulation and exhibited a significant increase only in eyelid drop (AU41) and
blink (AU45), suggesting that facial expressions among individuals with mild-moderate
IDD are unique in this respect.

It should be pointed out that, despite the inability of the HR, HRV, PPG, and GSR to
discriminate between noxious and innocuous stimuli in either group, we cannot rule out
the possibility that the noxious stimuli may have been insufficiently extended or strong
in order to produce the expected effect. Previous studies measured changes in heart
rate, electro-dermal activity, oxygen saturation, and salivary amylase among children and
adults with IDD during painful clinical conditions including invasive venipuncture and
bronchial tube exchange, and post-operatively, e.g., [25–27,42]. However, others reported
a lack of or negligible changes in, for example, the heart rate in these conditions [18,42].
Such conditions are obviously more vigorous than the present noxious mechanical stimuli.
Nevertheless, the changes in autonomic function in the aforementioned studies did not
necessarily correlate with the proxy impression of the subjects’ pain or with the observed
behavior, suggesting that it may reflect aspects other than pain per se. Thus, although
autonomic variables may be affected by acute clinical pain conditions and are easy to
monitor; their use as pain indicators requires further investigation with stronger experi-
mental stimuli than those used here, and perhaps with additional stimulation modalities.
A new approach to analyze the electrodermal activity may hold promise pending further
examination [43].

6.2. Indices That Can Differentiate between the Intensities of Noxious Stimuli

Another aim of the present study was to investigate which indices can differentiate
between the two noxious stimuli and quantify their magnitude among individuals with
IDD. Both the FACS and pyramid scores correlated with the stimulation intensity and
significantly increased from 200 to 400 kPa, suggesting that they can encode not only the
presence of pain, but also the intensity of mild vs. moderate pain. These findings, which
corroborate our previous study among individuals with cerebral palsy [33], are clinically
important because the degree of facial expressions (and the pyramid scores for those who
can provide them) can be used to detect changes in pain intensity while following up the
worsening of pathological conditions or, alternatively, pain management programs. This
is particularly important, given that the subjective indicators used in the present study,
namely, the autonomic variables, did not correlate with the stimulation intensity, with one
exception. GSR exhibited a significant increase from 200 to 400 kPa among both groups.
Thus, monitoring GSR in addition to FACS (and self-ratings when possible) may increase
the accuracy of pain intensity evaluation.

Here again, almost no overlap occurred between the groups regarding the specific
AUs that could differentiate between the noxious stimuli. Among the IDD group, four AUs
were identified: cheek raiser (AU6), lid tightened (AU7), lip corner puller (AU12), and lips
part (AU25), which increased in their magnitude of appearance. The partial Eta2 values
indeed corresponded with AU6, AU7, and AU25 as being the major contributors to the
facial expression of moderate pain among the IDD group. Lid tightened and lip puller were
the only AUs that overlapped with the HC group, who exhibited, in addition, increases in
brow lowerer, lip raiser, lip stretcher, eyelid drop, and eyes closed; namely, the HC group
presented more diverse facial actions than the IDD group. We could not find additional
studies in which various intensities of calibrated noxious stimuli were administered to
individuals with IDD.

Interestingly, although the frequency of body freezing could not differentiate between
noxious and innocuous stimuli, it could differentiate between the two noxious stimuli;
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it characterized the majority of the IDD group at 400 kPa. Body freezing or stillness has
been observed among individuals with IDD, both following clinical painful insults [22,44]
and experimental stimuli [28,29,33], and it can dominate despite the pronounced facial
expressions. This dissonance may mislead care givers because individuals subjected to
freezing may appear indifferent to pain, but in essence, they are significantly affected by
it, as the FACS and self-ratings here showed. Thus, body freezing as a possible atypical
index of acute pain can be incorporated during pain assessment, but because it is coded
in a binary fashion, it cannot be a stand-alone indicator of pain intensity, rather, only a
confirmation indicator.

6.3. Comparisons between Individuals with IDD and HC

Three indices were found to differentiate between the IDD and HC groups: the FACS
scores of the IDD group were increased, the body freezing was more frequent, and the
HRV was lower in the IDD group. Considering that reduction in HRV is typical of stress-
ful/painful conditions [45,46], the three findings suggest that individuals with IDD due to
Down syndrome or to a condition of unspecified origin present enhanced behavioral and
physiological responses to noxious stimuli. This conclusion is supported by the increased
behavioral [33] and pain-related brain potentials [34] found following calibrated noxious
stimuli among individuals with IDD due to cerebral palsy. One exception was that the IDD
group also exhibited an increased pulse rate and GSR compared with controls, both at base-
line and during stimulation, whereas the participants here had a reduced HRV, compared
with controls during stimulation only. These variations in the autonomic responsivity
among the aforementioned IDD groups may stem from the IDD etiology; nevertheless,
they suggest an overall increased reactivity in IDD. Enhanced behavioral responses to
mildly painful calibrated mechanical stimuli were also reported among children with IDD,
compared with their siblings [24] and compared with control children [30].

The increased pain responsivity of individuals with IDD corresponds to a lower
pain threshold measured among individuals with Down syndrome, cerebral palsy, or
unspecified IDD [35,36,47,48]; although, see [49]. Thus, the enhanced pain behavior in
IDD may result from increased sensitivity to noxious stimuli. Alternatively, but this does
not conflicting with the aforementioned, there is the possibility that the increased pain
reactivity results from reduced modulatory control. Recent imaging studies revealed an
increased activation of the somatosensory cortex of children with IDD, compared with
control children during venipuncture [50] as well as a reduced activation of the prefrontal
cortex among individuals with Down syndrome compared with controls [51,52], in addition
to decreased volume in the brain stem, among other structures [53]. Considering that the
frontal cortex and the brain stem are highly involved in pain modulation [54,55], individuals
with IDD may lack sufficient control over nociceptive input and its interpretation, rendering
them more sensitive and reactive to noxious stimuli.

The cluster analysis performed for the facial action units recorded during 400 kPa
stimulus (the higher noxious stimulus) revealed, however, that pain behavior within the
IDD group was not uniform. Specifically, about half of the participants responded similarly
to the HC group (cluster 1) and the other half responded more vigorously (cluster 2). Except
for somewhat higher pyramid scores among participants in cluster 2, the two IDD clusters
were similar in the remaining tested variables. Despite the within-group variability, the
objective and semi-objective indices suggest that individuals with IDD are more responsive
to pain than are the cognitively intact individuals; therefore, any suspected pain condition
or any complaint should be carefully monitored and evaluated.

An interesting discrepancy was observed between the semi-objective and the subjec-
tive pain indicators within the IDD group; the increase in the FACS scores (and in freezing)
with stimulation intensity was steeper than that of controls. However, the increase in
self-reports was milder than in the controls. This discrepancy may mean that, although self-
reports are obtainable from individuals with mild-moderate IDD, they may underestimate
the pain experienced by these individuals. Individuals with IDD may not perceive the sub-
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tleties of the self-report scales to the extent that they can adequately quantify the changes in
their perceived pain. The stimulus-response relationship for the pyramid scores, but not for
the NRS scores, emphasizes the advantage of graphical scales, which may be more intuitive
to use. The pyramids symbolize pain intensity by their height and their gradual increase,
which enable a person to grasp the concept of magnitude in a more intuitive manner. Cube
and box scales have also enabled proper self-reports from individuals with IDD [56,57];
however, controversies exist with regard to the use of face scales and colored visual analog
scales [19,22,25,48,57–60]. Thus, although self-reporting using graphical scales is definitely
a valid means among individuals with IDD who can communicate their experiences, un-
derestimation should be considered and their combination with observational measures is
preferable [61,62].

6.4. Limitations

There are several limitations to consider. First, the results apply to individuals with
mild-moderate IDD. Thus, the ability of the identified AUs or other pain indices to detect
and quantify pain should also be validated among individuals with more severe IDD.
Second, several AUs may also indicate distress; therefore, the recorded FACS responses
among the individuals with IDD in particular may reflect a combination of pain and
distress. Third, the mild and moderate stimulation intensities noted here may not mimic
painful clinical conditions; however, they were chosen both for validation and because of
ethical considerations.

6.5. Conclusions and Impact

To the best of our knowledge, this is the first study in which pain responses to
calibrated noxious stimuli are recorded among adults with Down syndrome or unspecified
IDD, compared to cognitively intact peers. The results suggest the following conclusions: (1)
Individuals with IDD may perceive noxious stimuli as more painful than normal. (2) FACS
scores and self-reports using the pyramid scores can consistently differentiate between
non-painful and painful conditions, and between mild and moderate pain. The previously
established high inter-rater reliability and agreement of the FACS [22,33] and the validity
and sensitivity of the FACS and the pyramid scale, found herein and in our previous
study [33], suggest that the psychometric properties of these tools among individual with
IDD due to CP, Down syndrome, and unspecified origins are good. (3) Increased facial
reactions can co-exist with body freezing among individuals with IDD.

Taken together, the increased (and at times atypical) pain responses among individuals
with IDD, along with the health hazards that they may be exposed to, put them at risk
of experiencing intense pain throughout their lifetime. The increased and greater pain
responses of individuals with IDD necessitate meticulous monitoring of any possible sign
of distress/pain and the administration of pain alleviation medication accordingly. Care
givers face great challenges in their attempt to provide appropriate care for individuals
with IDD, and often rely on pain behavior [63]. Although experimental pain may not
necessarily mimic acute and chronic pain responses in clinical settings, the present results
are encouraging in that they provide evidence that self-reports using appropriate means
is plausible and valid, and that a combination of specific facial expressions may help
detect and quantify pain among those who cannot self-report. Because each pain measure
contributes unique information about an individual, the combined use of both measures is
beneficial and recommended.

Author Contributions: Conceptualization, R.D. and C.G.P.; methodology, R.D.; software, R.D. and
T.B.; data acquisition, T.B.; analysis, R.D. and T.B.; resources, R.D. and C.G.P.; data curation, R.D. and
T.B.; writing—original draft preparation, R.D.; writing—review and editing, R.D., T.B., and C.G.P.;
visualization, R.D. and T.B.; supervision, R.D. and C.G.P.; funding acquisition, R.D. and C.G.P. All
authors have read and agreed to the published version of the manuscript.



Brain Sci. 2021, 11, 253 17 of 19

Funding: This research was funded by the Shalem Fund for Development of Services for People with
Intellectual Disabilities in the Local Councils, grant number 00094; the Ari and Regine Aprijaskis
Fund, grant number 347300-00; and the Dr. Miriam and Sheldon G. Adelson Center for the Biology
of Addictive Diseases, grant number 601133461.

Data Availability Statement: Restrictions apply to the availability of these data. Data was obtained
after permission from the legal guardians and are available from the authors with the permission of
the institutional review board.

Acknowledgments: The authors wish to thank the workers and residents of Elwin. This work was
supported by a grant from the Shalem Fund for Development of Services for People with Intellectual
Disabilities in the Local Councils. The research was also supported in part by the Ari and Regine
Aprijaskis Fund, and the Miriam and Sheldon G. Adelson Center for the Biology of Addictive
Diseases.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Oberlander, T.F.; Symons, F. The Problem of Pain in Developmental Disability. In Pain in Developmental Disabilities; Oberlander,

T.F., Symons, F.J., Eds.; Paul H. Brookes Publishing Co. Inc.: Baltimore, MD, USA, 2006.
2. Henderson, A.; Lynch, S.A.; Wilkinson, S.; Hunter, M. Adults with Down’s syndrome: The prevalence of complications and

health care in the community. Br. J. Gen. Pract. 2007, 57, 50–55. [PubMed]
3. Abanto, J.; Ciamponi, A.L.; Francischini, E.; Murakami, C.; de Rezende, N.P.M.; Gallottini, M. Medical problems and oral care of

patients with Down syndrome: A literature review. Spec. Care Dentist. 2011, 31, 197–203. [CrossRef] [PubMed]
4. Turk, V.; Khattran, S.; Kerry, S.; Corney, R.; Painter, K. Reporting of health problems and pain by adults with an intellectual

disability and by their carers. J. Appl. Res. Intellect. Disabil. 2012, 25, 155–165. [CrossRef]
5. Kinnear, D.; Morrison, J.; Allan, L.; Henderson, A.; Smiley, E.; Cooper, S.A. Prevalence of physical conditions and multimorbidity

in a cohort of adults with intellectual disabilities with and without Down syndrome: Cross-sectional study. BMJ Open 2018, 8,
e018292. [CrossRef]

6. Finlayson, J.; Morrison, J.; Jackson, A.; Mantry, D.; Cooper, S.A. Injuries, falls and accidents among adults with intellectual
disabilities: Prospective cohort study. J. Intellect. Disabil. Res. 2010, 54, 966–980. [CrossRef] [PubMed]

7. Ho, P.; Bulsara, M.; Downs, J.; Patman, S.; Bulsara, C.; Hill, A.M. Incidence and prevalence of falls in adults with intellectual
disability living in the community: A systematic review. JBI Database System Rev. Implement. Rep. 2019, 17, 390–413. [CrossRef]
[PubMed]

8. McGuire, B.E.; Daly, P.; Smyth, F. Chronic pain in people with an intellectual disability: Under-recognised and under-treated? J.
Intellect Disabil. Res. 2010, 54, 240–245. [CrossRef]

9. Amor-Salamanca, A.; Menchon, J.M. Pain underreporting associated with profound intellectual disability in emergency depart-
ments. J. Intellect. Disabil. Res. 2017, 61, 341–347. [CrossRef] [PubMed]

10. de Knegt, N.C.; Lobbezoo, F.; Schuengel, C.; Evenhuis, H.M.; Scherder, E.J.A. Self-Reported Presence and Experience of Pain in
Adults with Down Syndrome. Pain Med. 2017, 18, 1247–1263. [CrossRef]

11. Oviedo, G.R.; Tamulevicius, N.; Guerra-Balic, M. Physical activity and sedentary time in active and non-active adults with
intellectual disability: A comparative study. Int. J. Environ. Res. Public Health 2019, 16, 1761. [CrossRef] [PubMed]

12. McGuire, B.E.; Daly, P.; Smyth, F. Lifestyle and health behaviours of adults with an intellectual disability. J. Intellect Disabil Res.
2007, 51, 497–510. [CrossRef]

13. Axmon, A.; Sandberg, M.; Ahlström, G.; Midlöv, P. Prescription of potentially inappropriate medications among older people
with intellectual disability: A register study. BMC Pharmacol. Toxicol. 2017, 18, 68. [CrossRef] [PubMed]

14. Segerlantz, M.; Axmon, A.; Gagnemo Persson, R.; Brun, E.; Ahlström, G. Prescription of pain medication among older cancer
patients with and without an intellectual disability: A national register study. BMC Cancer 2019, 19, 1040. [CrossRef]

15. Walsh, M.; Morrison, T.G.; McGuire, B.E. Chronic pain in adults with an intellectual disability: Prevalence, impact, and health
service use based on caregiver report. Pain 2011, 152, 1951–1957. [CrossRef]

16. van der Slot, W.M.A.; Benner, J.L.; Brunton, L.; Engel, J.M.; Gallien, P.; Hilberink, S.R.; Månum, G.; Morgan, P.; Opheim, A.;
Riquelme, I.; et al. Pain in adults with cerebral palsy: A systematic review and meta-analysis of individual participant data. Ann.
Phys. Rehabil. Med. 2020. [CrossRef] [PubMed]

17. Barney, C.C.; Andersen, R.D.; Defrin, R.; Genik, L.M.; McGuire, B.E.; Symons, F.J. Challenges in pain assessment and management
among individuals with intellectual and developmental disabilities. Pain Rep. 2020, 5, e821. [CrossRef] [PubMed]

18. Oberlander, T.F.; Gilbert, C.A.; Chambers, C.T.; O’Donnell, M.E.; Craig, K.D. Biobehavioral responses to acute pain in adolescents
with a significant neurological impairment. Clin. J. Pain 1999, 15, 201–209. [CrossRef] [PubMed]

19. La Chapelle, D.L.; Hadijistavropoulos, R.; Craig, K.D. Pain Measurement in Persons with Intellectual Disability. Clin. J. Pain 1999,
15, 13–23. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/17244425
http://doi.org/10.1111/j.1754-4505.2011.00211.x
http://www.ncbi.nlm.nih.gov/pubmed/22070358
http://doi.org/10.1111/j.1468-3148.2011.00642.x
http://doi.org/10.1136/bmjopen-2017-018292
http://doi.org/10.1111/j.1365-2788.2010.01319.x
http://www.ncbi.nlm.nih.gov/pubmed/21040056
http://doi.org/10.11124/JBISRIR-2017-003798
http://www.ncbi.nlm.nih.gov/pubmed/30870331
http://doi.org/10.1111/j.1365-2788.2010.01254.x
http://doi.org/10.1111/jir.12355
http://www.ncbi.nlm.nih.gov/pubmed/28054733
http://doi.org/10.1093/pm/pnw226
http://doi.org/10.3390/ijerph16101761
http://www.ncbi.nlm.nih.gov/pubmed/31109032
http://doi.org/10.1111/j.1365-2788.2006.00915.x
http://doi.org/10.1186/s40360-017-0174-1
http://www.ncbi.nlm.nih.gov/pubmed/29070067
http://doi.org/10.1186/s12885-019-6290-0
http://doi.org/10.1016/j.pain.2011.02.031
http://doi.org/10.1016/j.rehab.2019.12.011
http://www.ncbi.nlm.nih.gov/pubmed/32061920
http://doi.org/10.1097/PR9.0000000000000822
http://www.ncbi.nlm.nih.gov/pubmed/32656458
http://doi.org/10.1097/00002508-199909000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10524473
http://doi.org/10.1097/00002508-199903000-00004
http://www.ncbi.nlm.nih.gov/pubmed/10206563


Brain Sci. 2021, 11, 253 18 of 19

20. Breau, L.M.; McGrath, P.J.; Craig, K.D.; Santor, D.; Cassidy, K.L.; Reid, G.J. Facial expression of children receiving immunizations:
A principal components analysis of the child facial coding system. Clin. J. Pain 2001, 17, 178–186. [CrossRef]

21. Phan, A.; Edwards, C.L.; Robinson, E.L. The assessment of pain and discomfort in individuals with mental retardation. Res. Dev.
Disabil. 2005, 26, 433–439. [CrossRef]

22. Defrin, R.; Lotan, M.; Pick, C.G. The evaluation of acute pain in individuals with cognitive impairment: A differential effect of the
level of impairment. Pain 2006, 124, 312–320. [CrossRef]

23. Valkenburg, A.J.; Boerlage, A.A.; Ista, E. The COMFORT- behavior scale is useful to assess pain and distress in 0- to 3-year-old
children with Down syndrome. Pain 2011, 152, 2059–2064. [CrossRef] [PubMed]

24. Barney, C.C.; Hoch, J.; Byiers, B.; Dimian, A.; Symons, F.J. A Case-controlled Investigation of Pain Experience and Sensory
Function in Neuronal Ceroid Lipofuscinosis. Clin. J. Pain 2015, 31, 998–1003. [CrossRef]

25. Rattaz, C.; Dubois, A.; Michelon, C.; Viellard, M.; Poinso, F.; Baghdadli, A. How do children with autism spectrum disorders
express pain? A comparison with developmentally delayed and typically developing children. Pain 2013, 154, 2007–2013.
[CrossRef]

26. Aguilar Cordero, M.J.; Mur Villar, N.; GarcíaGarcía, I. Evaluation of pain in healthy newborns and in newborns with develop-
mental problems (down syndrome). Pain Manag. Nurs. 2015, 16, 267–272. [CrossRef] [PubMed]

27. O’Leary, H.M.; Marschik, P.B.; Khwaja, O.S.; Ho, E.; Barnes, K.V.; Clarkson, T.W.; Bruck, N.M.; Kaufmann, W.E. Detecting
autonomic response to pain in Rett syndrome. Dev. Neurorehabil. 2017, 20, 108–114. [CrossRef]

28. Symons, F.J.; Harper, V.; Shinde, S.K. Evaluating a sham-controlled sensory-testing protocol for nonverbal adults with neurode-
velopmental disorders: Self-injury and gender effects. J. Pain 2010, 11, 773–781. [CrossRef]

29. Shinde, S.K.; Danov, S.; Chen, C.C. Convergent validity evidence for the Pain and Discomfort Scale (Pads) for pain assessment
among adults with intellectual disability. Clin. J. Pain 2014, 30, 536–543. [CrossRef]

30. Barney, C.C.; Tervo, R.; Wilcox, G.L.; Symons, F.J. A Case-Controlled Investigation of Tactile Reactivity in Young Children with
and Without Global Developmental Delay. Am. J. Intellect Dev. Disabil. 2017, 122, 409–421. [CrossRef]

31. Barney, C.C.; Merbler, A.M.; Simone, D.A.; Walk, D.; Symons, F.J. Investigating the Feasibility of a Modified Quantitative Sensory
Testing Approach to Profile Sensory Function and Predict Pain Outcomes Following Intrathecal Baclofen Implant Surgery in
Cerebral Palsy. Pain Med. 2020, 21, 109–117. [CrossRef]

32. de Knegt, N.; Defrin, R.; Schuengel, C.; Lobbezoo, F.; Evenhuis, H.; Scherder, E. Quantitative sensory testing of temperature, pain,
and touch in adults with Down syndrome. Res. Dev. Disabil 2015, 47, 306–317. [CrossRef]

33. Benromano, T.; Pick, C.G.; Merick, J.; Defrin, R. Physiological and Behavioral Responses to Calibrated Noxious Stimuli among
Individuals with Cerebral Palsy and Intellectual Disability. Pain Med. 2017, 18, 441–453. [CrossRef]

34. Benromano, T.; Pick, C.G.; Granovsky, Y.; Defrin, R. Increased Evoked Potentials and Behavioral Indices in Response to Pain
among Individuals with Intellectual Disability. Pain Med. 2017, 18, 1715–1730. [CrossRef]

35. Defrin, R.; Pick, C.G.; Peretz, C.; Carmeli, E. A quantitative somatosensory testing of pain threshold in individuals with mental
retardation. Pain 2004, 108, 58–66. [CrossRef] [PubMed]

36. Valkenburg, A.J.; Tibboel, D.; van Dijk, M. Pain sensitivity of children with Down syndrome and their siblings: Quantitative
sensory testing versus parental reports. Dev. Med. Child. Neurol. 2015, 57, 1049–1055. [CrossRef] [PubMed]

37. Ekman, P.; Friesen, W. Investigators Guide to the Facial Action Coding System; Consulting Psychologist Press: Palo Alto, CA, USA,
1978.

38. Prkachin, K.M.; Mercer, S.R. Pain expression in patients with shoulder pathology: Validity, properties and relationship to sickness
impact. Pain 1989, 39, 257–265. [CrossRef]

39. Kunz, M.; Meixner, D.; Lautenbacher, S. Facial muscle movements encoding pain-a systematic review. Pain 2019, 160, 535–549.
[CrossRef]

40. Bergström-Isacsson, M.; Lagerkvist, B.; Holck, U.; Gold, C. How facial expressions in a Rett syndrome population are recognised
and interpreted by those around them as conveying emotions. Res. Dev. Disabil. 2013, 34, 788–794. [CrossRef] [PubMed]

41. Kunz, M.; Scharmann, S.; Hemmeter, U.; Schepelmann, K.; Lautenbacher, S. The facial expression of pain in patients with
dementia. Pain 2007, 133, 221–228. [CrossRef]

42. Yamaguchi, M.; Takeda, K.; Onishi, M.; Deguchi, M.; Higashi, T. Non-verbal communication method based on a biochemical
marker for people with severe motor and intellectual disabilities. J. Int. Med. Res. 2006, 34, 30–41. [CrossRef] [PubMed]

43. Susam, B.T.; Akcakaya, M.; Nezamfar, H.; Diaz, D.; Xu, X.; de Sa, V.R.; Craig, K.D.; Huang, J.S.; Goodwin, M.S. Automated Pain
Assessment using Electrodermal Activity Data and Machine Learning. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2018, 2018,
372–375. [PubMed]

44. Weiner, D.; Peterson, B.; Keefe, F. Chronic pain-associated behaviors in the nursing home: Resident versus caregiver perceptions.
Pain 1999, 80, 577–588. [CrossRef]

45. Rainville, P.; Bao, Q.V.; Chrétien, P. Pain-related emotions modulate experimental pain perception and autonomic responses. Pain
2005, 118, 306–318. [CrossRef]

46. Jeanne, M.; Logier, R.; De Jonckheere, J.; Tavernier, B. Heart rate variability during total intravenous anesthesia: Effects of
nociception and analgesia. Auton. Neurosci. Basic Clin. 2009, 147, 91e96.14. [CrossRef] [PubMed]

47. Riquelme, I.; Montoya, P. Developmental changes in somatosensory processing in cerebral palsy and healthy individuals. Clin.
Neurophysiol. 2010, 121, 1314–1320. [CrossRef]

http://doi.org/10.1097/00002508-200106000-00011
http://doi.org/10.1016/j.ridd.2004.10.001
http://doi.org/10.1016/j.pain.2006.04.031
http://doi.org/10.1016/j.pain.2011.05.001
http://www.ncbi.nlm.nih.gov/pubmed/21640484
http://doi.org/10.1097/AJP.0000000000000192
http://doi.org/10.1016/j.pain.2013.06.011
http://doi.org/10.1016/j.pmn.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25439126
http://doi.org/10.3109/17518423.2015.1087437
http://doi.org/10.1016/j.jpain.2009.11.011
http://doi.org/10.1097/AJP.0000000000000020
http://doi.org/10.1352/1944-7558-122.5.409
http://doi.org/10.1093/pm/pnz114
http://doi.org/10.1016/j.ridd.2015.08.016
http://doi.org/10.1093/pm/pnw349
http://doi.org/10.1093/pm/pnw349
http://doi.org/10.1016/j.pain.2003.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15109508
http://doi.org/10.1111/dmcn.12823
http://www.ncbi.nlm.nih.gov/pubmed/26095920
http://doi.org/10.1016/0304-3959(89)90038-9
http://doi.org/10.1097/j.pain.0000000000001424
http://doi.org/10.1016/j.ridd.2012.10.011
http://www.ncbi.nlm.nih.gov/pubmed/23220055
http://doi.org/10.1016/j.pain.2007.09.007
http://doi.org/10.1177/147323000603400104
http://www.ncbi.nlm.nih.gov/pubmed/16604821
http://www.ncbi.nlm.nih.gov/pubmed/30440413
http://doi.org/10.1016/S0304-3959(98)00249-8
http://doi.org/10.1016/j.pain.2005.08.022
http://doi.org/10.1016/j.autneu.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19201661
http://doi.org/10.1016/j.clinph.2010.03.010


Brain Sci. 2021, 11, 253 19 of 19

48. Riquelme, I.; Cifre, I.; Montoya, P. Are physiotherapists reliable proxies for the recognition of pain in individuals with cerebral
palsy? A cross sectional study. Disabil. Health J. 2015, 8, 264–270. [CrossRef] [PubMed]

49. Priano, L.; Miscio, G.; Grugni, G.; Milano, E.; Baudo, S.; Sellitti, L.; Picconi, R.; Mauro, A. On the origin of sensory impairment
and altered pain perception in Prader-Willi syndrome: A neurophysiological study. Eur. J. Pain 2009, 13, 829–835. [CrossRef]

50. Bembich, S.; Morabito, G.; Simeon, V.; Strajn, T.; Rutigliano, R.; Di Rocco, P.; Cont, G.; Risso, F.M.; Peri, F.; Barbi, E. Venipuncture
activates the cerebral cortex in children with intellectual disability. Arch. Dis. Child. 2020, 106, 167–172. [CrossRef] [PubMed]

51. Vega, J.N.; Hohman, T.J.; Pryweller, J.R.; Dykens, E.M.; Thornton-Wells, T.A. Resting-state functional connectivity in individuals
with Down syndrome and Williams syndrome compared with typically developing controls. Brain Connect. 2015, 5, 461–475.
[CrossRef] [PubMed]

52. Wilson, L.R.; Vatansever, D.; Annus, T.; Williams, G.B.; Hong, Y.T.; Fryer, T.D.; Nestor, P.J.; Holland, A.J.; Zaman, S.H. Differential
effects of Down’s syndrome and Alzheimer’s neuropathology on default mode connectivity. Hum. Brain Mapp. 2019, 40,
4551–4563. [CrossRef] [PubMed]

53. Shiohama, T.; Levman, J.; Baumer, N.; Takahashi, E. Structural Magnetic Resonance Imaging-Based Brain Morphology Study in
Infants and Toddlers with Down Syndrome: The Effect of Comorbidities. Pediatr. Neurol. 2019, 100, 67–73. [CrossRef] [PubMed]

54. Kucyi, A.; Davis, K.D. The Neural Code for Pain: From Single-Cell Electrophysiology to the Dynamic Pain Connectome.
Neuroscientist 2017, 23, 397–414. [CrossRef] [PubMed]

55. Huang, J.; Gadotti, V.M.; Chen, L.; Souza, I.A.; Huang, S.; Wang, D.; Ramakrishnan, C.; Deisseroth, K.; Zhang, Z.; Zamponi, G.W.
A neuronal circuit for activating descending modulation of neuropathic pain. Nat. Neurosci. 2019, 22, 1659–1668. [CrossRef]

56. Bromley, J.; Emerson, E.; Caine, A. The development of a self-report measure to assess the location and intensity of pain in people
with intellectual disabilities. J. Intellect Disabil. Res. 1998, 42, 72–80. [CrossRef]

57. de Knegt, N.C.; Evenhuis, H.M.; Lobbezoo, F.; Schuengel, C.; Scherder, E.J. Does format matter for comprehension of a facial
affective scale and a numeric scale for pain by adults with down syndrome? Res. Dev. Disabil. 2013, 34, 3442–3448. [CrossRef]

58. Wingert, J.R.; Sinclair, R.J.; Dixit, S.; Damiano, D.L.; Burton, H. Somatosensory-evoked cortical activity in spastic diplegic cerebral
palsy. Hum. Brain Mapp. 2010, 31, 1772–1785. [CrossRef] [PubMed]

59. Chibnall, J.T.; Tait, R.C. Pain assessment in cognitively impaired and unimpaired older adults: A comparison of four scales. Pain
2001, 92, 173–186. [CrossRef]

60. Hadden, K.L.; LeFort, S.; O’Brien, M.; Coyte, P.C.; Guerriere, D.N. A comparison of observers’ and selfreport pain ratings for
children with cerebral palsy. J. Dev. Behav. Pediatr. 2015, 36, 14–23. [CrossRef]

61. Hadjistavropoulos, T.; Craig, K.D. A theoretical framework for understanding self-report and observational measures of pain: A
communications model. Behav. Res. Ther. 2002, 40, 551–570. [CrossRef]

62. Breau, L.M.; Burkitt, C. Assessing pain in children with intellectual disabilities. Pain Res. Manag. 2009, 14, 116–120. [CrossRef]
63. Genik, L.M.; McMurtry, C.M.; Breau, L.M. Caring for children with intellectual disabilities part 2: Detailed analyses of factors

involved in respite workers’ reported assessment and care decisions. Res. Dev. Disabil. 2017, 63, 1–10. [CrossRef] [PubMed]

http://doi.org/10.1016/j.dhjo.2014.08.009
http://www.ncbi.nlm.nih.gov/pubmed/25258089
http://doi.org/10.1016/j.ejpain.2008.09.011
http://doi.org/10.1136/archdischild-2019-318695
http://www.ncbi.nlm.nih.gov/pubmed/32769088
http://doi.org/10.1089/brain.2014.0266
http://www.ncbi.nlm.nih.gov/pubmed/25712025
http://doi.org/10.1002/hbm.24720
http://www.ncbi.nlm.nih.gov/pubmed/31350817
http://doi.org/10.1016/j.pediatrneurol.2019.03.015
http://www.ncbi.nlm.nih.gov/pubmed/31036426
http://doi.org/10.1177/1073858416667716
http://www.ncbi.nlm.nih.gov/pubmed/27660241
http://doi.org/10.1038/s41593-019-0481-5
http://doi.org/10.1046/j.1365-2788.1998.00078.x
http://doi.org/10.1016/j.ridd.2013.07.016
http://doi.org/10.1002/hbm.20977
http://www.ncbi.nlm.nih.gov/pubmed/20205249
http://doi.org/10.1016/S0304-3959(00)00485-1
http://doi.org/10.1097/DBP.0000000000000118
http://doi.org/10.1016/S0005-7967(01)00072-9
http://doi.org/10.1155/2009/642352
http://doi.org/10.1016/j.ridd.2017.01.021
http://www.ncbi.nlm.nih.gov/pubmed/28222344

	Introduction 
	Materials and Methods 
	Participants 
	Instruments 
	Pressure Algometer 
	PMD-100 System 
	Facial Action Coding System (FACS) 
	Self-Report Rating Scale 


	Procedures 
	Training and Pressure Stimulation 
	Recording and Analysis of the Facial and Bodily Responses 
	Analyzing the Physiological Signals 

	Data Analysis 
	Results 
	The Study Groups 
	Facial Expressions (FACS) 
	Body Freezing 
	Self-Ratings 
	Autonomic Variables 
	Correlations between Variables 

	Discussion 
	Indices That Differentiate between Painful and Non-Painful States 
	Indices That Can Differentiate between the Intensities of Noxious Stimuli 
	Comparisons between Individuals with IDD and HC 
	Limitations 
	Conclusions and Impact 

	References

