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Learning Objectives

1. Review the pathophysiology of anorexia 
nervosa.

2. Acknowledge the changes of touch perception 
in patients with anorexia nervosa.

3. Discuss the application of osteopathic 
manipulative medicine in the treatment of 
anorexia nervosa patients, with consideration 
of the associated pathophysiology.
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A Moment 
to Reflect



Every 52 minutes a person 
dies due to consequences of an 

eating disorder.

https://www.nationaleatingdisorders.org/statistics/​

https://anad.org/eating-disorder-statistic/​
Source

https://www.tasmeemme.com/en/store-items/the-52-minutes-icon-isolated-on-white-background-clock-and-watch-timer-countdown-symbol-stopwatch-digital-timer-vector-icon/?item=10111860830


Eating Disorder (ED) Statistics

 28.8 million Americans will develop an eating disorder in their lifetime

 Lifetime prevalence of EDs is 8.60% among females and 4.07% 

among males

 Anorexia has the highest case of mortality rate of ED and the second-

highest crude mortality of any mental illness.

 Patients with anorexia nervosa are 18 times more likely to commit 

suicide compared to those without eating disorders.

https://www.nationaleatingdisorders.org/statistics/

https://anad.org/eating-disorder-statistic/



Anorexia Nervosa (AN)
Diagnostic Criteria

Deliberate restriction of energy intake, causing significantly low body 
weight.

• > 20yo: BMI < 18.5 kg/m^2

• ≤ 20yo: BMI < 5th percentile for sex and age

≥ 1 of the following:

• Intense fear of weight gain

• Persistent behaviors that interfere with weight gain

≥ 1 of the following:

• Body image disturbance

• Disproportionate impact of weight or body shape on self-evaluation

• Lack of acceptance of the seriousness of current low weight

DSM-5-TR



Specifiers

• Restricting Type vs. Binge-Eating/Purging 
Type

• In Partial vs. Full Remission

• Severity

 Mild: BMI ≥17kg/m^2

 Moderate: BMI 16-16.99 kg/m^2

 Severe : BMI 15-15.99 kg/m^2

 Extreme: BMI <15 kg/m^2

DSM-5-TR



Pathophysiology of Anorexia Nervosa

Source

https://www.google.com/url?sa=i&url=http%3A%2F%2Fwww.hormones.gr%2F8459%2Farticle%2Fbone-disease-in-anorexia-nervosa%25E2%2580%25A6.html&psig=AOvVaw1KQi7UVHsWi9MAil0JVQbj&ust=1705867874108000&source=images&cd=vfe&opi=89978449&ved=0CBMQjRxqFwoTCLC50Jnj7IMDFQAAAAAdAAAAABAI


Hypothalamus-
Pituitary Adrenal 
(HPA) Axis and AN

• Increased levels of salivary/serum 

cortisol in adults with AN

• Results in amenorrhea and low bone 
density

• Growth hormone resistance

• Impacts longitudinal bone growth

• Nonthyroidal illness syndrome

• Hypoleptinemia

Shibuya, International Journal of Psychophysiology, 2011

Schorr, Nat Rev Endocrinol, 2017 Source

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5998335/figure/F1/


Shibuya, International Journal of Psychophysiology, 2011

• 21 female adolescents 

with AN in Japan versus 
a control group

• Mean age 14.4 ± 1.4 

years

• Treatment included 

weight restoration, 
normalization of eating, 

behavioral therapy and 
additional psychological 
therapies



Role of Dopamine

• Complicated and not completely 
understood

• Pathways involved in pathology: 
mesocortical and mesolimbic

• Motivated behavior

• Reward pathways

• AN patients have decreased 
homovanilic acid

• Negative correlation between 
striatal D2 receptors and body 
mass

• Weight restoration associated with 
increased D2/D3 receptor binding 
in the ventral striatum

• Leptin reduction in AN leads 
to increased dopamine signaling --> 
increase physical activity

Gorrell, OBM Neurobiol. 2020

Beeler, Frontiers in Psychiatry, 2022

Source

https://openbooks.lib.msu.edu/neuroscience/chapter/motivation-and-reward/


Two Stage Theory of Dopamine

Source

• Beeler & Burhhardt (2022) theorize rise and fall of dopamine throughout the pathology 
of anorexia nervosa

• Stage 1: Development of AN

o Rise in midbrain dopamine signaling

o Acts like a psychostimulant fueling behaviors

• Stage 2: Entrenchment of AN

o Dopamine falls due to chronic caloric restriction and HPA-axis activation

Beeler, Frontiers in Psychiatry, 2022



• Gorrell et al. (2020) published a review discussing dopaminergic activity 
in AN patients

 Emphasis on driven exercise behavior seen in 80% of AN patients

• Reward-deficit model

▪ Alterations in the ventral frontostriatal network (reward-
oriented) --> alters response to stimuli

• Habit-focused model

▪ Dysfunctions in the dorsal frontostriatal network take over --> behaviors 
become obligatory

Reward-deficit Model vs. Habit-centered Model

Gorrell, OBM Neurobiol. 2020

Source

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7872149/figure/F1/


The Processing 
and Perception of 
Touch in Anorexia 
Nervosa



What We Can't See

• Two-point discrimination studies

▪ AN patients overestimate distance 
between tactile stimuli and images 
of body habitus.

• Body image disturbances linked to 
abnormal high-level neuronal processing 
of sensory information

▪ Includes differences in perception of 
touch.

Davidovic, Psychiatry Research. 2018.



Exploring C Tactile (CT) Afferents

• CT afferents: unmyelinated low threshold mechanoreceptors 
involved in affective touch

• CTs play a major role in emotional regulation through contact with 
the posterior insular cortex, the gateway between sensory systems 
and emotional processing in the frontal lobe.

• Possible association with other regions of the brain that contribute 
to pleasantness, reward, safety, hunger and thirst.

Crucianelli, Psychiatry Research. 2016.



Source

https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.15056


Processing Affective 
Touch

 Low threshold 
mechanoreceptors (AB) 
afferents and CT afferents 

play a role in touch sensation.

 CT afferents respond to slow 
and pleasant, gentle stimuli.

 Soft brush stroking involving 
CT afferents led to activation 
of the posterior insula

Marshal and McGlone, Neurosci Insights. 2020.
McGreevy, European Journal of  Integrative Medicine. 2022.

Olausson, Neuroscience & Biobehavioral Reviews. 2010.

fMRI activation in posterior insular cortex evoked by CT 

afferent stimulation in subjects lacking AB afferents 

(Olausson, 2002)



Pleasantness Ratings Results

AN = anorexia nervosa
RAN = recovered from 

anorexia nervosa
HC = healthy controls



Touch Perception Across Body Sites

Individual differences 
in dysmorphic 
appearance of the 
body and emotional 
awareness might be 
associated with touch 
perceptions across 
body sites.

Cazzato, PLOS ONE. 2021



Using CTs to Find Abnormal Insula-Mediated Touch 
Processing in Patients with Anorexia Nervosa

 Davidovic et al., investigated the link between abnormal insula-mediated 

touch processing and altered perception of touch.

 Study compared AN patients to healthy controls (HC).

 Results reconfirmed that AN patients perceived touch as less pleasant than 

HC.

 Imaging showed reduced insular response in AN patients relative to HC.

Davidovic, Psychiatry Research. 2018.



Visuospatial and Somatosensory Cortical 
Processing



Pathophysiology Summary
 Alterations in the HPA-axis --> increased cortisol 

levels

 Mesocortical and mesolimbic dopamine pathways 

reinforce behaviors in AN

 Increased D2/D3 receptor binding in the 
ventral striatum

 Decreased leptin --> increased dopamine 
levels

 Insula and somatosensory cortex process sensory 
and emotional information through the activation 

of CT afferents.

 Changes in CT-afferent processing

 Reduced perceived pleasantness of touch

 Lowest ratings of touch associated 
with the abdomen

Source

Source

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDopaminergic&psig=AOvVaw09x7B7-cFiCWI0p9VTiabr&ust=1710203026491000&source=images&cd=vfe&opi=89978449&ved=0CBUQjhxqFwoTCIj-jPH46oQDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fsimple.wikipedia.org%2Fwiki%2FCortisol&psig=AOvVaw2M1_QP-KpqJFPstnjIBeOQ&ust=1710203107344000&source=images&cd=vfe&opi=89978449&ved=0CBMQjRxqFwoTCJD30Jf56oQDFQAAAAAdAAAAABAN


OMM Requires 
Touch to Treat 
Patients



 PTSD patients

▪ Increase release of oxytocin --> increased 
parasympathetic relaxation and decreased 

cortisol level

▪ Improved emotional regulation

▪ OMM helps normalize autonomic activity

▪ Craniosacral therapy decreased headaches and 
anxiety-related symptoms

▪ Potential exacerbation of PTSD specific 

symptoms

 Massage treatment for sexual abuse victims

▪ Decreased depression, anxiety, and stress

▪ Unchanged vs. increased negative attitudes 
towards touch

Source

McGreevy, European Journal of Integrative Medicine. 2022​

Field, Journal of Bodywork and Movement Therapies. 1997​

Collebrusco, Health. 2018​

Davis, J Bodyw Mov Ther. 2016

Touch 
Perception and 
Manipulative 
Treatment in 
Trauma Patients

https://www.google.com/url?sa=i&url=https%3A%2F%2Ftbitherapy.com%2Fcranial-osteopathy%2F&psig=AOvVaw1Y04J0MDMKQWwUj4pbhau4&ust=1706488668318000&source=images&cd=vfe&opi=89978449&ved=0CBMQjRxqFwoTCNj3-ejr_oMDFQAAAAAdAAAAABAE


OMM in Anorexia 
Nervosa Patients



Osteopathic Approach to Anorexia 
Nervosa

1. The body is a unit; the person is a unit of body, mind, and 
spirit.

2. The body is capable of self-regulation, self-healing, and 
health maintenance.

3. Structure and function are reciprocally interrelated.

4. Rational treatment is based upon an understanding of the 

basic principles of body unity, self-regulation, and the 
interrelationship of structure and function

Foundations of Osteopathic Medicine, 4th Ed. 2018



OMM in AN

• Sympathetics:
 Rib raising

 Viscerosomatics to thoracic 

spine
 Adrenal

 Gonadal

 Ganglia

• Parasympathetics
 Vagus

 Sacral

 Cranial
 Pituitary gland

 Lymphatics
 Thoracic inlet

 Diaphragms

 Splenic and liver pump

Chinsky, Osteopathic Family Physician, 2021

Gorrell, OBM Neurobiol, 2020

Vigotsky, Pain Res Treat. 2015



• Location of treatment
 Abdomen rated most unpleasant

• Increase levels of dopamine in AN
 Benefit vs. concern?

• OMM could have its therapeutic effects via the CT afferents
 Potential negative effects for AN patients due to altered perceptions of touch?

Considerations of OMM in AN



Questions?
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