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Abstract

Background. Studies investigating obsessive-compulsive disorder from an ethological approach
have highlighted a specific motor pattern of compulsive rituals with respect to corresponding
ordinary behaviors. Particularly, compulsive motor profile is built through the repetition of acts,
with prevalence of nonfunctional ones and redirection of attention to its basic structural units.
These formal features would characterize ritual behavior throughout evolution, from nonhu-
man animals to human cultures. However, no study to date has investigated a possible
relationship between such motor profile and underlying psychopathology. Therefore, the first
objective of the study was to confirm previous findings on a larger sample size of obsessive
patients; the second objective was to elucidate whether motor profile might be associated with
obsessive-compulsive psychopathology and/or prepsychotic symptoms of schizophrenia.
Methods. Twenty-one obsessive-compulsive outpatients provided a videotape of their rituals.
An equal number of healthy controls, matched for sex and age, were registered for correspond-
ing ordinary acts. Obsessive patients were administered the Yale-Brown Obsessive-Compulsive
Scale, the Brown Assessment of Beliefs Scale, the Hamilton Rating Scale for Depression, and the
Frankfurt Complaint Questionnaire.
Results. The results of the present study confirm that ritual compulsions present a specific
motor structure characterized by repetition of both functional and nonfunctional acts and their
longer duration. Such a motor pattern is independent from obsessive-compulsive psychopa-
thology, whereas it results specifically associated with prepsychotic symptoms of schizophrenia.
Conclusions. We argue that this association may reflect the adaptive significance of ritual
behavior across evolution, that is, its homeostatic function in conditions of unpredictability.

Introduction

Human ritualized behavior is present in different contexts (precautionary behavior, social
behavior, and psychopathology). In psychopathology, rituals of obsessive-compulsive disorder
(OCD) are described as compulsions. According to the current diagnostic systems,1 compulsions
are repetitive behaviors that the individual feels driven to perform in response to an obsession or
according to rules that must be applied rigidly. Even though the patient generally perceives them
as ego-dystonic (i.e., intrusive and unwanted or clearly absurd), insight over compulsions is
actually a continuous phenomenon,2 with “poor-insight” forms ranging from 15% to 36% of
OCD patients.3–5

With regard to the contents, OCD compulsions may be subgrouped into discrete and quite
distinct dimensions, built upon ordinary or physiological acts with a high evolutionary signif-
icance (such as cleansing or washing, checking the environment, or delimiting space).6 Other
symptoms, especially those concerned with ordering and arranging to achieve symmetry, appear
to reflect a need to feel the environment “right.”7

In contrast, few clinical studies have specifically focused on themotor structure of compulsive
rituals; indeed, in psychopathology, there are not specific criteria of what should be labeled as
“ritual” with specific regard to its formal features.8

In this connection, adopting an ethological approach in the study of ritualmotor profile, previous
studies9–11 have remarked in OCD compulsions, compared with corresponding physiological
actions, an inflated repetition of some acts with the addition of superfluous act types, inscribed into
a precise spatiotemporal order. Both the repetition of acts and the intrusion of unnecessary acts
heavily affect the functionality of the motor behavior in terms of task completion.12

In a similar vein, Boyer and Liénard13 have pointed out the complete detachment from the
original pragmatic purpose (“goal-demotion”) and the fragmentation of the action flow into
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parceled motor units (“action-parsing”). The nonpragmatic redun-
dancy of functional and nonfunctional acts implies the loss of the
automatic execution of the action flow with hyperattention to the
formal structure of the behavior.14 In other words, the focus of
attention is redirected to the basic structural units of the motor
pattern, that is, the idiosyncratic “rules” of ritual, such as the
number of repetitions, the details, the particular direction of the
gestures, and so on.9,13

Altogether, ritual behavior, including OCD compulsions,
invariably presents specific motor characteristics: 1) repetitiveness
(recurrent behaviors or utterances); 2) redundancy (superfluous
actions that are nonfunctional for the achievement of a goal); and 3)
rigidity (emphasis on fidelity and invariance).15 Such structural
invariance cuts across different fields (ethology, psychopathology,
and anthropology) where ritual is expressed, strongly suggesting
unique evolutionary proximate and ultimatemechanisms.16,17 Par-
ticularly, such a peculiar motor profile is highly conserved across
vertebrate phylogeny, underpinned by homologous neural struc-
tures (basal ganglia),18,19 and with the adaptive significance to cope
with conditions of potential danger13,20,21 and/or environmental
unpredictability.9,17

Actually, from an evolutionary perspective, Eilam and col-
leagues suggest that the redundancy of nonfunctional acts is a
means to regain a feeling of controllability and predictability over
the environment.22 In both invertebrates and vertebrates, in fact,
the repetition of acts serves to interrupt the automaticity of
motor performance in case of abrupt ecological changes, in order
to align behavioral response to the new environment.23–25 In this
connection, it has been proposed that human rituals (including
OCD) would be performed for reducing a “high-entropy state”
(eg, a complex, uncontrollable or unpredictable situation), with
the aim of regaining a feeling of control and stability.14,15,26 In
other words, at increasing levels of environmental unpredictabil-
ity, rituals work to compensate the mismatch between changing
environment and behavioral response.16,17 In a similar vein,
Szechtman and Woody20 hypothesize an overexpression of a
“security-motivation system” in OCD, evolved to monitor exter-
nal signals of particular kinds of potential danger. Particularly,
OCD rituals would derive from a failure of security-related
activities to deactivate the security motivation system in response
to potential threat.20,21

In the present study, we approached OCD behavior from an
ethological perspective, following the model fruitfully adopted by
Eilam et al.10 and Zor et al.,11,12 on a larger sample size of OCD
patients. Adopting a strictly ethological approach, these authors
deconstructed the complex behavioral sequence of rituals of both
animals and humans (OCD patients, habitual daily tasks, and
cultural rituals) into elementary acts, in order to highlight its
internal structure. Elementary action units were then categorized
into functional/common acts (i.e., necessary for task completion)
and nonfunctional ones (unnecessary or even irrelevant for the
task).11,12,27,28 Using this approach, it was possible to lump together
and assess statistically different kinds of ritual behaviors in
humans11,12 and to investigate their formal features compared with
the corresponding physiological behaviors.27 In this regard, com-
pared with normal performance of the same motor tasks, OCD
rituals were longer in duration, comprised a greater repertoire of
unnecessary acts and significantly more repetitions of both super-
fluous and common acts.27 From such an analytic method of
deconstructing behavior into its elementary units, the authors
suggested that common acts guarantee behavioral rigidity and
pragmatism, whereas idiosyncratic acts confer a certain degree of

flexibility and variability, which are prerequisites for adaptability to
ecological changes.9

The study of ritual compulsions through an ethological anal-
ysis may represent a promising field of investigation since the
suggested continuity in ritual behavior from animals to
humans.9,29,30 Moreover, a behavioral analysis may represent a
proper tool to shed light on the specific formal characteristics of
ritual compulsions, which have been partially disregarded in
favor of the assessment of OCD contents in classical psychopa-
thology. In this connection, no study to date evaluated whether
the motor pattern of OCD compulsive rituals might be associated
with OCD psychopathology (eg, OCD severity, level of insight, or
concurrent depressive symptoms). Nor has a possible relation-
ship been explored between the formal features of OCD rituals
and an underlying schizophrenia vulnerability. This may be an
important issue, in light of the complex (both synchronic and
diachronic) relationship between obsessive-compulsive dimen-
sion and the schizophrenia spectrum31; for example, a recent
study by Rasmussen et al.32 found that almost two-thirds of
clinically diagnosed OCD patients actually fulfil diagnostic cri-
teria of a schizophrenia-spectrum disorder. Moreover, early-onset
OCD often precedes the clinical onset of full-blown psychosis,
significantly increasing risk for schizophrenia.33

In this respect, the concept of prepsychotic subjective distur-
bances is relevant to the demarcation of a possible schizophrenia
vulnerability underneath a more prominent obsessive symptom-
atology. In fact, prepsychotic symptoms (historically referred as to
Basic Symptoms) are subtle, subjectively experienced disturbances
in mental processes, including thinking, speech, attention, percep-
tion, drive, stress tolerance, and affect, and are regarded as the
earliest form of self-experienced symptoms of schizophrenia spec-
trum.34

Therefore, the first objective of the study was to investigate the
specific motor structure of ritual compulsions based on a model of
human ethology, that is, on the basis of observations made by the
experimenter. For that purpose, we videotaped OCD rituals per-
formed by patients in their own home, and compared these rituals
with the behavior of healthy individuals instructed to perform the
corresponding physiological act of ritual behavior. In so doing, the
videotaped rituals and corresponding ordinary behaviors were
deconstructed into their single “action units” (ritual basic compo-
nents).

The second objective was to explore a possible relationship
between the motor pattern of OCD rituals’ psychopathological
variables of OCD (OCD severity and insight; concurrent depressive
symptoms) and prepsychotic symptoms of schizophrenia.

Methods

Participants

OCD patients
All participants were recruited from the Psychiatric Unit of the
University Hospital of Parma from July 2017 to July 2019. Patients
were included in the study if 1) they were aged older than 17 years;
2) they received a diagnosis of OCD, according to DSM-5 criteria1;
and 3) a written informed consent to study participation was
obtained. Patients were excluded if they were affected by 1) a
current mental disorder related to a general medical condition or
to a drug or alcohol abuse or dependence; and 2) a cognitive
disorder (Mini-Mental State Examination score lower than 25),
which could impair the compliance with testing procedures.
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All patients have been provided a complete and exhaustive
description of the study after the exclusion of any condition that
could compromise their understanding of the protocol questions.

Control individuals
A matched healthy individual of similar age and gender was asked
to perform the same task that formed the OCD ritual. For example,
if a patient described his/her ritual as “hand washing,” the respec-
tive control was requested to perform the same ordinary action.

The study was approved by the Local Institutional Ethics Com-
mittee of “Area Vasta Emilia Nord” (Emilia-Romagna region,
approved on October 29, 2018, n. 41109).

Instruments

The Structured Clinical Interview for DSM-5 (SCID-5-CV)35 con-
firmed the diagnosis of OCD.

The severity of OCDwasmeasured with the Yale-BrownObses-
sive-Compulsive Scale (YBOCS).36

The BrownAssessment of Beliefs Scale (BABS)37 was adopted to
assess the level of insight over obsessive themes. The BABS is a
7-item clinician-administered scale designed to assess degree of
insight (“delusionality”) during the past week in a variety of
psychiatric disorders. The BABS assesses degree of insight dimen-
sionally.

The severity of depression was assessed through the 17-item
Hamilton Rating Scale for Depression (Ham-D).38

Prepsychotic symptomswere assessedwith the Italian version of
the Frankfurt Complaint Questionnaire (FCQ).39 FCQ is a self-
report questionnaire, consisting of 98 yes–no questions concerning
the experience of subjective, yet not psychotic symptoms. Ques-
tions are divided in 10 subscales (loss of control, simple perception,
complex perception, language, thought, memory, motility, lack of
automatism, anhedonia–anxiety, and sensory overstimulation).
For the evaluation, each affirmatively answered item is ascribed
to one of the 10 phenomenological subscales; a total score is also
calculated. To avoid an excessively large number of variables, in our
study, only FCQ total score was taken into account, and not the
scores of the 10 subscales.

All assessments (SCID and psychopathological rating scales)
were performed by a trained psychiatrist (R.O.). Clinical assess-
ment was carried out in two sessions: the first for the administra-
tion of SCID and the second for the administration and scoring of
other clinical scales.

Treatment

All patients were treated with serotoninergic medication. Antipsy-
chotic augmentation was added in nonresponders.

Procedure

In the first session, after an accurate description of the research and
the approval to participate, patients were asked to provide a vid-
eotape of their rituals. Videotape could be registered by the patient
himself or by a relative. Patients were requested to display their
recent and more frequent rituals. When asked to rate the degree of
similarity, patients reported a medium or higher degree of close-
ness of the videotaped ritual to their off-camera compulsion.
Consistent with the patients’ high ratings and in line with previous
studies,11,12 we noticed that once patients started to perform their

rituals, performance took over and they paid no further attention to
the observer or the camera but only to performing the ritual itself.

Data acquisition and ethological analysis

A ritual was defined as “the set of movements performed to
accomplish a task as specified by the patient.”12 The ritual included
all the acts displayed within the task. The beginning and end of a
ritual were determined by the patient’s activity.

Motor behavior was scored during playback of the video
records. We listed the acts that comprised each ritual. Scoring of
the videos was done blinded to the OCD status of the subjects.
Behavior was scored using “the Observer” (Noldus Information
Technology, Wageningen, the Netherlands), a software for etho-
logical descriptions.

Functional and nonfunctional acts
Following Zor and colleagues, for each participant (OCD patients
and matched controls), we divided the acts into “functional” (FA),
compulsory for task performance, and “nonfunctional” (NFA),
unnecessary or even irrelevant for that task.12,28 According to such
a definition, we chose to label as FA also some kinds of acts that are
functional in themselves (eg, regarding the action of washing
hands: “rubbing between the fingers” or “rubbing thumb”) but so
specific that they were generally not performed by healthy controls.

For each OCD ritual and matched control performance, the
following parameters were extracted from the video files: ritual
duration (Tot D), incidence of total acts, FA, and NFA (Acts n, FA
n, and NFA n); duration of FA and NFA (FA D and NFA D),
number of repetition of FA and NFA (FA R and NFA R), chain
length of FA and NFA, that is, number of sequences of consecutive
FA and NFA (FA L and NFA L), and incidence of switching
between FA and NFA (From FA to NFA and From NFA to FA).

Statistical analysis

T-test was adopted to compare OCD compulsions and correspond-
ing behaviors of healthy controls. Pearson’s correlations (two-
tailed) were used to investigate the relationship among formal
structure of behavior, OCD severity (YBOCS), insight (BABS),
depressive symptoms (HAM-D), and prepsychotic symptoms
(FCQ).

Results

Participants

Twenty-one OCD outpatients provided a videotape of their com-
pulsions. An equal number of healthy controls, matched for sex and
age, were registered for corresponding physiological acts of OCD
rituals. Sociodemographic and clinical features of the whole sample
are listed in Table 1. Types of OCD compulsions are reported in
Table 2. Table 3 illustrates the single basic motor components
analyzed for each type of compulsion and corresponding control
behavior.

Comparison between compulsive rituals and corresponding
control behaviors

The comparison of the motor pattern between OCD compulsions
and corresponding control behaviors is listed in Table 4. OCD
compulsions differed from corresponding control behavior with
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regard to the repetition and duration of FA; the number, repetition,
duration, and length of NFA; and the number of transitions from
FA to NFA and vice versa (see Figure 2).

Psychopathological variables and formal structure of rituals

The correlations among psychopathological features and motor
structure of rituals in OCD group are reported in Table 5. A
correlation heatmap is depicted in Figure 1. No associations were
found between formal features of compulsions and psychopatho-
logical variables of OCD (BABS and YBOCS). A correlation was

Table 1. Sociodemographic and Clinical Features in Patient and Control
Groups

OCD patients
(N = 21) Controls (N = 21)

n % n %

Gender

Male 12 57.1 13 38.1

Female 9 42.9 8 61.9

Marital status

Not married 13 61.9 10 71.4

Married 8 38.1 11 28.6

Working status

Unemployment 6 28.6 3 14.3

Employment/student 15 71.4 18 85.7

Living status

Alone 7 33.3 9 28.6

With parents/with
partner

14 66.7 12 71.4

Mean � SD

Age 47.95 � 14.53 43.76 � 17.39

Education years 12.90 � 2.77 13.90 � 2.53

Psychopathological variables

YBOCS (total score) 20.90 � 7.47 2.62 � 2.54

HAM-D (total score) 5.52 � 3.70 3.67 � 2.52

BABS (total score) 7.48 � 4.19 1.29 � 1.62

FCQ (total score) 24.60 � 23.66 8 � 5.41

MMSE (total score) 27.33 � 1.68 27.90 � 1.09

Abbreviations: BABS, Brown Assessment of Beliefs Scale; FCQ, Frankfurt Complaint Question-
naire; Ham-D, Hamilton Rating Scale for Depression; OCD, Obsessive-Compulsive Disorder;
YBOCS, Yale-Brown Obsessive-Compulsive Scale.

Table 2. Types of Obsessive-Compulsive Disorder (OCD) Compulsions in the
Study Sample

OCD dimensions No. of rituals Percentage

Cleaning/washing 7 33.3%

Checking 6 28.6%

Ordering/arranging 5 23.8%

Repeating 3 14.3%

Total 21 100%

Table 3. Examples of Motor Acts for Each Type of Obsessive-Compulsive
Disorder (OCD) Compulsions and Corresponding Control Behaviors

OCD patients Controls

FA NFA FA NFA

Cleaning/washing

Action: drinking water

Fill the glass Pour water Fill the glass

Drink Drink

Turn on the tap Turn on the tap

Turn off the tap Turn off the tap

Action: washing hands

Take soap Take the
basin

Take soap

Soak hands Flush the
toilet

Soak hands

Rub palm Walk Rub palm

Rub the back of the
hand

Rub the back of the
hand

Rub wrist

Rub between the
fingers

Rub thumb

Rinse hands Rinse hands

Rub nails

Shake out

Take the towel Take the towel

Dry hands Dry hands

Checking

Action: hanging the coat

Remove arms from
the sleeve

Touch the
collar

Remove arms from
the sleeve

Dust off
the
coat

Grab the collar Check the
pocket

Grab the collar

Get the wrinkles
out

Open the
pocket

Hang the coat Close the
pocket

Hang the coat

Get the coat

Fold the
coat

Touch the
coat

Ordering/arranging

Action: emptying pockets

Open the drawer

Pull out the phone Pull out the
bag

Pull out the phone

Put the phone
down

Open the
bag

Put the phone down

Pull out the wallet Touch the
phone

Pull out the wallet
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found between the severity of depression (HAM-D) and the dura-
tion of ritual behavior (total duration; and number, duration, and
repetition of FA). Finally, a direct association was found between the
severity of prepsychotic symptoms (FCQ) and the overall complexity
of ritual (total number, duration, and repetition of both FA andNFA).

No correlations were found between psychopathological vari-
ables and motor structure of behavior in healthy controls.

Discussion

The first objective of the present study was to replicate the results of
Zor et al.11,12 in order to investigate the formal structure of OCD
rituals compared with corresponding ordinary behavior in a larger
sample size of OCD patients. The second objective was to assess
whether the structure of OCD rituals was associated with specific

Table 3. Continued

OCD patients Controls

FA NFA FA NFA

Put the wallet
down

Put the bag
down

Put the wallet down

Pull the keys out Arrange the
keys

Pull the keys out

Put down the keys
Close the drawer

Turn the
phone

Put down the keys

Dust off the
phone

Turn the
wallet

Dust off the
wallet

Order the
objects

Repeating

Action: religious ritual

Join hands Join hands

Touch forehead Touch forehead

Touch stomach Touch stomach

Touch left shoulder Touch left shoulder

Touch right
shoulder

Touch right
shoulder

Table 4. Comparison Between Obsessive-Compulsive Disorder (OCD) Compul-
sions and Control Behaviors in the Motor Pattern

OCD Patients (N = 21) Control (N = 21)

T PMean � SD Mean � SD

Acts (n) 9.67 � 5.09 6.71 � 4.83 1.98 .061

FA (n) 5.86 � 3.29 5.57 � 3.60 .27 .790

NFA (n) 3.62 � 3.26 .76 � 1.37 3.70 .001

Tot D 52.50 � 64.38 12.57 � 15.96 2.76 .009

FA D 32.79 � 45.42 11.52 � 15.36 2.03 .049

NFA D 19.44 � 21.62 1.10 � 2.53 3.86 .000

FA R 25.10 � 28.28 10.33 � 13.14 2.17 .036

NFA R 13.48 � 14.12 1.48 � 3.37 3.79 .001

From FA
to NFA

2.05 � 1.32 .24 � .44 5.96 .000

From NFA
to FA

1.43 � 1.333 .05 � .22 4.71 .000

FA L 3.39 � 3.53 5.57 � 3.53 �2.00 .052

NFA L 2.28 � 2.26 .36 � .76 3.70 .001

Abbreviations: Acts (n), incidence of all acts; FA (n), incidence of functional acts; FA D, total
duration of functional acts; FA L, number of sequences of consecutive functional acts; FA R,
repetitions of functional acts; From FA to NFA, incidence of switching between functional acts
and nonfunctional acts; From NFA to FA, incidence of switching between nonfunctional acts
and functional acts; NFA (n), incidence of nonfunctional acts; NFA D, total duration of
nonfunctional acts; NFA L, number of sequences of consecutive nonfunctional acts; NFA R,
repetitions of nonfunctional acts; Tot D, total duration of ritual.

Figure 1. Heatmap of the correlational matrix among the study variables in the
obsessive-compulsive disorder group.
Notes. Colored cells are used to represent the correlation coefficient magnitude and
positivity/negativity of the correlation. The colors of the spots represent the direction
of the correlation (blue for negative; for positive) and the dimension of the correlation
magnitude (the stronger the color, the larger the correlation coefficient). The signifi-
cant associations are indicated with stars (*P < .05; **P < .01).
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psychopathological variables and/or prepsychotic symptoms of
schizophrenia. To the best of our knowledge, no study to date has
explored themotor pattern of ritual compulsions in relation toOCD
psychopathology and/or an underlying schizophrenia vulnerability.

First, our findings clearly indicate that compulsive rituals differ
from ordinary behavior in their motor pattern. Particularly, in the
present study, OCD rituals are distinguished from the correspond-
ing ordinary behaviors with respect to the following features: 1)
redundancy of both FA and NFA, confirming that compulsive
rituals are built through the repetition of single action units11; 2)
higher prevalence of NFA (in number, repetition, duration, and
length), thus with a detachment from the original pragmatic
goal12,13; 3) longer duration of both FA and NFA, suggesting a loss
of automaticity with redirection of cognitive efforts to the “script”
of the performance10,14; and 4) higher transition from FA to NFA
and vice versa with a continuous fragmentation of the action flow
and a further disconnection from environmental contingences.13

Altogether, these results corroborate previous findings of an
invariant, “fixed” motor structure of OCD rituals, due to the
repetition of single action units (both FA and NFA) with the
inflation of NFA. The end result is the fragmentation of the action
flow with diversion of the attention to the single building acts and a
complete detachment from a pragmatic purpose.9,11–13

Second, our study unexpectedly failed to find any association
between the motor structure of rituals and OCD psychopathology.
In contrast, the motor pattern of OCD rituals was correlated with
two symptom dimensions, not strictly inherent to OCD psycho-
pathology: depressive (HAM-D total score) and prepsychotic (FCQ
total score) dimensions.

With regard to OCD psychopathology, the formal features of
OCD rituals correlated neither with OCD severity (YBOCS total
score) nor with the level of the patient’s insight (BABS) over the
compulsions. From an evolutionary perspective, OCD compul-
sions have been defined as innate, preprogrammed behaviors
inappropriately or excessively “released” in psychopathological
conditions.40 In vertebrates, the neurobiological substrate of rituals
(including OCD rituals in humans) lies on the corticostriatothala-
mocortical circuitry (CSTC), which is focused on the basal ganglia,
structures that are highly conserved and implied in daily routines
and habits.18 In nonhuman animal studies, it has been shown that
at increasing levels of ecological uncertainty, behavior becomes
more repetitive and loses automaticity in favor of major attentional
control.15,29 Different animal models of OCD-like behavior (eg,
quinpirole-induced compulsive checking, marble burying, or nest
building behavior models) would confirm the continuity of ritual
behavior in vertebrates: 1) construct validity, with shared neural
systems (CSTC pathways)41; 2) face validity, with behavioral phe-
notypes similar to human compulsions (rigid motor repetition,
attentional focus on the correctness of acts, and “just right” per-
ceptions)42; and 3) predictive validity, that is, responsiveness to
OCD serotoninergic drugs.7 Altogether, the structural invariance
of OCD rituals seems to be “hardwired” in the human brain, and
homologous to that of ritual behavior across vertebrate phylog-
eny.7,18 Therefore, we suggest that themotor pattern ofOCD rituals
would say more about the long evolutionary history of ritual
behavior than about OCD characteristics of individual patients.

As to depressive dimension, an association was found between
the severity of depressive symptoms and duration (total duration
and duration of FA) of OCD rituals. In this regard, we suggest that

Figure 2. Comparison between obsessive-compulsive disorder compulsions and con-
trol behaviors in the motor pattern.
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Table 5. Pearson’s Correlation Among Psychopathological Variables and Motor Aspects of Ritual in Obsessive-Compulsive Disorder (OCD) Group

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. BABS –

2. YBOCS .835** –

3. HAM-D �.065 .051 –

4. FCQ �.034 .030 .313 –

5. Acts (n) .219 .279 .416 .597** –

6. FA (n) .143 0,235 .566** .469* .788** –

7. NFA (n) .248 .230 �.028 .518* .693** .153 –

8. Tot D �.047 .165 .499* .648** .549** .452* .413 –

9. FA D �.086 .137 .536* .644** .490* .477* .272 .981** –

10. NFA D .038 .200 .347 .582** .602** .341 .657** .916** .821** –

11. FA R .027 .254 .540* .616** .587** .643** .277 .881** .905** .727** –

12. NFA R .120 .283 .267 .640** .663** .391 .709** .872** .783** .952** .764** –

13. FA L �0,177 .010 .450* �.058 .288 .587** �.362 .084 .166 �.094 .268 �.123 –

14. NFA L .022 .117 �.368 �.093 �.160 �.462* .284 �.115 �.172 .021 �.255 .073 �.353 –

15. From FA to NFA .393 .375 �.046 .333 .418 .128 .630** .267 .187 .397 .285 .545* �.485* .317 –

16. From NFA to FA .402 .282 �.099 .172 .230 �.020 .444* .185 .120 .306 .162 .400 �.499* .289 .844** –

Abbreviations: Acts (n), incidence of all acts; BABS, Brown Assessment of Beliefs Scale; FA (n), incidence of functional acts; FA D, total duration of functional acts; FA L, number of sequences of consecutive functional acts; FA R, repetitions of functional acts;
FCQ, Frankfurt Complaint Questionnaire; From FA to NFA, incidence of switching between functional acts and nonfunctional acts; FromNFA to FA, incidence of switching between nonfunctional acts and functional acts; HAM-D, Hamilton Depression Rating
Scale; NFA (n), incidence of nonfunctional acts; NFA D, total duration of nonfunctional acts; NFA L, number of sequences of consecutive nonfunctional acts; NFA R, repetitions of nonfunctional acts; Tot D, total duration of ritual; YBOCS, Yale-Brown
Obsessive-Compulsive Scale.
*P ≤ .05.
**P ≤ .01.
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specific psychomotor symptoms of depression (namely psychomo-
tor retardation)43 may increase the duration of ritual, with an
overall slowing down of the action flow and a tendency to repetition
of FA.

Concerning prepsychotic symptom dimension, in our study,
higher score of prepsychotic symptoms was associated with an
overall complexity of ritual behavior (total number of single action
units; and number, duration, and repetition of both FA and NFA).
That is, at increasing levels of subjective prepsychotic self-experi-
ences, the motor pattern is more complex, redundant, and slowed
down (thus cognitive demanding), ultimately emphasizing its
structural characteristics. Such a process of “complexification” of
ritual behavior is independent fromOCD severity. We suggest that
in OCD patients, the relationship between more severe prepsycho-
tic experiences and highly ritualized compulsive behavior may be
explained through the lens of an evolutionary and ethological
analysis of the proximal and ultimate causes (mechanisms) of ritual
behavior in the life history of a species and their adaptive signifi-
cance.16,17 That is, the “inflated” motor pattern of OCD rituals
would exert a “homeostatic” function to increase predictability and
controllability over the psychobiological “high-entropy” state26 due
to prepsychotic symptoms.

Different studies from invertebrates24,25 to mammals44 have
confirmed the “urge” to motor repetition in changing environ-
ments across phylogeny. Indeed, across taxa, the repetition of acts,
particularly NFA, seem to enhance behavioral plasticity in order to
deal with environmental unpredictability.9,27 In fact, at increasing
levels of ecological unpredictability, the performance of repetitive
acts “forces” the interruption of automatic behavior with an
enhanced focalization on the motor pattern itself.12 Ultimately,
acts repetition serves to adjust behavioral response to the new
environment,45 enabling the performer to maintain the control
over environmental changes or potential threats.20,21,46 Behavioral
modifications are then incorporated into new adaptive pat-
terns.23,47 Interestingly, a similar mechanism based on acts repeti-
tion seems to be at work also in the development of motor behavior
in vertebrates.48 For example, the buildup of motor activity of
infant rats occurs through the repetition of a single act, to which
further new acts are incorporated before the first act is eliminated.9

In human ritual behavior, both motor and cognitive mecha-
nisms are involved: on the one hand, repetitive and rigid physical
actions reduce physiological arousal due to anxiety-related unpre-
dictability15,49,50, but on the other, hyperattention to the reordering
sequence of ritual acts (repetition, specific number of procedural
steps, and time specificity) leads to the subjective perception of a
“reordered” world.51 Altogether, the sensorimotor experience of
engaging in sequenced actions that are rigid, formal, and repetitive,
coupled with the motor control required to enact these actions, per
se satisfies a fundamental need for order and control.

Noteworthy, in schizophrenia patients with low levels of disor-
ganization, mild obsessive-compulsive symptoms are associated
with higher levels of functioning.52,53 Therefore, we suggest that
across the entire “schizo-obsessive” continuum (from OCD
patients with higher prepsychotic symptoms to schizophrenia
patients with OCD),53 the same counterbalancing mechanism is
at work, with a superimposed “ordering” ritual structure over the
psychosis-related unpredictability. Of course, this is not to say that
OCD is a “voluntary” compensatorymechanism in psychotic patients.
Rather, the frequent co-occurrence of OCD and psychotic symptoms,
probably underpinned by frontostriatal dysconnectivity,18,54

may form more stable syndromic configurations due to the evolu-
tionary role of ritual behavior.

To sum up, OCD compulsive rituals present a specific motor
structure compared to their corresponding ordinary actions. The
complexity of compulsivemotor pattern is independent fromOCD
psychopathology (YBOCS or BABS), whereas it results specifically
associated prepsychotic symptoms (FCQ). We argue that such a
specific motor pattern reflects the adaptive significance of ritual
behavior across evolution, that is, its homeostatic function in
conditions of unpredictability.

The main limitation of our study concerns its cross-sectional
design. In fact, the complex relationship betweenmotor parameters
of rituals, OCDpsychopathology, and prepsychotic symptomsmay
fluctuate over time. Moreover, a possible relationship between
anxiety and ritual motor structure was not specifically assessed;
nor was the “rigidity” of ritual behavior (ie, the fidelity of the script)
adequately evaluated. Similarly, a potential confounding effect of
psychopharmacological therapy over compulsivemotor profile was
not taken into account. Finally, these results should be viewed with
the caveat of the small sample size. Therefore, larger longitudinal
studies are needed to confirm our data.

Conclusion

Concluding, in OCD patients with higher prepsychotic symptoms,
ritual compulsions tend to be structurally more articulated and
demanding, independently from OCD severity or insight. This
finding highlights the importance of a careful evaluation of pre-
psychotic symptoms in OCD patients, whose more prominent
compulsive rituals may cover a schizophrenia vulnerability.
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