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Summary 

An Image-based Approach to Measuring and Classifying Bodily Patterns of Pain 

and Referred Signs 

Nour Shaballout 

Acute pain is a huge burden for the medical as well as for the social systems. Since pain 

is a multidimensional and highly individualized sensation, it is difficult to quantify and to 

validate in the clinical setting. However, since pain originating from visceral organs exhibit 

characteristic patterns, many textbooks assign pain location a discriminative role in the 

differential diagnosis. Furthermore, a related but much less known phenomenon in acute 

visceral diseases are segmental signs. Here, pain signals from visceral organs are 

referred to other somatic or visceral tissues with overlapping segmental innervation. Such 

pain signals most frequently manifest themselves in the form of referred hyperalgesia and 

less known manifestations, like allodynia, increased resistance of the skin, vasomotor 

changes, and even unilateral mydriasis. However, the appropriate assessment and 

analysis of pain with its accompanying signs requires a comprehensive tool. 

The pain drawing (PD) has been known to be an important tool to evaluate, communicate, 

and objectify pain. In a pain drawing (PD), the patient or doctor shades painful areas on 

an illustration of the human body. This simple yet powerful tool captures essential aspects 

of pain and related signs, such as localization, intensity, and distribution. Besides, it 

enables the extraction of meaningful information, such as the area, widespreadness, and 

segmental pattern. Recently, PDs have developed into sophisticated digital health 

applications paving the way for many new and exciting basic translational and clinical 

applications. 

The aim of this thesis was to test the diagnostic role of electronic PDs in acute pain 

situations by using a Tablet-PC-based PD app (“Symptom Mapper”) specifically designed 

for measuring pain patterns and the accompanying referred signs. 

Starting with a comprehensive introduction reviewing the definition of pain, its different 

types, and accompanying referred signs, we discuss methods to objectifying pain, 

including questionnaires, numeric rating scales (NRS), and pain drawings (PDs) (Chapter 

1).  
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In the first of three studies, we reviewed the literature concerning pain drawings in a 

systematic way to identify the best suitable methods for conception, data acquisition, 

analysis, and data presentation of electronic pain drawings (Chapter 2). 

In the second study, we evaluated whether knowledge of the patients’ electronic PD had 

the potential to improve doctors’ understanding of their patients and to influence their 

clinical decision making. Here, we sought to identify differences between electronic PDs 

of patients and their treating pain specialists in an acute pain situation and to find those 

specific characteristics derived from the PDs that had the largest impact on doctors’ 

understanding. We found that, in a clinical setting, electronic PDs can improve doctors' 

understanding of patients in acute pain situations. Additionally, the ability of electronic PDs 

to visualize differences between doctors' and patients' conception of pain was found to 

have the potential to improve doctor-patient communication (Chapter 3). 

In the third study, we measured the segmental distribution of pain and referred signs in 

different visceral diseases using electronic PDs. Besides, we compared the segmental 

distribution of pain and segmental signs to decide, which of the two was better suited for 

differential diagnosis in visceral diseases (Chapter 4). 

By analyzing the resulting electronic images, we found that patterns of referred signs are 

more useful than those of pain in distinguishing between affected organs. These results 

underline the usefulness of including segmental signs in the bodily examination of patients 

with acute medical problems. Segmental information and lateralization may help to narrow 

down the number of possible causes before more sophisticated test results can be 

obtained. 

Finally, in the light of the obtained results, we discuss the benefits of using PDs in general, 

the importance of choosing appropriate tools, and the diagnostic usefulness of electronic 

PDs by patients or doctors in acute medical situations (Chapter 5). 

In summary, our results show the great potential of electronic PDs and underline their 

usefulness in the assessment of acute medical problems. 
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Zusammenfassung 

      

Ein Bildbasierter Ansatz zur Erfassung und Klassifikation Körperlicher Muster von 

Schmerz und Segmentaler Zeichen. 

Nour Shaballout 

Akute Schmerzen sind eine enorme Herausforderung sowohl für das medizinische als 

auch für das soziale System. Da es sich beim Schmerz um eine mehrdimensionale und 

hoch individualisierte Empfindung handelt, ist es schwierig, ihn zu quantifizieren und im 

klinischen Umfeld zu validieren. Da die von viszeralen Organen ausgehenden Schmerzen 

jedoch charakteristische Muster aufweisen, wird in vielen Lehrbüchern dem Schmerzort 

eine wichtige Rolle in der Differentialdiagnose zugewiesen. Darüber hinaus sind 

segmentale Zeichen ein häufiges, aber  wenig bekanntes Phänomen bei akuten 

viszeralen Erkrankungen. Hier werden Schmerz-Signale viszeralen Ursprungs auf andere 

somatische oder viszerale Gewebe mit überlappender segmentaler Innervation 

übertragen. Solche Schmerzsignale manifestieren sich am häufigsten in Form von 

Hyperalgesie und weniger bekannten Manifestationen, wie Allodynie, 

Spannungsvermehrung der Haut, vasomotorischen Veränderungen und sogar einseitiger 

Mydriasis. Die angemessene Beurteilung und Analyse von Schmerzen und ihren 

Begleiterscheinungen erfordert jedoch ein umfassendes Instrumentarium. 

Schmerzzeichnungen sind seit langem ein wichtiges Instrument zur Beurteilung und 

Objektivierung von Schmerzen. Bei einer Schmerzzeichnung zeichnet der Patient oder 

der Arzt schmerzhafte Bereiche auf einer Abbildung des menschlichen Körpers ein. 

Dieses einfache, aber leistungsstarke Werkzeug erfasst wesentliche Aspekte des 

Schmerzes und der damit verbundenen Zeichen, wie z.B. Lokalisierung, Intensität und 

Verteilung. Darüber hinaus ermöglicht es die Extraktion aussagekräftiger Informationen, 

wie z.B. das Gebiet, die Ausbreitung und das Segmentmuster. In den letzen Jahren haben 

sich die Schmerzzeichnungen zu anspruchsvollen digitalen Gesundheits-Apps entwickelt, 

die den Weg für viele neue und interessante translatorische und klinische Anwendungen 

ebnen. 

Das Ziel dieser Arbeit war es, die diagnostische Rolle der elektronischen PDs in akuten 

Schmerzsituationen zu testen, indem eine Tablet-PC-basierte PD-App ("Symptom 

Mapper") verwendet wird, die speziell für die Messung von Schmerzmustern und 
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segmentalen Zeichen entwickelt wurde.Ausgehend von einer umfassenden Einführung, 

die die Definition von Schmerz, seine verschiedenen Typen und die begleitenden 

Überweisungszeichen erläutert, werden Methoden zur Objektivierung von Schmerzen, 

einschließlich Fragebögen, numerische Ratingskalen (NRS) und Schmerzzeichnungen 

(PDs), diskutiert (Kapitel 1). 

In der ersten von drei Studien wurde die Literatur zu Schmerzzeichnungen systematisch 

durchsucht, um die am besten geeigneten Methoden zur Konzeption, Datenerfassung, 

Analyse und Darstellung von elektronischen Schmerzzeichnungen zu identifizieren 

(Kapitel 2). 

In der zweiten Studie haben wir untersucht, ob das Wissen über die elektronische PD der 

Patienten das Potential hat, das Verständnis der Ärzte für ihre Patienten zu verbessern 

und ihre klinische Entscheidungsfindung zu beeinflussen. Hier versuchten wir, 

Unterschiede zwischen den elektronischen PDs von Patienten und ihren behandelnden 

Schmerzspezialisten in einer akuten Schmerzsituation zu identifizieren und jene aus den 

Zeichnungen abgeleiteten, spezifischen Merkmale zu finden, die den größten Einfluss auf 

das Verständnis der Ärzte hatten. Wir fanden heraus, dass im klinischen Umfeld 

elektronische Schmerzzeichnungen das Verständnis der Ärzte für Patienten in akuten 

Schmerzsituationen verbessern können. Darüber hinaus wurde festgestellt, dass ihre, 

Unterschiede zwischen der Schmerzvorstellung von Ärzten und Patienten zu 

visualisieren, das Potenzial hat, die Kommunikation zwischen Arzt und Patient zu 

verbessern (Kapitel 3). 

In der dritten Studie wurde dann die segmentale Verteilung von Schmerzen und 

segmentalen Zeichen bei verschiedenen viszeralen Erkrankungen mit Hilfe elektronischer 

Schmerzzeichnungen erfasst. Außerdem verglichen wir die körperlichen Muster von 

Schmerz und segmentalen Zeichen, um zu entscheiden, was von beidem besser für die 

Differentialdiagnose bei viszeralen Erkrankungen geeignet ist (Kapitel 4). 

Wie die Analyse der erhobenen Daten zeigte, waren die Muster der segmentalen Zeichen 

hilfreicher als die der Schmerzen in der Differentialdiagnose der betroffenen Organe. 

Diese Ergebnisse unterstreichen die Nützlichkeit der Einbeziehung segmentaler Zeichen 

in die körperliche Untersuchung von Patienten mit akuten medizinischen Problemen. 

Segmentale Verteilung und Lateralisierung können helfen, die Anzahl der möglichen 

Ursachen einzugrenzen, bevor weitergehende Untersuchungen durchgeführt werden 

können. 
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Abschließend diskutieren wir im Lichte der erzielten Ergebnisse die Bedeutung von 

Schmerzzeichnungen im Allgemeinen, ihren diagnostischen Nutzen und die Wichtigkeit 

der Auswahl geeigneter Instrumente (Kapitel 5). 

Zusammenfassend zeigen unsere Ergebnisse das große Potential elektronischer 

Schmerzzeichnungen und unterstreichen ihre Nützlichkeit in der Beurteilung akuter 

medizinischer Probleme. 
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1. Chapter 1: General introduction 

The differential diagnosis of acute internal organ diseases is a challenging clinical experience 

that requires reasonable diagnostic methods (Fruth et al., 1991). Pain, by its different 

manifestations, can be considered one of the essential aids in investigating the site and the 

cause of the disease. Consequently, it helps to reach the correct diagnosis and appropriate 

treatment. However, for different reasons, the pain approach is always challenging for doctors 

around the globe; thus, better pain assessment tools ease reaching the correct diagnosis. 

However, to build a comprehensive assessment tool, it is crucial to understand first the pain 

nature, types, and patterns. 

1.1. Pain 

1.1.1. Definition  

The word pain is derived from the Latin language, where poena means punishment or fine. It 

is considered a punishment due to its accompanying physical and psychological suffering. 

Pain expresses partially types of uncomfortable sensations that are triggered by different 

damaging sources. One of the most commonly used definitions of pain comes from the 

International Association for the Study of Pain: “An unpleasant sensory and emotional 

experience that is associated with actual or potential tissue damage or described in terms of 

such damage.” (Bonica, 1979). It is essential to recognize that pain happens in the CNS via 

the nociception (nervous system response to a noxious stimuli) (Gebhart et al., 2016).  

Although it can be implicated from the definition that pain is a unpleasant symptom or sign, it 

has an important role in the diagnosis and treatment of ongoing disease. Pain is a symptom 

of many diseases alarming the patients and, consequently, physicians about the abnormal 

process in the body. Besides, it usually guides them to the site of injury. Nonetheless, doctors’ 

mission in defining the affected organ according to only the location of pain (that the patient 

refers to) is not always successful and sometimes can be misleading. This difficulty is caused 

mainly by the following reasons: 

Firstly, the subjective experience of pain and its expression differ among individuals. Those 

two factors may lead to different interpretations by the physician for the same source of pain 

(Arendt-Nielsen et al., 2001). 

Secondly, according to the site of origin, pain has mainly two types “somatic” and “visceral.” 

Each type of pain has a different nature from the other, and thus each requires different 

medical approaches. For example, doctors can locate precisely the site of a skin wound, 
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because pain area refers to the location of this injury. The same method, however, cannot be 

accurately applied for pain originating from the visceral organs, as in the chest or abdomen. 

In the first case, pain is of the so-called “somatic” type, while in the second case, the type of 

pain is “visceral.” It is challenging to locate visceral pain precisely, as well as it is difficult to 

describe its characteristics. 

Thirdly, the phenomenon of feeling pain in a different site from the affected organ leads 

sometimes to dislocate the correct injury location (e.g., right shoulder pain that is felt in 

gallbladder or liver diseases may confuse the diagnosis). Further insights into pain types, 

patterns, and properties may help for better evaluation of the pain source.  

1.1.2. Pain types 

Somatic pain 

Somatic pain has been defined as a pain evoked by stimulating the pain receptors 

(nociceptors) in musculoskeletal structures of the body, e.g., skin, muscles, bones, and joints. 

This type of pain is usually sharp, stabbing, aching, or cramping according to the type of the 

triggered nociceptors. However, it is typically localized to the site of the evoked tissue’s area 

and follows the distribution of a nerve root or peripheral nerve (Cervero et al., 2009). According 

to the depth of somatic pain, it has been divided into two forms:  

Superficial somatic pain 

It is a pain evoked by stimulating nociceptors in the skin and mucous membranes, e.g., the 

pain felt due to skin wounds and burns (Woolf, 1995). 

Deep somatic pain 

It is a pain evoked by stimulating nociceptors in muscles, joints, and bones, e.g., the pain felt 

due to muscle strains (Woolf, 1995). 

Mechanism 

Noxious stimulation of the nociceptors of somatic areas produce currents that travel along the 

sensory nerve fiber’s “first-order neuron” to the “dorsal horn” of the spinal cord. They synapse 

there with nerve fibers of the second-order neurons that cross to the opposite side of the same 

segment of the spinal cord via the anterior white commissure. Then, they ascend toward the 

thalamus via the spinothalamic tract. In the thalamus, pain current travels via nerve fibers that 

synapse with nerve fibers of the third-order neuron to the primary and secondary 

somatosensory cortex. The somatosensory cortex has different sensory areas; each area 

represents part of the human body. For this reason, pain current coming from different body 
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areas travel to the correlated somatosensory cortex where the various features of the pain 

experience and discrimination are integrated (Julius et al., 2001, Woolf,1995, Cervero et al., 

2009). 

Visceral pain 

Visceral pain is one of the most common complaints in the clinics, impacting up to 25% of the 

population (Halder et al., 2002). Visceral pain is defined as a pain evoked by stimulating 

nociceptors in the visceral organs of the cardiovascular, respiratory, gastrointestinal, and 

genitourinary systems (Cervero et al., 2009).  

It is usually described as dull, aching, and deep pain. In contrast to somatic pain, it is typically 

diffuse and poorly localized and frequently referred to somatic regions (Cervero et al., 2009).  

Mechanism 

Algogenic stimuli triggering pain receptors in the visceral organs are different from those of 

the somatic structures. Visceral pain can be triggered via stretching of the capsule of solid 

visceral organs, abnormal distension or contraction of GI tract walls, compression of vessels, 

anoxia of smooth muscles, direct action of chemical stimuli as the accumulated algogenic 

substances of necrosis of some structures (Cervero et al., 1994, Giamberardino et al., 1999). 

However, there is no correlation between the size of the affected area and the intensity of the 

visceral pain (Cervero et al., 2009).The nociceptors of viscera consist mainly of unmyelinated 

fibers that transmit pain current via the splanchnic nerve of each internal organ to the 

corresponding segment of the thoracolumbar spinal cord. Nerve fibers of the splanchnic 

nerves synapse in the spinal cord with two types of neurons. The first type is the second-order 

neuron that crosses to the opposite side of the same segment and travels to the thalamus. At 

the same level of the segment, splanchnic nerve synapses with the preganglionic nerve fibers 

of the paravertebral (sympathetic chain) and prevertebral (celiac, superior and inferior 

mesenteric) sympathetic ganglia. 

On the other hand, it is essential to know that most of the visceral organs of the chest and 

abdomen have their parasympathetic innervation from the vagal nerve. Only adrenal glands, 

distal colon, rectum, anus, urinary bladder, uterus/prostate, and genitalia receive their 

parasympathetic innervation from the pelvic nerve. All nerve currents (vagal, pelvic, and 

splanchnic) travel to the brain within different ascending pathways (Figure 1). This 

involvement of the autonomic nervous system explains the accompanying symptoms (e.g., 

pallor, sweating, nausea, vomiting, anxiety, changes in blood pressure, and heart rate) of the 

visceral injury.  
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Figure 1: Visceral afferent innervation. The vagus nerve innervates thoracic organs and most of the 

abdominal organs. The same thoracic and abdominal organs are innervated by the visceral spinal 

nerves. Most of the splanchnic afferents pass through para- and pre-vertebral ganglia. Prevertebral 

ganglia: CG celiac ganglion; IMG inferior mesenteric ganglia; SMG superior mesenteric ganglia and 

PG, pelvic ganglion. Paravertebral ganglia are illustrated as a vertical (sympathetic) chain. 

Abbreviations: GSN, greater splanchnic nerve; LuSN, lumbar splanchnic nerve; HGN, hypogastric 

nerve; DRG, dorsal root ganglia, and S, secretory and M, motor neurons. (from: Gebhart et al. 2016) 

1.1.3. Referred pain (referred hyperalgesia) 

Definition 

Referred pain is pain perceived at a site adjacent to or far from the location of the provoking 

factor (Giamberardino et al., 2003). It has been also defined as “pain perceived in a region 

innervated by nerves other than those innervating the source of the pain”. It can be somatic 

or visceral according to the primary nociceptors site (Merskey et al., 1994).  

Mechanisms 

Despite of several hypotheses, up to now, there is no definitive consensus about the neural 

mechanisms responsible for the phenomena of referred pain. The following five mechanisms 

for referred pain are currently being discussed: convergent-projection, central sensitization, 

axon-reflex, hyperexcitability, and thalamic-convergence.  



5 
 

Convergent projection 

This is a regularly cited theory for the mechanism of referred pain. The theory proposes that 

visceral and somatic nerve fibers converge onto the same spinal cord segment. Because of 

this convergence, massive afferent pain current traveling along with the visceral fibers triggers 

action potentials in the somatic fibers. This mechanism leads to the perception of pain in the 

corresponding somatic area in the somatosensory cortex (Giamberardino et al., 2003). 

However, this theory has been criticized for different reasons. First, experimental pain 

stimulation of referred pain areas does not trigger pain currents in the visceral nerve fibers of 

the same segment. Second, referred pain does not start directly with the onset of visceral pain, 

and this delay cannot be explained by this theory. Lastly, the stimulation of visceral and 

referred pain needs different noxious intensities (Arendt-Nielsen et al., 2001) (Figure 2). 

 

 

 

 

 

 

Figure 2: Illustration of the convergent-projection theory. Somatic afferent (blue) and visceral afferent 

(red) fibers terminate on second-order neurons that convey their information to the thalamus (A). 

Collaterals from visceral afferent fibers (VA) may activate tract cells that usually transmit somatic 

afferent (SA) information (B). (from: Haines et al., 2018, p. 282) 
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Central sensitization 

This theory suggests that prolonged pain transmission via afferents arising from visceral 

organs decreases the excitability threshold of the neurons located in the central nervous 

system; thus, they become more responsive after repeated stimulation. This theory explains 

the delay of the onset of referred pain conception after visceral pain (Cervero et al., 2000) 

(Giamberardino et al., 2003).  

The Axon reflex theory 

This theory proposes that referred pain occurs because of the anatomical merit of some 

visceral nerves. It suggests that some visceral nerves are bifurcated; therefore, afferents from 

visceral organs stimulate somatic muscle nociceptors. The theory has been criticized 

because, similar to the convergent-projection theory, it does not explain the delay between 

visceral and its correlated referral pain (Arendt-Nielsen et al., 2001).  

Hyperexcitability theory 

The idea of this theory in explaining the referred pain phenomenon is because of stimulating 

concealed convergent afferents on the dorsal horn neuron. This stimulation only happens, 

when a massive barrage of visceral afferents occurs, which explains the delay in referred pain 

occurrence. The theory has been criticized because it depended on the experiments on 

unhealthy volunteers and animals. Besides, in animal experiments, referred pain started to 

occur after minutes of stimulation, which conflicts with the previously known period in humans, 

which is usually seconds (Arendt-Nielsen et al., 2001).  

Thalamic-convergence theory  

This theory proposes that visceral and somatic nerve fibers converge in the thalamus. For this 

reason, the summation of afferent pain current that travels along with the visceral fibers 

triggers the action potentials of the somatic fibers. Thus, it leads to the perception of pain in 

the somatosensory cortex in the somatic area (Arendt-Nielsen et al., 2001). 

1.1.4. Visceral referred pain and segmental signs and symptoms  

Visceral referred pain is a common presentation in the clinics and plays a vital role in the 

diagnosis of internal organ diseases (Giamberardino et al., 1999). It usually manifests as 

referred hyperalgesia or “tenderness areas” in the zone of referral. Referred hyperalgesia can 

be the only sign in some pathological conditions (Giamberardino et al., 1995). Additionally, it 

usually appears together with the first episode of visceral pain (Giamberardino et al., 2002). 

Besides, irritation of segmental nerves arising from visceral organs causes not only referred 

hyperalgesia but also sensory and motor changes in the somatic tissues of the same segment 

(Mackenzie, 1893). The regions of hyperalgesia and accompanying segmental changes play 
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an important role in the diagnosis of the affected visceral diseases (Hansen et al., 1962). This 

importance comes from the systematic relationship between the distribution areas of the 

aforementioned changes and the affected organs that have developed from the same somatic 

area in the course of organogenesis. 

During embryonic development, the middle layer of embryonic cells (mesoderm) forms into 44 

segments known as somites. While 13 of them regress, 31 pairs remain to give rise to 

dermatomes and myotomes (proliferates into muscles, e.g., cardiac, gut and tissues within the 

kidneys) and thus constitute the segmental pattern of the body (Christ et al., 1995, Wilms et 

al., 1991). Furthermore, the innermost layer of cells of an embryo (endoderm), that gives rise 

to the rest of the internal organs, split along the somite’s axis (Christ et al. 1995). On the other 

hand, somites define the segmentation of the spinal cord and control the migration of the 

peripheral nervous system precursor cells, so that they migrate only within the anterior half of 

each somite (Figure 3) (Krull et al, 1998).  

 

 

Figure 3: Segmented pathways for neural crest migration in the trunk region. The somites 

determine the anterior-posterior positions at which crest cells aggregate to form a dorsal root 

ganglion (DRG). The sclerotome is divided into anterior A (light grey) and posterior P (dark 

gray) halves. All parts of the peripheral nervous system are constrained to the anterior part of 

the somite that permits neural crest cells to migrate (arrows) (from Squire et al., 2013, p. 302). 
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By this mechanism, future nerve fibers and thus nervous currents of internal organs and other 

body structures (including dermatomes and myotomes), which have developed from the same 

somite, will travel to the same segment of the spinal cord. 

Therefore, visceral injuries present with diffuse signs and symptoms that involve not only the 

visceral and somatic tissues but also sympathetic and parasympathetic systems. This 

phenomenon has been classified into four forms of reflexes: Viscero-somatic, viscero-

sympathetic, somato-visceral, and viscero-visceral reflexes. Together, they constitute the 

segmental signs and symptoms of the human body (Wancura-Kampik, 2012, p 245-247) 

(Figure 4). 

 

 

 

 

 

Figure 4: Anatomical foundation of segmental signs and symptoms. Left: Segmental anatomy 

(from: Beal, 1985). Right: Typical distribution of segmental signs in heart problems taken from 

Hansen & Schliacks’ work (from: Hansen et al., 1962, p: 212) 

 

 

Referred hyperalgesia was first investigated by Ross in 1888 (Ross, 1888) and Sturge (Sturge, 

1888). These scholars were the pioneers of segmental signs and symptoms and were followed 

by Mackenzie and of Head at the turn of the 19th century (Bullowa, 1929). 

Mackenzie and Head found that referred hyperalgesia of internal organs spreads over the 

corresponding dermatomes and myotomes within groups of spinal cord segments. They were 

able to map the distribution of hyperalgesia with correlated segmental signs on a schema of a 

human body (Mackenzie, 1893, Head, 1895). Later, Head’s drawings have been widely 
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applied in the clinical field and in many European countries still cary the name of Head’s zones 

(Head, 1893) (Figure 5). 

 

 

 

Figure 5: Original illustration of Head’s zones (i.e. zones of referred hyperalgesia in visceral 

diseases) from Head’s original paper (Head, 1983). The right half of the body shows the entire 

zone (dermatome), while the left half shows so-called maximum points (i.e. the most intense 

areas of hyperalgesia) (From Beissner et al., 2011). 

 

Since the early days of Head and Mackenzie, many scholars have published results of one or 

more segmental signs in different organ diseases such as acute myocardial infarction 

(Nicholas et al., 1985), acute appendicitis (Morley, 1929) (Stawowy et al., 2002), acute 

cholecystitis (Morley, 1929), and ureteral calculosis (Giamberardino, 2002). Furthermore, 

about 40 years after Heads’ maps, Hansen and Schliack studied the incidence and distribution 

areas of referred hyperalgesia in combination with other viscero-somatic, viscero-sympathetic 

and viscero-visceral reflexes signs and symptoms (e.g. muscular defense, vasomotor 

changes, asymmetric posture, mydriasis, glossy eye) in patients with different visceral 

diseases. They found that each of the affected organs has its unique representations on the 

body surface by a group of segmental signs and symptoms that they tested. They drew their 

results on a human body outline similar to that by Head (Hansen et al., 1962) (Figure 4). 
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According to their results, differential diagnosis criteria have been suggested to define the 

more likely affected visceral organ. Since then, however, their results for the differential 

diagnosis have not been incorporated in the clinical routine (Wancura-Kampik, 2012, p: 258-

259). 

1.1.5. Pain assessment 

Since pain is a multidimensional and highly subjective experience, it is difficult to quantify and 

validate in the clinical setting. It is regarded as a symptom of an underlying condition or as a 

condition of its own.  

While researchers working with experimental pain can control stimulus intensity, duration, and 

modality, this is usually not possible in the clinical setting. For adequate medical treatment, 

however, it is compulsory to classify the reported pain. Hints to the correct pain diagnosis are 

given by a pain assessment looking at its intensity, distribution, and duration, as well as pain 

quality. Despite many new technological advances, however, objectification of pain is still an 

unsolved problem.  

At present, pain assessment depends on different methods, some of which are described in 

the following section. 

Anamnesis 

The first step in a patient’s pain approach is anamnesis taking. It consists of detailed and 

structured questions about the patient’s pain, including its location, duration, severity, nature, 

depth and accompanying symptoms, e.g., fever, nausea, and vomiting. Simple anamnesis 

taking depends mainly on the patient’s response and his oral explanation.  

Nonetheless, physicians face significant difficulties in evaluating patient’s pain according to 

only this simple approach. Those difficulties are caused mainly by the different explanations 

of the same sensation of pain among patients. Besides, diverse language abilities differ 

between patients, where a large proportion of patients does not have the appropriate words 

to express their complex sensation. Consequently, many patients fail to explain what they feel 

during pain episodes precisely. The language barrier between patients and physicians 

entangle physicians’ mission in understanding patients' pain well and thus reach the correct 

diagnosis. Therefore, more innovative approaches to pain assessment that can be applied as 

a part of clinical routine are always highly desirable. Different assessment tools have been 

devised to objectify the subjective phenomenon of pain, some of them were integrated into 

the oral anamnesis taking (e.g. NRS) while the others were used before seeing the doctor 

(e.g. McGill Pain Questionnaire). 
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Numeric rating scale (NRS) 

The numeric rating scale is a commonly used tool due to its simplicity and validity. By NRS, 

patients rate their pain from 0 (no pain) to 10 (worst pain) (Jensen et al., 1986). It can be 

obtained verbally, where the physician asks the patients to evaluate their pain intensity 

according to the scale, or by asking patients to circle the corresponding number with the pain 

that they are experiencing on a paper. In both ways, the NRS value guides physicians to make 

appropriate management to the patient's medical situation. Also, NRS has also a good 

correlation with other intensity measures of an individual patient’s conscious pain experience 

(Williamson et al., 2005, Jensen, 1986). 

However, by using the NRS scale, one dimension of pain, namely intensity, can be measured, 

where other essential pain dimensions, like duration, location, and quality are left out. 

Furthermore, this scale asks the patient to give a rating for “the worst pain imaginable”. This 

may confuse the patient who cannot imagine worse pain (Williamson et al., 2005). For this 

reason, more innovative approaches have been developed, including pain questionnaires and 

pain drawings. 

Pain questionnaires 

As an attempt to objectify pain, Melzack introduced in 1975 the McGill Pain Questionnaire 

(MPQ). It is the most widely used measure of pain and composed of three parts, each 

assessing one aspect of pain dimensions. The first part contains 72 descriptive adjectives of 

pain, including sensory and affective qualities of the patient's pain (Melzack, 1975). It also 

enables the patient to choose a ranking (none, mild, moderate, severe) for each pain adjective. 

The second part consists of a rating scale, in which the patient can record the intensity level 

of pain in general from “no pain” to “worst possible pain”. The third part serves a better 

description of the patient’s current location of the pain experience. It consists of a body manikin 

in which the patient can draw the distribution of his pain. It also enables patients to define the 

depth of their pain by choosing “E” for external and “I” for internal pain. 

One shortcoming of the McGill Pain Questionnaire is the fact that it takes a long time to be 

administered. However, it is a reliable and valid pain assessment tool to quantify pain and 

define specific types of pain syndromes (Williamson et al., 2005). 

Pain drawings (PD)  

Asking patients to draw their pain has been used for half a century to overcome the complexity 

of communicating a subjective sensation from patient to physician. This method has different 

names in the literature, the most common being pain drawing (PD). In a PD, the patient marks 

or shades the location of pain and related symptoms on an outline of the human body or parts 
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thereof. Different instruments have been used to obtain PDs, starting from pen-on-paper 

drawings (Palmer, 1948) and recently developing toward electronic PDs collected on tablet 

personal computers (PCs) (Alo et al., 1998, Boudreau et al., 2016, Ghinea et al., 2008, Jaatun 

et al., 2013). By using PDs, physicians can capture the intensity, localization, type, and 

distribution of their patients’ pain and extract meaningful information, such as pain area, 

average intensity, and widespreadness. 

Furthermore, PDs can be used to assess more than just pain, for example, discomfort 

drawings (Bertilson et al., 2003), general symptom drawings (Neubert et al., 2018) or 

sensation drawings as evidenced by the recent application of PDs in studies on emotions 

(Nummenmaa et al., 2014, García-Magariño et al., 2018). 

Numerous studies have been conducted to test the usability, reliability, and repeatability of 

PDs in chronic pain situations, such as shoulder pain, knee pain, back pain, and neck pain 

(Gioia et al., 1997), as well as in acute low back pain, whiplash disorder (Southerst et al., 

2013), or experimentally triggered pain (Leoni et al., 2016). Regardless of the method used, it 

has been proven that using PDs together with anamnesis and physical examination can aid 

the differential diagnosis in many pain situations. 

Electronic pain drawing 

Electronic health or eHealth technology offers many advantages for the health care system. 

Besides the possibility of reducing administrative and operative costs, electronic health record 

systems also reduce medical errors. This, together with the efficient sharing of health 

information increases the quality and efficiency of health care (Thimbleby et al., 2013). 

. Several studies have assessed their clinical utility. Southerst and colleagues were the first to 

show good to excellent inter-rater and inter-method-reliability of digitally acquired PDs 

(Southerst et al., 2013). In the same year, Jaatun and colleagues assessed user interactions 

with paper, computer and tablet PCs for the acquisition of PDs and reported a preference for 

tablet pain drawings, as based on patient opinions (Jaatun et al., 2013). Two years later, the 

same authors published the first set of guidelines for designing PD software interfaces for 

patients with physical or cognitive impairments (Jaatun et al., 2015). 

In 2016, a quantitative comparison between paper and tablet PC to collect PDs showed a high 

level of consistency and agreement (Boudreau et al., 2016). However, Jaatun found that, by 

using a tablet PC supplied with a special app that pain intensity together with the pain location 

are better assessed in frail patients. Additionally, this patient group had “a better interaction” 

with the tablet PC compared to paper. The portable and relatively large display touchscreen, 

which is supplied with an intuitive interface, ease pain assessment in hospitals and particularly 

for bedridden patients (Jaatun et al., 2013). 
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In summary, the transitions for acquiring PDs over the last two decades appear to mirror the 

commercialization of digital technologies such as graphics tablets, touch screens, and custom-

made computer programs. However, the driving forces for implementing these new 

technologies are to facilitate or automate methods for treating, diagnosing, or managing pain. 

Collectively, the assessment and results of these acquisition methods suggest that clinicians 

and researchers may choose either medium for acquiring PDs, and we expect to see more 

digital PD technology in the future that may lead to new and exciting basic, translational and 

clinical applications. 

1.2. Aims and objectives of the thesis 

In this thesis, we aim to test and further develop a new diagnostic tool for assessing pain and 

segmental signs that is based on a software application (“app”) designed for tablet PCs with 

an electronic pen. The app consists of a body outline that patients can use to draw the location, 

type, extent, and intensity of any bodily symptom they have. Alternatively, such drawings can 

be made by the physician based on the patient’s report and the physical examination findings. 

The drawing thus obtained can be used to determine a wide range of indices for each sign or 

symptom, including its localization, lateralization, maximum or average intensity, and more 

sophisticated measure, like widespreadness, and segmental (i.e. dermatomal) content.  

To explore future applications of electronic PDs, it is important to examine their potential role 

in clinical assessment and, thus, treatment. One way to achieve this is by evaluating if a pain 

specialist’s understanding of the patient improves after seeing the patient’s PD and to identify 

those specific characteristics of the drawings that had the most substantial impact on doctors’ 

understanding. Another important step is to identify major differences between PDs made by 

patients and those made by their treating doctors. 

However, choosing the right tools for the acquisition and analysis of electronic PDs is not an 

easy task given the huge body of literature that has been published on the topic. Therefore, a 

comprehensive review is required to assimilate the most important innovations and 

methodological milestones that have advanced the clinical and scientific application of PDs. 

This is even more necessary given the disturbing lack of consensus regarding methods for 

correct acquisition, analysis and interpretation of PDs. 

Finally, the assessment of pain requires a detailed history as well as a comprehensive physical 

examination. It is important to note that spontaneous pain originating from viscera is often not 

felt at the affected site but is instead referred to other somatic or visceral tissues with 

overlapping segmental innervation. Such pain signals most frequently manifest themselves in 

the form of referred segmental signs and symptoms. Therefore, using an electronic PD tool to 
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explore and compare bodily patterns of pain and segmental signs may give important 

information about which of them is more usefulness in differential diagnosis. 

 

Objectives of the thesis: 

 

1. Reviewing the literature concerning pain drawings to identify the best suitable methods 

for conception, data acquisition, analysis and data presentation of electronic pain 

drawings. 

2. Quantifying the diagnostic value of electronic PDs in acute pain situations. 

3. Identifying and quantifying the differences between electronic PDs made by patients 

and their treating physicians. 

4. Measuring the frequency and segmental distribution of referred signs and symptoms 

in different visceral organ diseases using electronic PDs. 

5. Comparing the segmental distribution of pain and segmental signs to decide, which of 

the two is better suited for differential diagnosis in visceral diseases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

2. Chapter 2: First study 

From Paper to Digital Applications of the 

Pain Drawing: Systematic Review of 

Methodological Milestones 

Shaballout N1,*, Neubert T1,*, Boudreau S2, Beissner F1,#. 

* equal contribution 

# corresponding author 

 

1 Somatosensory and Autonomic Therapy Research, Institute for Neuroradiology, Hannover 

Medical School, Hannover, Germany 

2 Center for Neuroplasticity and Pain (CNAP), SMI, Department of Health Science and 

Technology, Aalborg University, Denmark 

 

Contribution of all authors to the respective publication in these categories: 

Scientific or experimental design: N.S., T.N., F.B.  

Data collection: N.S., T.N. 

Analysis: N.S., T.N. 

Scientific writing: N.S., F.B. 

 

 

This paper has been published:  

Shaballout N, Neubert TA, Boudreau S, Beissner F. From Paper to Digital Applications of the 

Pain Drawing: Systematic Review of Methodological Milestones. JMIR Mhealth Uhealth. 2019 

Sep 5;7(9):e14569. doi: 10.2196/14569. Review. PubMed PMID: 31489841; PubMed Central 

PMCID: PMC6753689. 

 

 

 

 

 



16 
 

2.1. Abstract 

Background: In a pain drawing (PD), the patient shades or marks painful areas on an 

illustration of the human body. This simple yet powerful tool captures essential aspects of 

the subjective pain experience, such as localization, intensity, and distribution 

of pain, and enables the extraction of meaningful information, such as pain area, 

widespreadness, and segmental pattern. Starting as a simple pen-on-paper tool, PDs are 

now sophisticated digital health applications paving the way for many new and exciting basic 

translational and clinical applications. 

Objective: Grasping the full potential of digital PDs and laying the groundwork for future 

medical PD apps requires an understanding of the methodological developments that have 

shaped our current understanding of uses and design. This review presents methodological 

milestones in the development of both pen-on-paper and digital PDs, thereby offering insight 

into future possibilities created by the transition from paper to digital. 

Methods: We conducted a systematic literature search covering PD acquisition, conception 

of PDs, PD analysis, and PD visualization. 

Results: The literature search yielded 435 potentially relevant papers, from which 53 

methodological milestones were identified. These milestones include, for example, the grid 

method to quantify pain area, the pain-frequency maps, and the use of artificial 

neural networks to facilitate diagnosis. Conclusions: Digital technologies have had a 

significant influence on the evolution of PDs, whereas their versatility is leading 

to ever new applications in the field of medical apps and beyond. In this process, however, 

there is a clear need for better standardization and a re-evaluation of methodological and 

technical limitations that no longer apply today. 

 

Keywords: Digital pain drawings; Pain charts; Pain maps; Pain body maps; Pain diagrams, 

Mobile health; Medical apps 
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3.1. Abstract 

Background: Pain drawings are an important tool to evaluate, communicate, and objectify 

pain. In the past few years there has been a shift toward tablet-based acquisition of pain 

drawings and several studies have been conducted to test the usefulness, reliability and 

repeatability of electronic pain drawings. However, to our knowledge, no study has investigated 

the potential role of electronic pain drawings in the clinical assessment and treatment of 

inpatients in acute pain situations. 

Objectives: The aim of this study was to evaluate, if knowledge of the patients’ electronic pain 

drawing has the potential to improve the doctors’ understanding of their patients and to 

influence their clinical decision making. Furthermore, we sought to identify differences between 

electronic pain drawings of patients and their treating pain specialists in an acute pain situation 

and to find those specific characteristics derived from the pain drawings that had the largest 

impact on doctors’ understanding. 

Methods: We obtained electronic pain drawings from 47 inpatients in acute pain situations 

before their consultation with a pain specialist on a tablet personal computer (PC) with stylus. 

Before looking at their patients’ drawings, these specialists drew their own conception of the 

patients’ pain after anamnesis and physical examination. Patients’ drawings were then 

revealed to the doctors and they were asked to evaluate, how much the additional information 

improved their understanding of the case and how much it influenced their clinical decision on 

an 11-point Likert scale (0 = ”not at all”, 10 = “very much”). Similarities and differences of 

patients’ and doctors’ pain drawings were assessed by visual inspection and by calculating 

Jaccard index and intraclass correlation coefficient (ICC) of the pain area and the number of 

pain clusters. Exploratory analyses were conducted by means of correlation tables to identify 

specific factors that influenced doctors’ understanding. 

Results: Patients’ pain drawings significantly improved the doctors’ understanding (mean 

score: 4.81, SD 2.60, P < .001) and to a lesser extent their clinical decision (2.68, SD 1.18, P 

< .001). Electronic pain drawings of patients and doctors showed fair to good similarity for pain 

extent (0.59 < ICC < 0.74) and poor to fair similarity for the number of pain clusters (0.40 < 

ICC < 0.59). Visual inspection of discrepancies revealed frequent differences in cluster size up 

to complete missing of clusters. Exploratory analysis showed that pain area (r = 0.454, P = 

.001) and widespreadness (r = 0.447, P = .002) were important factors helping doctors to 

understand their patients. 

Conclusions: In a clinical setting electronic pain drawing can improve doctors’ understanding 

of patients in acute pain situations. The ability of electronic pain drawings to visualize 

differences between doctors’ and patients’ conception of pain has the potential to improve 

doctor-patient communication. 
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4.1. Abstract 

Aims: This study aimed to investigate the lateralization and bodily patterns of segmental signs 

and spontaneous pain in acute visceral diseases. 

Methods: We recruited 208 patients from the emergency room of Hannover Medical School 

that were presenting for acute medical problems. All patients underwent a structured 10-minute 

bodily examination to test for various segmental signs, including sensory-motor signs, like 

allodynia, hyperalgesia, skin resistance, and muscular defence, as well as autonomic signs, 

like anisocoria, anisohydrosis, and vasomotor changes. Patients were further asked for 

spontaneous pain and typical symptoms of viscero-visceral reflexes, such as nausea, 

constipation, and urinary retention. Pain and distributed segmental signs were collected as 

digital drawings on a tablet-PC app specifically designed for this purpose. Patients were 

followed up until a final diagnosis could be made and subsequently divided into groups 

according to the main affected organ. Using methods from statistical image analysis, we then 

calculated average distributions of spontaneous pain and segmental signs for the organs heart, 

lungs, stomach, liver/gallbladder, and kidneys/ureter analyzing their segmental content and 

lateralization. 

Results: In the 110 patients with a single affected organ 85 had spontaneous pain and 81 

showed at least one segmental sign, the most frequent being superficial hyperalgesia (n=46), 

muscle resistance (n=39), and mydriasis (n=37). For the heart, stomach and liver/gallbladder, 

the majority of segmental signs were detected homolateral to the affected organ with an 

unexpectedly high number of patients showing homolateral mydriasis as a sign of sympathetic 

activation. In contrast, spontaneous pain was distributed along the body midline and included 

fewer segments. 

Conclusion: 

The present study underlines the usefulness of including segmental signs in the bodily 

examination of patients with acute medical problems. Segmental information and lateralization 

may help to narrow the number of possible causes before more sophisticated test results can 

be obtained. 
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4.2. Introduction 

The differential diagnosis of acute visceral diseases is a common but challenging clinical 

problem. Since pain originating from visceral organs often exhibits characteristic patterns 

(Bennet et al. 1966, Henderson et al. 1978, Berger et al. 1990, Giamberardino et al. 1997, 

Yamamoto et al. 1997, Kalloo 2002, Bates et al. 2013, Wilson et al. 2013), many textbooks 

assign pain location a discriminative role in differential diagnosis. However, many studies have 

also reported negative results when testing the predictive power of pain location (Eriksson et 

al. 1994, Everts et al. 1996). For example, pain of patients with coronary heart disease (CHD) 

does not significantly differ from non-CHD chest pain patients (Bösner et al. 2013). 

A related but much less known phenomenon in acute visceral diseases are segmental signs 

and symptoms (Head 1893, 1894, 1896, Mackenzie 1893, Sherren 1903, Elsberg et al. 1908, 

Langstroth 1915, Bullowa 1929, Bolton 1934, Boas et al. 1938, Brown 1942, Kennard et al. 

1955, Schliack 1966, Ness et al. 1990, Wancura-Kampik 2012, Roumen et al. 2017). Here, 

pain signals from visceral organs are referred to other somatic or visceral tissues with 

overlapping segmental innervation. Such pain signals most frequently manifest themselves in 

the form of referred hyperalgesia of the skin, a phenomenon first described by Ross and Sturge 

in the 1880s (Sturge 1883, Ross 1888) and subsequently studied in depth by Head and 

Mackenzie (Head 1893, 1894, 1896, Mackenzie 1893). Head mapped out the cutaneous zones 

of referred hyperalgesia for all major organs and checked them against the location of skin 

lesions in herpes zoster (Head 1893). The result is still considered one of the most precise 

maps of segmental innervation (Lee et al. 2008, Hansen et al. 1962). 

To the present-day zones of referred hyperalgesia in visceral disease carry Head’s name in 

many European countries, such as France, Germany, and Spain. In other parts of the world, 

however, the term “Head’s zones”, as well as Head’s work in general, is hardly known. Some 

authors even speak of segmental anatomy a “wrongly forgotten science” (Wancura-Kampik 

2012). Still less known is the fact that referred signs are not limited to hyperalgesia of the skin 

but instead show a plethora of manifestations, including sensory disturbances, like allodynia, 

and deep hyperalgesia (also known a Mackenzie’s zones), motor disturbances, like increased 

resistance of the skin, muscular defence, and resistance to passive joint movement, and signs 

of sympathetic activation, like vasomotor changes, anisohydrosis, piloerection, and even 

anisocoriasis. Furthermore, segmental signs may be accompanied by symptoms of viscero-

visceral reflexes, such as nausea, vomiting, diarrhea, constipation, meteorism and urinary 

retention. 

To our knowledge, a systematic evaluation of simultaneously collected segmental signs and 

symptoms in patients has never been published in English scientific literature. In Germany, 

however, Karl Hansen (1893–1962) and Hans Schliack (1919–2008) have studied the wide 

variety of segmental signs over several decades. While their results have only been published 
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in German (Hansen et al. 1962), the essence of their work has recently been made available 

in book form and extended by the work of other clinicians (Wancura-Kampik 2012). In a large 

sample of internal medicine patients, Hansen and Schliack confirmed many of Head’s 

observations and greatly extended them to include all of the above-mentioned segmental signs 

and symptoms (Hansen et al. 1962). Even more than Head, the authors emphasized the 

importance of sign lateralization by defining a side rule according to which segmental signs 

are most likely to appear homolateral to the affected organ (Suppl Table 1). 

A methodological problem, which has hampered clinical research on segmental signs for a 

long time, is the difficulty in adequately measuring physical signs. However, recent 

developments in the field of digital pain drawings offer new and exciting possibilities to 

systematically record segmental signs and analyze them using methods of statistical image 

analysis (Shaballout et al., 2019). 

Here, we report the results of a descriptive study to investigate both the bodily patterns and 

lateralization of segmental signs and spontaneous pain in acute visceral diseases. Our aim 

was to derive average distributions of spontaneous pain and segmental signs for as many 

internal organs as possible and to analyze their segmental content and lateralization. To 

achieve this, we combined digital pain drawing technology and a structured 10-minutes bodily 

examination in patients presenting to the emergency room. 

4.3. Methods 

4.3.1. Ethics 

The study was approved by the Ethics Committee of Hannover Medical School (#2987-2017) 

and was conducted under the Declaration of Helsinki. All patients gave written informed 

consent after being informed about the purpose of the study.  

4.3.2. Study population 

Our study population consisted of patients from the emergency department of Hannover 

Medical School, who were referred to the internal medicine physicians. Eligible patients were 

adults (age ≥ 18 years in Germany) presenting with an acute medical problem and with the 

ability to give written informed consent. Furthermore, patients needed to be oriented as to 

place, time, and person. Exclusion criteria comprised refusal or inability to give written consent, 

previously known or acutely diagnosed spinal cord injury, pregnancy, acute or past illnesses 

which (in the investigator's opinion) could negatively affect the outcome of the study (e.g. 

known ocular or peripheral nervous disease), uncooperative patients, and patients who only 

presented to the emergency room for educational purposes or to receive a prescription. For a 

flow-chart, see Figure 1. 
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We recruited 208 patients (86 women) for participation in our study. Nine drawings were lost 

due to technical failure of a tablet PC during the physical examination. The characteristics of 

the final study population can be found in Table 1. 

 
Figure 1: Flow-chart of the study. 

 

Table 1. Demographics of the study population a,b 

Age (years), mean (SD) 57.26 (17.2) 

Age range, n (%)  

18-39 34 (17.1) 

40-59 66 (33.2) 

60-79 80 (40.2) 

80+ 19 (9.5) 

Women, n (%) 85 (42.7) 

The main complaint, n (%)  

Chest pain 88 (44.2) 

Abdominal pain 55 (27.6) 

Dyspnea 22 (11.1) 

Other 34 (17.1) 

aSD, standard deviation 
bData are mean (SD) or n (%) unless otherwise specified. 
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4.3.3. Procedures 

All clinical data were collected by two of the authors (AA and NS), henceforth called examiners. 

AA is an internal medicine specialist, NS a physician with four years of training for internal 

medicine specialization. Both were fully informed about the study purpose and had been 

trained to do the physical examination for segmental signs and symptoms according to the 

precise protocol described below. 

During recruitment, the examiners screened the emergency dashboard to choose patients who 

were referred to internal medicine specialists. They approached all eligible patients and 

informed them about the study purpose, methods of examination and duration. Patients were 

then asked for participation and eventually gave written informed consent. 

Examination took place before primary pain treatment and lasted between 7 and 15 minutes 

depending on the patient’s compliance and interruptions by nurses and physicians. Directly 

after the physical examination, all findings were recorded on a tablet computer running the app 

“SymptomMapper” (see below). 

4.3.4. Categories of findings 

The clinical findings we were interested in, can be divided into three groups according to 

ways they were recorded: 

1. Distributed findings (i.e. those with a bodily pattern). These were spontaneous pain, 

allodynia, superficial hyperalgesia, deep hyperalgesia, superficial skin resistance, 

muscle resistance, defense, anisohydrosis, piloerection, vasomotor changes, herpes 

zoster, and resistance to passive movement of the limbs. Distributed findings were 

recorded by the examiners in the form electronic drawings on a body template thus 

capturing their exact location and extent. 

2. Lateralized findings (i.e. those without a bodily pattern but with a clear lateralization). 

These were mydriasis, glossy eye, eyelid separation, tense facial muscles, 

asymmetric posture, and reduced respiration movements. Lateralized findings were 

recorded by choosing from a list of all possible findings in conjunction with a side 

label (e.g. “glossy eye right”, “mydriasis left”, etc.). 

3. Other findings. These were the symptoms potentially related to organ-organ reflexes: 

nausea, vomiting, constipation, diarrhea, meteorism, and urinary retention. Other 

findings were recorded by choosing from a simple list of all possible findings. 

4.3.5. Tablet computer and software application 

All findings were recorded on Galaxy Note 10.1 (2014) tablet PCs with an electronic stylus 

based on inductive digitizing technology (Samsung, Seoul, South Korea). The tablets had a 

10.1-inch touch screen with a resolution of 800×1280 pixels and were running Android 5.1.1 
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(Open handset alliance, Mountain view, CA, USA). The stylus was used for all data entry, 

hence allowing for a higher resolution while eliminating unwanted activation of the screen, for 

example, by the palm. Tablet and stylus were disinfected after every patient using wipe 

disinfection. 

We used a modified version of the SymptomMapper app developed by our group to acquire 

electronic pain drawings (Neubert et al., 2018). Its usability for doctors and the reliability of its 

symptom drawing approach have recently been shown (Neubert et al., 2018). The app allowed 

the examiners to quickly enter all findings from the bodily examination. They could either draw 

distributed findings on a body template or choose from a list of lateralized or other findings. For 

the electronic drawings, examiners had a front and back view of the body available and each 

newly added sign or symptom was displayed in a semi-transparent way and in a different color.  

4.3.6. Bodily examination 

Our approach to the bodily examination was entirely based on Hansen and Schliack (Hansen 

et al., 1962, p. 140-176). Its main purpose was to check for the presence of pain and segmental 

signs and symptoms, and to record their extent and lateralization. The individual steps of the 

examination were carried out in a fixed order. 

 

1. Asymmetric posture: 

General inspection of the patients’ posture was carried out directly after entering the 

examination room to check side differences in muscle tone. 

2. Pain and segmental symptoms: 

These were collected by asking patients the following questions:  

a. Do you have pain? Where exactly? Do you have a headache? 

 In case the patient reported pain, the painful region was drawn on  

b. Do you have nausea? Did you vomit since the onset of symptoms? 

c. Do you have diarrhea? Constipation? 

d. Do you feel that your abdomen is full of gases? 

e. Did you have any problem with urination since the onset of symptoms?  

3. Distributed segmental signs were collected in the same way for different body regions.  

a. Visual inspection: The skin of the body region was visually inspected for the 

following signs: 1. shingles (as a potential sign of Zoster reactivation), 2. 

vasomotor changes, i.e. changes of skin color to the red, pale, or blue (as a 

sign of sympathetic reflexes), 3. pilorerection, i.e. any hair erection or “goose 

bumps” (as a sign of sympathetic reflexes). 
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b. Palpation: The body region was palpated with warm hands to test for the 

following signs of sympathetic reflexes, increased muscle tone or sensory 

disturbance:  

i. Anisohydrosis: The skin was observed and palpated for any local 

differences in the amount of sweating . 

ii. Superficial hyperalgesia: The patient was informed that the examination 

could cause a little twinge. Then he or she was asked if the tip of a 

neurological examination needle (Healthstar, Lakewood, NJ, USA) 

passed vertically over the skin in long and slow strokes, caused a 

different sensation in any area. 

iii. Deep hyperalgesia: For this test, folds of skin were held gently between 

thumb and index finger or the region was tapped on. The test was 

considered positive, if this procedure caused dull pain that lasted longer 

than in other parts of the body. 

iv. Allodynia: The patient was asked if his or her clothes caused an 

unpleasant sensation somewhere on the body. Then he or she was 

asked if a medical cotton swab passed over the skin in long and slow 

strokes, caused a different sensation in any area. 

v. Superficial skin resistance: This was tested by superficial palpation of 

the trunk skin using the palm with very soft pressure. If the examiner felt 

either resistance or a feeling like a rubber membrane in any area, the 

test was considered positive in this area. 

vi. Muscle resistance: Deep palpation of the trunk wall was done on the 

front and back sides with the palm to detect the guarding of the trunk’s 

wall muscles . 

4. Head: 

a. Special tests:  

i. Pupils: To test for mydriasis as sign of sympathetic activation, both eyes 

were equally exposed to light, and the patient had been instructed to 

relax and look far away. The examiner used one hand to shadow the 

eyes and compared pupil diameter on both sides. This was repeated 3-

5 times. In case of a striking side difference, the test was considered 

positive for mydriasis.  

ii. Eyes/eyelids: Eyelid separation and eye gloss, both signs of 

sympathetic activation, were assessed by comparing the visible area 

and gloss of both eyes. In case of a striking side difference, the more 

open and glossier eye was noted. 
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iii. Tense facial muscles: This test checked for potential asymmetry of the 

facial features caused by side differences in muscle tone. It was 

considered positive, when the upper lip was noticeably higher, the 

nasolabial fold deeper and the cheeks more retracted on one side than 

on the other. The test was repeated once under provocation by applying 

pressure on “Mussy’s point” between the two heads of the 

sternocleidomastoid muscle. 

b. Distributed segmental signs tested: zoster, vasomotor changes, piloerection, 

anisohydrosis, superficial hyperalgesia, allodynia, and superficial skin 

resistance (see above for details). 

4. Neck and chest:  

The patient was asked to free the chest. The examination was done on the front with 

the patient supine and repeated on the back with the patient sitting or lying on one side. 

a. Special tests:  

i. The patient’s chest movement during inspiration and expiration was 

observed during visual inspection and any striking side differences 

noted as a sign of increased muscle tone.  

b. Distributed segmental signs tested: zoster, vasomotor changes, piloerection, 

anisohydrosis, superficial hyperalgesia, deep hyperalgesia, allodynia, 

superficial skin resistance, and muscle resistance (see above for details).  

5. Abdomen:  

The patient was asked to free the abdomen. The examination was done on the front 

with the patient supine and repeated on the back with the patient sitting or lying on one 

side. 

a. Special tests: 

i. Defense was examined by applying a sudden deep palpation over the 

painful areas. If the examiner felt a reflex of the abdominal wall it was 

considered positive. 

b. Distributed segmental signs tested:  (see above for details). 

6. Limbs:  

a. Special tests:  

i. Passive movements of the joints were done to detect any resistance due 

to increased muscle tone. 

a. Distributed segmental signs tested: zoster, vasomotor changes, piloerection, 

superficial hyperalgesia, and allodynia (see above for details). 
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4.3.7. Patient selection 

Medical records of all recruited patients were followed up through Hannover Medical Schools’ 

electronic archive by three of the authors (NS, AA, and MM) to identify those patients with a 

clear diagnosis of visceral disease. All information regarding the acute complaint, previous 

diagnoses, and diagnostic procedures (electrocardiogram, laboratory, radiology, etc.) were 

reviewed, and the most likely etiology for each patient discussed. Patients without a clear 

visceral diagnosis were excluded from further analysis (n=50). The remaining cases were 

divided into those where a single organ was affected (n=110) and those with multi-organ 

problems (n=39). Only the former were included in the final analysis, and only organs with at 

least four patients were included in any organ-specific analyses. 

4.3.8. Data analysis 

Lateralized and other findings 

We extracted all lateralized findings (mydriasis, glossy eye, eyelid separation, tense facial 

muscles, asymmetric posture, and reduced respiration movements) and other findings 

(nausea, vomiting, constipation, diarrhea, meteorism, and urinary retention) from 

SymptomMapper’s json files using a custom-written Python script (Python 2.7, Python 

Software Foundation, 2018). We then calculated for each organ and each finding the 

percentage of patients that had shown it. For lateralized findings we calculated the percentage 

for each side. Front and back were treated as one area. Finally, we calculated the frequency 

of each finding over all organs. 

Distributed findings 

Digital drawings from the app were converted to Nifti format (Neuroimaging Informatics 

Technology Initiative, 2017) with a custom-written Python script (Python 2.7, Python Software 

Foundation, 2018) and analyzed using tools from FMRIB Software Library (FSL) version 5.0 

(FMRIB Analysis Group, Oxford University, UK). Figures were prepared using VINCI 4.86.0 

(Max Planck Institute for Metabolism Research, Cologne, Germany) and GNU Image 

Manipulation Program version 2.8.16 (GIMP, The GIMP Team). 

Distributed signs were first analyzed individually to derive the bodily map for each sign. This 

was followed by a joint analysis of all signs. For the latter, all distributed signs were 

superimposed using FSLMERGE and the result binarized using FSLMATHS. In the resulting 

map, a non-zero pixel on the body template meant that at least one sign had been found at 

that particular point on the body in that particular patient. Binarization meant that we 

disregarded the number of signs that each patient showed and instead looked only at their 

bodily location. Spontaneous pain was analyzed in the same way, but separately from all other 

signs. We then calculated average maps of spontaneous pain and segmental signs for each 
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organ by the same approach but without binarization. The organ-specific maps were 

thresholded at ten percent overlap to improve color-coded using a heat map color palette, 

where warmer colors indicated a higher degree of overlap between patients.  For orientation, 

we also calculated the frequency of each sign over all organs. 

To assess the segmental content of the findings, we decomposed the maps of all patients into 

segments according to Hansen and Schliack’s scheme, which is largely based on Head (Head 

1893, Hansen and Schliack 1962). For each segment, we calculated the percentage of 

segmental area covered by each sign and spontaneous pain, respectively. This was done by 

dividing the pixel count by the total number of pixels of the respective segment on the body 

outline. To assess the lateralization of findings, we further divided segments into left and right 

body halves, calculating the percentage of area covered for each. Once again, front and back 

were treated as one area and a ten percent threshold was applied. 

4.4. Results 

4.4.1. Overall frequency of signs and symptoms 

Of the 110 patients of our final sample, 85 had spontaneous pain, while 81 showed at least 

one segmental sign, and 52 at least one segmental symptom. On average, each patient had 

1.80±1.86 (mean±SD) segmental signs and 0.77±1.00 segmental symptoms. The most 

frequent signs and symptoms are shown in Table 2. 

 

Table 2. Frequency of segmental signs and  

symptoms in our patient sample (n=110). 

Segmental signs n 

Superficial hyperalgesia 46 
Muscle resistance 39 
Mydriasis 37 
Defence 13 
Deep hyperalgesia  13 
Superficial skin resistance 12 

Tense facial muscles 11 
Vasomotor changes 10 
Glossy eye/wide eyelid 8 
Asymmetric posture 7 
Reduced respiration 
movements 

3 

Allodynia 2 
Piloerection 1 
Anisohydrosis 1 
Zoster 0 
Any sign 84 

Segmental symptoms n 
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Nausea 45 
Vomiting 18 
Diarrhea 10 
Meteorisms 8 
Constipation 5 
Urinary retention 0 
Any symptom 52 

Spontaneous pain 85 
 

4.4.2. General considerations on lateralization 

According to Hansen and Schliack, the majority of segmental signs are lateralized and appear 

on specific sides of the body defined by the innervation of the individual organs (see Suppl 

Table 1). In particular, the lateralization of signs for paired organs, such as lungs and kidneys, 

depends on which side is affected. Due to the nature of our study, it was not possible to conduct 

separate analysis for the left and right side in diseases of the lungs and kidneys/ureters. 

Furthermore, especially in our lung cases, many of them were bilateral affections. Any 

information about the lateralization of segmental signs is therefore of little value for these 

organs and is only shown for the sake of completeness. 

4.4.3. Frequency of lateralization signs and symptoms 

All lateralization signs and segmental symptoms are shown in Suppl Figure 1. As predicted, 

the majority of lateralization signs were detected homolateral to the affected organ for the 

heart, stomach and liver/gallbladder. The most striking finding was the high number of patients 

showing homolateral mydriasis as a sign of unilateral sympathetic activation. This lateralization 

was 100 percent correct for diseases of the liver/gallbladder (5 right vs. 0 left), 100 percent 

correct for stomach diseases (1 left vs. 0 right), and 83 percent correct for heart diseases (15 

left vs. 3 right). 

4.4.4. Bodily maps and segmental patterns of distributed signs 

The segmental distributions of all distributed signs are shown in Figure 2 for the chest organs 

and in Figure 4 for the abdominal organs. Average maps of the segmental distribution of signs 

on the body are shown in Figure 3 for the chest organs and in Figure 5 for the abdominal 

organs. 

For the heart, segmental signs were mostly located in the thoracic segments and to a lesser 

extent in cervical and trigeminal segments. In terms of lateralization, superficial skin resistance, 

muscle resistance and deep hyperalgesia were clearly left lateralized, while superficial 

hyperalgesia was rather symmetric (Figure 2). The comparison of the averaged map with that 
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by Hansen and Schliack showed a high similarity. In particular, the maximum of signs in 

segments T3-5 was nicely replicated (Figure 3A-C). 

The segments showing signs in diseases of the lung were very similar to that of the heart but 

extended slightly lower (Figure 2, Figure 3D-F). Signs were generally less focused than for 

the heart. Lateralization will not be discussed due to non-uniform lateralization of the organ 

affections. 

 

Figure 3: Segmental patterns of distributed signs and spontaneous pain in patients with 

diseases of the chest organs. 
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Figure 4: Average maps showing the joint distribution of segmental signs on the body for 

diseases of the chest organs. A-C: Heart. D-F: Lungs. Brighter colors reflect areas of more 

frequent overlap. For comparison, the segmental charts by Hansen and Schliack are shown 

in inserts B and E (Hansen et al., 1962).  

 

For the stomach, the segmental distribution was strictly thoracic from T2 to T12 (Figure 4). In 

contrast to the heart, superficial hyperalgesia for the stomach was clearly lateralized to the left 

as predicted. The comparison with Hansen and Schliack showed that the maximum of signs 

in T6-9 fell into the predicted range in the front view (Figure 5A-C). On the back, however, 

there was only a partial overlap. 

The similarity with Hansen and Schliack was much higher for patients with liver/gallbladder 

diseases. Here, segmental signs showed a largely thoracic distribution but with the 

characteristic shoulder presentation in segments C3-C5 (Figure 5D-F). In terms of 

lateralization, muscle resistance, defense, superficial and deep hyperalgesia were 

predominantly right lateralized. Deep hyperalgesia even showed a 100 percent lateralization 

to the right (Figure 4). 

Finally, segmental signs of the kidneys had the narrowest distribution starting below T5 and 

extending down to L2, once again showing rather high similarity with the predicted distribution 

by Hansen and Schliack (Figure 5G-I). 
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Figure 5: Segmental patterns of distributed signs and spontaneous pain in patients with 

diseases of the abdominal organs. 
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Figure 6: Average maps showing the joint distribution of segmental signs on the body for 

diseases of the abdominal organs. A-C: Stomach. D-F: Liver/gallbladder. G-I: Kidneys/ureters. 

Brighter colors reflect areas of more frequent overlap. For comparison, the segmental charts 

by Hansen and Schliack are shown in inserts B, E, and H (Hansen et al., 1962). 

4.4.5. Comparison of spontaneous pain and segmental signs 

The segmental distributions of spontaneous pain and segmental signs are shown in Figure 7. 

It was obvious that spontaneous pain differed markedly from segmental signs. Firstly, it 

spanned fewer segments. Secondly, it showed a much weaker lateralization and was rather 

localized in the body mid line. The only exception from this rule were diseases of the 

liver/gallbladder, where pain and segmental signs shared the same right-lateralization. 
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Figure 7: Direct comparison between the joint distribution of segmental signs (left) and 

spontaneous pain (right) for the different organs. Except for the liver/gallbladder, spontaneous 

pain spanned fewer segments and showed a much weaker lateralization that segmental signs. 
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4.5. Discussion 

In this study, we investigated bodily patterns and lateralization of segmental signs and 

spontaneous pain in acute visceral diseases. We derived average distributions of spontaneous 

pain and segmental signs for the heart, lungs, stomach, liver/gallbladder, and kidneys/ureters 

by combining digital pain drawing technology and a structured 10-minute bodily examination 

in patients presenting to the emergency room. We then extracted precise information on the 

segmental content and lateralization and compared the results to the slightly outdated but 

authoritative work of Hansen and Schliack (Hansen et al. 1962). Although purely descriptive 

by design, our study is the first in the English language to give a detailed account of 

simultaneously collected segmental signs and symptoms for visceral diseases in the clinical 

setting. 

4.5.1. Lateralization of segmental signs 

The importance of the lateralization of segmental signs lies in the possibility to quickly identify 

the affected body side, i.e. the side hosting the affected organ (Supplementary Table 1). Such 

side rule may be useful in differential diagnosis, such as in differentiating gastritis from 

hepatitis, or pancreatitis, or acute coronary syndrome from pulmonary embolism, or 

esophagitis. Due to our study design and the very mixed patient sample, our results regarding 

lateralization are limited to the heart, stomach, and liver/gallbladder. Although segmental signs 

of the lungs and kidneys/ureters are also expected to be found homolateral to the affected 

side, a separate analysis for the individual sides was not possible for these organs due to the 

limited number of cases, many of whom showing bilateral affections. 

Although our data were not analyzed prospectively, it seems safe to say that for heart, 

stomach, and liver/gallbladder they support the findings of Hansen and Schliack that 

segmental signs appear homolateral to the affected organ (Hansen et al. 1962). While this 

lateralization is obvious for the averaged bodily maps of distributed signs (Figure 4A+C, 

Figure 6A, C, D, F), we also found it for anisocoria (i.e. homolateral mydriasis), a finding rarely 

raised outside the neurological setting. It results from a reflex mediated by the ciliospinal 

center, which conducts impulses from the entire body to the sympathetically innervated dilator 

pupillae muscle (Wancura-Kampik 2012, p.271) and has first been described to occur in 

affections of the lungs  (Roque, 1869) and the heart (Gibson, 1905) more than a hundred years 

ago. 

We found right-sided mydriasis in 42 percent of our liver/gallbladder patients and not a single 

case of left-sided mydriasis. For the heart, mydriasis was less frequent (24 per cent left-sided 

vs five per cent right-sided), yet this means that patients showing the sign, had it on the 

homolateral side in almost 83 per cent of the cases. Hansen and Schliack report qualitatively 

similar but generally higher numbers for mydriasis. In their sample of 28 heart patients, 27 (i.e. 
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96 per cent) had mydriasis that was homolateral in 26 patients (i.e. 96 per cent). In 56 

liver/gallbladder patients, 54 (i.e. 96 percent) had mydriasis, of which 50 cases (i.e. 93 percent) 

were homolateral (i.e. right sided). 

The generally higher numbers of mydriasis in heart diseases found in Hansen and Schliack’s 

work may be explained by the fact that these authors used dark adaptation and infrared 

photographs in many of their patients, while our examiners were restricted to visual inspection. 

Clinicians interested in this phenomenon should consider using a portable infrared 

pupillometer. 

4.5.2. Localization and distribution of segmental signs 

In addition to lateralization, a subset of the findings collected in our study were also analyzed 

to extract detailed segmental information. We called this group “distributed signs”, and they 

comprised a number of somatosensory (superficial hyperalgesia, deep hyperalgesia, 

allodynia), somatomotor (superficial skin resistance, muscle resistance, defense), and 

visceromotor signs (vasomotor changes, piloerection, anisohydrosis). Of these, superficial 

hyperalgesia (i.e. Head’s zones), muscle resistance, defense, and deep hyperalgesia (i.e. 

Mackenzie’s zones) were most frequently observed in our sample of patients. These are the 

signs that clinicians should pay most attention to, when using segmental signs for their 

diagnosis, while others, like allodynia, piloerection, anisohydrosis, or zoster were exceedingly 

rare. 

Once again, we found our findings to support those by Hansen and Schliack in that there was 

a close similarity between the original maps of segmental signs by these authors and our 

averaged maps of all distributed signs (Figure 4+6). For a prospective evaluation, however, 

future studies should aim to quantify this similarity, e.g. by using spatial similarity measures. 

Individual segmental signs or groups of signs have also been studied by several other groups 

since the days of Hansen and Schliack. For example, Nicholas and colleagues found that 

patients with myocardial infarction showed characteristic paravertebral soft tissue changes 

readily detected by palpation. Compared to a control group, patients with myocardial infarction 

had a significantly higher incidence of increased firmness, warmth, ropiness, oedematous 

changes, and heavy musculature, almost entirely confined to segments T1-4 (Nicholas et al., 

1985). In a follow-up three years after the infarction, these signs had regressed in the majority 

of patients (Nicholas et al., 1991). Vecchiet and colleagues investigated superficial and deep 

hyperalgesia of the L1 segment in patients after renal/uretral calculosis finding that pain 

thresholds were lower on the affected side with respect to both the contralateral side and 

control thresholds recorded in normal subjects (Vecchiet et al., 1989). 

For the gallbladder, Stawowy and colleagues found that all patients with acute cholecystitis 

reported referred pain in the epigastrium and under the right curvature. Segmental signs inside 
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this area were quantitatively evaluated using vonFrey hairs, warm and cold metal rollers, and 

a constant current stimulator to test for the different forms of hypersensitivity or allodynia. The 

authors reported that 20 per cent of the patients showed hypersensitivity or allodynia to 

mechanical, 53 per cent to cold, 40 per cent to warmth, and 63 per cent to electrical stimulation 

(Stawowy et al., 2004). The same authors reported, that 50 to 56 per cent of patients with 

acute appendicitis showed segmental signs over the right abdominal quadrant, with the 

maximum located approximately at McBurney’s point (Stawowy et al., 2002). These findings 

were recently confirmed by Roumen and colleagues, who reported that 39 per cent of patients 

with acute appendicitis demonstrated at least one segmental sign (hyperalgesia, hypoesthesia, 

altered cool perception, positive pinch test) over the lower right abdomen (Roumen et al., 

2017). Finally, a large number of smaller studies and case reports haven been published, many 

of them from the osteopathic profession, and have been reviewed by Beal (1985). 

4.5.3. Segmental signs vs spontaneous pain 

The majority of our patients with visceral diseases reported spontaneous pain (Table 2). With 

77 per cent of the cases, it was by far the most frequent finding, followed by superficial 

hyperalgesia (42 per cent), nausea (41 per cent), and muscle resistance (35 per cent).  

Many textbooks assign pain location a discriminative role in the differential diagnosis, however, 

such predictive power of pain location has been a matter of debate for decades (Eriksson et 

al. 1994, Everts et al. 1996, Bösner et al. 2013). Here, we found by direct comparison of 

spontaneous pain and segmental signs that the two were very dissimilar in their bodily pattern 

and segmental distribution (Figure 6). Irrespective of the affected organ, spontaneous pain 

was much less widespread than segmental signs, i.e. it included fewer segments. Furthermore, 

spontaneous pain appeared mostly in the body midline, thus lacking the diagnostically relevant 

homolateral distribution seen in the majority of segmental signs. As Figure 6 shows, patients 

with lung, stomach, and liver/gallbladder diseases all showed spontaneous pain in the 

epigastric region (T5-9), thus rendering this symptom unsuitable for differential diagnosis. 

The substantial differences found between pain and segmental signs regarding their location 

and lateralization underline the importance of making a clear distinction between visceral pain, 

referred pain, (referred) hyperalgesia, and other segmental signs. While primary visceral pain 

is a poorly defined, midline sensation, it starts to be referred or ‘transferred’ to somatic 

structures, when it persists for several minutes or longer (Ness et al., 1990, Giamberardino et 

al., 1995). These somatic structures can include skin, subcutaneous tissue, and muscle, and 

are characterized by an overlapping segmental innervation with that of the diseased organ. 

Pain referral to the skin or muscle is what triggers the additional somatosensory, somatomotor, 

or autonomic sign seen in our study. 
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Despite the purely descriptive design of our study, results regarding the usefulness of 

spontaneous pain and segmental signs seem to favor the latter over the former. Future studies 

should test this in a prospective way. 

4.5.4. Limitations 

Our study has several limitations that need to be discussed. Firstly, our patients’ sample was 

relatively small, which was partly due to lack of a confirmed final diagnosis in many of our 

patients. The reason for this lies in the special situation in the emergency room, where the vital 

role of the specialist is to rule out life-threatening conditions. Thus, about 25 per cent of our 

clinical sample could not be analyzed. Secondly, findings collected by means of palpation are 

naturally more subjective than e.g. laboratory results. While there are ways to measure many 

segmental signs in a more quantitative way, we did not apply any of those to keep the time for 

the bodily examination to an absolute minimum. Thirdly, while we took great care to identify 

those patients with a single-organ disease, it is likely that affections of additional organs were 

present but undiagnosed in some of our patients. 

4.6. Conclusions 

The present study underlines the usefulness of including segmental signs in the bodily 

examination of patients with acute medical problems. Segmental information and lateralization 

may help to narrow the number of possible causes before more sophisticated test results can 

be obtained. 

 

 

 

 

 

 

 

 

 

 

4.7. Supplementary material 

 

Supplementary Table 1: Lateralization of segmental signs for  

individual organs according (Hansen & Schliack, 1962) 

right side left side 
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(Heart) Heart 

- Pericardium 

(Aorta) Aorta 

Right lung and bronchi Left lung and bronchi 

Right pleura Left pleura 

- Stomach (corpus, 
fundus) 

Pylorus - 

Duodenum - 

- Jejunum 

Ileum - 

- Pancreas 

Liver - 

Gallbladder - 

- Spleen 

Caecum - 

Appendix - 

Colon asc. - 

Colon transv. prox. 
part 

- 

- Colon transv. dist. part 
- Colon desc. 

- Sigmoid colon 

- Rectum 

Right kidney Left kidney 

Right ureter Left ureter 

Right testis, ovary, 
salpinx 

Left testis, ovary, 
salpinx 
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Supplementary Figure 1: Lateralization signs (left) and segmental symptoms (right) for 

chest organs (top) and abdominal organs (bottom). 

 

4.8. Acknowledgments 

The authors would like to thank the German Academic Exchange Service and Horst Görtz 

Foundation for their financial support. 

4.9. Conflicts of Interest 

None declared. 

4.10.  References 

1. Bates CM, Plevris JN. Clinical evaluation of abdominal pain in adults. Medicine 

2013;41(2):81-86. 

2. Beal MC. Viscerosomatic reflexes: a review. J Am Osteopath Assoc. 1985 

Dec;85(12):786-801. 

3. Bennett JR, Atkinson M. The differentiation between oesophageal and cardiac pain. 

Lancet. 1966 Nov 19;2(7473):1123-7. 

4. Berger JP, Buclin T, Haller E, Van Melle G, Yersin B. Right arm involvement and pain 

extension can help to differentiate coronary diseases from chest pain of other origin: a 



43 
 

prospective emergency ward study of 278 consecutive patients admitted for chest pain. 

J Intern Med. 1990 Mar;227(3):165-72. 

5. Boas EP, Levy H. Extracardiac Determinats of the Site and Radiation of pain in Angina 

pectoris with special reference to shoulder pain. American Heart Journal 1938,15:540-

554. 

6. Bolton C. Observations on referred pain. Brain 1934,57:211–226. 

7. Bösner S, Bönisch K, Haasenritter J, Schlegel P, Hüllermeier E, Donner-Banzhoff 

N. Chest pain in primary care: is the localization of pain diagnostically helpful in the 

critical evaluation of patients? --A cross sectional study. BMC Fam Pract. 2013 Oct 18; 

14:154. 

8. Brown F. The problem of abdominal pain. British Medical Journal 1942,1(4243):543-

546. 

9. Bullowa JGM. Segmental Hyperalgesia and Segmental Increased Muscle Tone in 

Diseases of the Lungs and Heart. Bulletin of the New York Academy of Medicine 

1929,5(6):538. 

10. Elsberg CA, Neuhof H. The diagnostic value of cutaneous hyperalgesia (Head’s zones) 

in abdominal disease. The American Journal of the Medical Sciences 1908,136:690-

712. 

11. Eriksson B, Vuorisalo D, Sylvén C. Diagnostic potential of chest pain characteristics in 

coronary care. J Intern Med. 1994 May;235(5):473-8. 

12. Everts B, Karlson BW, Währborg P, Hedner T, Herlitz J. Localization of pain in 

suspected acute myocardial infarction in relation to final diagnosis, age and sex, and 

site and type of infarction. Heart Lung. 1996 Nov-Dec;25(6):430-7. 

13. Giamberardine MA, Vecchiet L. Pathophysiology of Visceral Pain. Current Pain and 

Headache Reports 1997, 1(1):23-33. 

14. Giamberardino MA, Vecchiet L. Visceral pain, referred hyperalgesia and outcome: new 

concepts. European journal of anaesthesiology 1995; Supplement, 10:61-66. 

15. Gibson GA. Some hitherto undescribed symptoms in angina pectoris. Brain 

1905;28(1):52-64. 

16. Hansen K, Schliack H. Segmentale Innervation: Ihre Bedeutung für Klinik und Praxis. 

Thieme. 1962. 

17. Head H. On disturbances of sensation with especial reference to the pain of visceral 

disease. Brain 1893,16(1-2):1-133. 

18. Head H. On disturbances of sensation with especial reference to the pain of visceral 

disease: part II. —head and neck. Brain 1894,17(3):339-480. 



44 
 

19. Head H. On disturbances of sensation with especial reference to the pain of visceral 

disease: part III. —pain in diseases of the heart and lungs. Brain 1896,19(2-3):153-

276. 

20. Henderson RD, Wigle ED, Sample K, Marryatt G. Atypical chest pain of cardiac and 

esophageal origin. Chest. 1978 Jan;73(1):24-7. 

21. Kalloo AN. Overview of differential diagnoses of abdominal pain. Gastrointest Endosc. 

2002 Dec;56(6 Suppl):S255-7. 

22. Kennard M, Haugen F. The relation of subcutaneous focal sensitivity to referred pain 

of cardiac origin. Anesthesiology 1955,16(3):297–311. 

23. Langstroth L. An attempt to determine the diagnostic importance of Head's zones of 

hyperalgesia. Archives of Internal Medicine 1915,16(2):149-194. 

24. Lee MW, McPhee RW, Stringer MD. An evidence-based approach to human 

dermatomes. Clin Anat 2008;21(5):363-73. 

25. Mackenzie J. Some points bearing on the association of sensory disorders and visceral 

disease. Brain 1893,16(3):321-354. 

26. Ness TJ, Gebhart GF. Visceral pain: a review of experimental studies. Pain 

1990,41(2):167-234. 

27. Neubert T, Dusch M, Karst M, Beissner F. Designing a tablet-based software app for 

mapping bodily symptoms: usability evaluation and reproducibility analysis. JMIR 

Mhealth Uhealth 2018 May 30;6(5):e127. 

28. Nicholas AS, DeBias DA, Ehrenfeuchter W, et al.,. A somatic component to myocardial 

infarction. British Medical Journal (Clinical research ed.) 1985 Jul; 291(6487):13-17. 

29.  Nicholas AS, DeBias DA, Greene CH. Somatic component to myocardial infarction: 

three year follow up. British Medical Journal 1991;302:1581. 

30. Roque 1869 - Note sur l'inégalité des pupilles dans les affections unilatérales des 

poumons. Gaz. méd., Paris 48, 639. 

31. Ross J. On the segmental distribution of sensory disorder. Brain 1888;10:333–361. 

32. Roumen RMH, Vening W, Wouda R, Scheltinga MM. Acute Appendicitis, 

Somatosensory Disturbances ("Head Zones"), and the Differential Diagnosis of 

Anterior Cutaneous Nerve Entrapment Syndrome (ACNES). J Gastrointest Surg 

2017,21(6):1055-1061. 

33. Schliack H. Klinische und theoretische Bedeutung der Headschen Zonen. Acta 

Neurovegetativa 1966,28(1-4):437-449. 

34. Shaballout N, Neubert TA, Boudreau S, Beissner F. From Paper to Digital Applications 

of the Pain Drawing: Systematic Review of Methodological Milestones. JMIR Mhealth 

Uhealth. 2019;7(9):e14569. 



45 
 

35. Sherren J. On the occurrence and significance of cutaneous hyper-algesia in 

appendicitis. The Lancet 1903,162(4177):816-821. 

36. Stawowy M, Rössel P, Bluhme C, Funch-Jensen P, Arendt-Nielsen L, Drewes 

AM. Somatosensory changes in the referred pain area following acute inflammation of 

the appendix. Eur J Gastroenterol Hepatol. 2002;14(10):1079-84. 

37. Stawowy M, Bluhme C, Arendt-Nielsen L, Drewes AM, Funch-Jensen P. 

Somatosensory changes in the referred pain area in patients with acute cholecystitis 

before and after treatment with laparoscopic or open cholecystectomy. Scand J 

Gastroenterol. 2004;39(10):988-93. 

38. Sturge WA. The phenomena of angina pectoris and their bearing upon the theory of 

counter-irritation. Brain 1883;5(4):492–510. 

39. Vecchiet L, Giamberardino MA, Dragani L, Albe-Fessard D. Pain from renal/ureteral 

calculosis: evaluation of sensory thresholds in the lumbar area. Pain. 1989;36(3):289-

95. 

40. Wancura-Kampik I. Segmental anatomy: the key to mastering acupuncture, neural 

therapy, and manual therapy. Elsevier, Urban&Fischer Verlag. 2012. 

41. Wilson SJ, MacLeod DC. Chest pain in acute medicine. Medicine 2013,41(2):113-117. 

42. Yamamoto W, Kono H, Maekawa M, Fukui T. The relationship between abdominal pain 

regions and specific diseases: an epidemiologic approach to clinical practice. J 

Epidemiol. 1997 Mar;7(1):27-32. 

 

 

 
 

 

 

 

 

 

 



46 
 

5. Chapter 5: General discussion 

In this thesis, we tested and developed a new diagnostic tool for assessing pain that is based 

on a software application (“app”) designed for tablet PCs with an electronic pen. The app 

consisted of a body outline that patients used to draw the location, type, extent, and intensity 

of any bodily symptom they had. Alternatively, such drawings were made by the physician 

based on the patient’s report and the physical examination findings. The drawings thus 

obtained were used to determine a wide range of indices for each sign or symptom, including 

localization, lateralization, maximum or average intensity, and more sophisticated measure, 

like widespreadness, and segmental (i.e., dermatomal) content. 

However, choosing the right tools for the acquisition and analysis of electronic PDs is not an 

easy task given the huge body of literature that has been published on the topic. Therefore, 

we made a comprehensive review to assimilate the most important innovations and 

methodological milestones that have advanced the clinical and scientific application of PDs. 

This was even more necessary given the disturbing lack of consensus regarding methods for 

correct acquisition, analysis, and interpretation of PDs. 

To explore future applications of electronic PDs, firstly, we examined their potential role in 

clinical assessment and, thus, treatment. It was by evaluating if a pain specialist’s 

understanding of the patient improves after seeing the patient’s PD and to identify those 

specific characteristics of the drawings that had the most substantial impact on doctors’ 

understanding. Another important step was to identify the major differences between PDs 

made by patients and those made by their treating doctors. 

Secondly, by using the same electronic PD tool, we investigated both the bodily patterns and 

lateralization of segmental signs and spontaneous pain in acute visceral diseases. Thus, we 

derived average distributions of spontaneous pain and segmental signs for all major organs 

and analyzed their segmental content and lateralization. It was aimed to find if these patterns 

can help doctors in detecting the affected visceral organ by using the knowledge derived from 

their lateralization and as well as segmental distribution. 

5.1. Which pain drawing methodology to use? 

The better image capturing of pain needs the appropriate tool. While reviewing the literature 

of pain drawings (Chapter 2), a common observation was the general lack of standards for 

using PDs. However, the core element of every PD is a body template presented on a paper 

supplied with pen or on a screen of an electronic device with a mouse or an electronic pen 

(stylus). 
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5.1.1.Pen-and-paper or electronic pain drawings? 

Before designing a study that includes the usage of a PD tool, an important question is raised, 

namely, which is the best drawing tool to use? To find the answer, by looking at the literature, 

we found that many different PD tools have been used, starting from pen and paper and ending 

with tablet PCs (Chapter 2). On account of that, each of those tools has its unique advantages. 

Jaatun and her colleagues aimed in their study to find the answer to the same question. 

Therefore, they made a detailed comparison of PDs acquired by tablet-PC vs. pen-on-paper 

and laptop-based PDs. They assessed the user interactions with the aforementioned drawing 

tools and reported a preference for tablet pain drawings, as based on patient opinions (Jaatun 

et al., 2016). 

Additionally, Southerst and colleagues showed good to excellent inter-rater and inter-

methodreliability of digitally acquired information about pain distribution to that obtained using 

penon-paper PDs (Southerst et al., 2013). On the other hand, the tablet PCs have unique 

capabilities compared to paper. Their applications can actively guide the users through the 

drawing process and thus improve PD quality. For example, guides help patients to conform 

to a particular drawing style (e.g., by automatically filling closed shapes or restricting the 

drawable area to the body template). Also, the usage of tablet PCs helps health professionals 

in calculating PD-derived measures in real-time to aid diagnosis. These capabilities were 

initially developed to reduce assessment time and allow for more accurate calculations of the 

pain area. 

Additionally, the automatic calculations and visualization techniques provide a glimpse of new 

possibilities for integrating such information into busy workflows (clinic or research alike). 

5.1.2.The appropriate body template 

Regardless of whether pen-and-paper or electronic devices are used, the body template 

constitutes the essential element of the PD tool. Thus, researchers have used different body 

templates to capture more dimensions of the pain experience and to better match individual 

and medical complaint. Additionally, the reliability and accuracy of PD data collection methods 

for acquiring pain area, extent, and distribution are highly dependent on the body templates. 

The exact origin of the body template outline is unclear. The one that has been used by Henry 

Head to map the dermatomal distribution of the segmental nerves (Head, 1893), can be found 

in later publications, e.g., Palmer’s publication (Palmer, 1948). Later body templates included 

divisions into relevant body regions (Toomey et al., 1983), were sex-specific (Udén et al., 

1987), came with information on dermatomes (Türp et al., 1997), were three-dimensional 

(Ghinea et al., 2008) or realistic pseudo-3D body representations (Egsgaard et al., 2016).101 

The question is, which model is better to use? Egsgaard and colleagues compared 2D male 

and female as well as matching 2D and (pseudo-)3D body templates. They found that a 
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majority of patients preferred sex-specific body templates and recommended 2D and (pseudo- 

) 3D body templates to be used according to the patient’s preferences (Egsgaard et al., 2016). 

In our opinion, using the best features of all previous body templates that have shown high 

reliability and fit with our research purpose is the best choice. 

5.1.3.Pain sensations coding 

In addition to different body templates, various methodological innovations have been 

introduced by researchers over the last decades. They include different methods to encode 

pain intensity (Türp et al., 2000), pain depth (Tucker et al., 2014), or the quality of pain 

(Melzack, 1975). Sensations encoding has manifested in many different ways, such as using 

symbols (Mooney, 1976), or colors (Margoles, 1980), and expressing pain intensity by 

saturation (Bertilson et al., 2003). 

To date, it is unclear, which method of encoding sensations, is the best. Furthermore, PDs 

have to be used to assess more than just pain, for example, discomfort drawings (Bertilson et 

al., 2003), general symptom drawings (Neubert et al., 2018) or sensation drawings as evident 

by the recent application of PDs in studies on emotions (Nummenmaa et al., 2014), the 

placebo effect (Beissner et a., 2015), or acupuncture (Beissner et al., 2012). This means that 

the encoding of sensations may continue to develop in this area as the applicability of PDs 

expands. 

Given the availability and the particular merits that tablet PCs have, we preferred to use this 

tool to collect PDs (Chapter 3, 4). It is supplied with a unique app that has been designed 

according to the previous knowledge for this purpose. Our body template was based on 

photographs of a human body, and users were able to choose male, female, or neutral gender. 

The app was supplied with a toolbox that enables users to select different types of sensations 

(e.g., burning, cold, cramping, dull, electric, heavy) and then define each sensation intensity 

by choosing a saturation color code before they draw. In this way, each outlined area on a 

specific human body site has a particular color that represents a type of sensation and its 

intensity (Chapter 3, Figure 1). 

After improving the Tablet PC app that harmonizes with our goals in collecting most of the 

available information about the patient’s pain and related signs and symptoms, its usability 

and test-retest reliability has previously been tested by Neubert and colleagues from our 

research group. It showed good usability and fair to excellent reproducibility (Neubert et al., 

2018). 

5.2. Pain measurement via electronic PDs 

Classifying the reported pain is compulsory for adequate medical treatment. Hints to the 

correct pain diagnosis are given by a pain assessment looking at the intensity of the pain, its 
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distribution, and duration, as well as the quality of the pain. Different assessment tools are 

used to measure the pain mentioned above symptom components. While the numeric rating 

scale (NRS) measures the intensity of the pain (Williamson et al., 2005), the pain 

questionnaire (e.g., McGill Pain Questionnaire) collects more data about duration, as well as 

the quality of the pain (Melzack, 1987). However, pain drawings provide health professionals 

most of the patient’s pain aspects, such as localization, intensity, and distribution of pain. 

Furthermore, they enable the extraction of meaningful information, like pain area, 

widespreadness, and segmental pattern. 

However, does extra information that is gained via PD influence the medical approach and 

thus treatment? 

We tested in this thesis (Chapter 3) the impact of electronic PDs on pain specialists’ 

understanding of pain and their clinical decisions in inpatients with acute pain. Our results 

showed that pain drawings significantly improved the pain specialists’ understanding of their 

patients’ pain based on their judgment. Pain specialists rated this improvement with 4.81 out 

of 10 points on average. The impact on the clinical decision was also significant but of smaller 

size (2.68 out of 10 points). There are two possible explanations for the fact that a relatively 

significant improvement in understanding resulted in rather modest changes in the clinical 

decision. 

In most cases, additional pain clusters drawn by the patients do not lead the physicians to new 

diagnoses that would require further medical investigation or intervention. Instead, most of 

these clusters reveal previously diagnosed chronic pain sources that are unrelated to the acute 

problem. Additionally, inpatients are well diagnosed and known to their treating medical team. 

Therefore, these patients are presented with a specific question to the pain specialists. 

Preexisting and already treated pain diagnoses are not as much in the focus of interest as they 

would be in an outpatient setting. Thus, those results represent a particular case where pain 

specialists are using the PD tool. 

It was rather a specific setting where PDs were used by pain specialists in the acute pain 

service. On the other hand, we used the same PD in a study, where internal medicine doctors 

tested the lateralization and bodily patterns of segmental signs and spontaneous pain in acute 

visceral diseases (Chapter 4). Here, the results showed that, for the heart, stomach, and 

liver/gallbladder, the majority of segmental signs are detected ipsilateral to the affected organ 

with an unexpectedly high number of patients showing ipsilateral mydriasis as a sign of 

sympathetic activation. Additionally, bodily patterns of segmental signs in comparison with the 

literature showed that the maximum of signs fell into the predicted ranges. In contrast, 

spontaneous pain showed a more medial and symmetric distribution (Chapter 4, Figure 7). 

In conclusion, electronic PDs helped pain specialists to understand more the patients’ pain 

with less affection on the differential diagnosis (Chapter 3, Figure 2). However, doctors of the 
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emergency room used the same tool to assess bodily signs in aim to improve the differential 

diagnosis (Chapter 4). Thus, using electronic PDs are affected mainly by the desired 

knowledge that is gained by this tool. 

Furthermore, several factors may affect the accuracy of PDs for pain measurement. They 

include the type (e.g., visceral) and the duration (e.g., chronic) of pain, as well as the 

psychological health state of patients’ sample. A famous example is the exaggerated 

expression of both pain intensity and distribution in patients with chronic back pain. This what 

may mislead the health care professionals into locating the spinal cord’s injury (Bertilson et 

al., 2010). 

Although, some researchers could define the pathognomonic drawings that were affected by 

the previous factors like drawings on weak anatomic localization, drawings showing 

“expansion” or “magnification” of pain (e.g., markings outside the outline), and explanatory 

notes, and circles or arrows to indicate particularly painful areas or a tendency toward total 

body pain (Ransford et al.,1976) (Hildebrandt et al., 2014) (Chapter 2). 

5.3. Patients’ or doctors’ electronic PDs? 

An extensive literature search to find the exact definition of PDs did not reveal a precise 

answer to this question, if PDs should be made by patients or doctors. However, when PDs 

were first introduced by Palmer (Palmer, 1949), he aimed to evaluate patients’ drawings rather 

than doctors’. Nevertheless, countless examples of PDs made by doctors appear throughout 

the medical literature (Schott, 2010). Thus, the question of what differentiates the two types of 

PDs is an important one. In 1987, Cummings and Routan published the first study directly 

comparing patients’ and doctors’ PDs (Cummings et al., 1987). 

Interestingly, the authors presumed but did not confirm doctors’ drawings to be more accurate 

since they were based upon a physical examination. Thus, patients’ PDs should be compared 

to them. Similar studies were later published by other groups (Bunyaratavej et al., 2015) (Post 

et al., 1994). 

In our study on inpatients with acute pain (Chapter 3), the similarity of PDs from patients and 

their treating doctors were considerably lower compared to studies looking at test-retest 

reliability of PDs in chronic pain patients. We found only fair reproducibility for pain extent 

(ICC: 0.57) and weak reproducibility for the number of pain clusters (ICC: 0.37). In contrast, 

Barbero et al. and Neubert et al. using PDs from different chronic pain populations, found ICCs 

from 0.92 to 0.97 for pain extent (Barbero et al., 2015) (Neubert et al., 2018). Results regarding 

the reproducibility of the number of pain clusters differed even more. Here, Neubert and 

colleagues report an ICC of 0.70, which is almost twice as high as the value found in our study. 

The Jaccard index of 0.22 (as compared to 0.46-0.49 in the above-mentioned studies) 

indicates an average overlap of only 22 percent between the PD of a patient and the 
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associated drawing of the doctor in our study. Of course, we are comparing apples with pears 

here, since repeated PDs by the same person will be much more similar than PDs based on 

information derived from verbal and non-verbal communication. 

A comparison like this, however, allows us to get an estimate for how much information is lost 

or changed in patient-doctor communication. The issue raises the rather philosophical 

question, which of the drawings contains the correct information. On the one hand, only the 

patient can perceive the symptoms which they express in the PD. As several studies have 

shown, generating a PD is a highly reproducible and reliable process (Southerst et al., 2013) 

(Leoni et al., 2017). Thus, there are good reasons to argue that patients’ PDs constitute the 

ground truth in this comparison. However, other studies have based their analysis on the 

assumption that the doctors’ drawings contain the correct information. For example, 

Cummings et al. compared patients’ PDs to drawings by their doctors and found that the usage 

of patients’ PDs to measure pain extent, number of pain clusters, and related symptoms may 

lead to inaccurate diagnoses (Cummings et al., 1987). It should also be noted that anamnesis 

and physical examination themselves can lead to more detailed pain drawings by the doctors 

since they may reveal additional symptoms omitted by the patient. 

In our opinion, both patients’ and doctors’ PDs are valid drawings in their own right. When 

analyzing their contents, however, it must be acknowledged that they do not represent the 

same thing and that there may be systematic differences that will influence the results of the 

analysis. 

In our study, we did not find significant differences between patients’ and doctors’ PDs 

regarding pain extent, average pain intensity, and the number of body views used for the PD. 

Together with our findings regarding the low similarity of doctors’ and patients’ drawings, this 

means that both groups drew about the same number of pixels with the same intensity but in 

different places on the body. We further found that doctors used significantly fewer pain 

clusters and symptom descriptors than patients when drawing their pain symptoms. There are 

several possible explanations for this. On the one hand, doctors’ drawings exhibit less 

specificity of pain location that the patients’, simply because some level of information loss is 

to be expected for verbal communication of bodily symptoms. On the other hand, doctors may 

have focused more on single symptoms to a more considerable extent. This doctor’s behavior 

could be explained by the principles of acute pain service (Kishore et al., 2011). Additionally, 

as we have seen above (See 5.2), inpatients are well diagnosed and presented with a specific 

question to the acute pain service specialists. Thus, already treated pain diagnoses are not 

important as they would be in another pain setting. 
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5.4. Doctors’ electronic PDs for measuring pain and segmental 

signs 

Our previous study suggests that the PD tool helps physicians to understand more about their 

patient’s’ pain and thus may ease reaching the correct diagnosis and improve the 

management. It was based on patients’ drawings of their pain symptoms (Chapter 3). 

However, the pain approach needs a detailed history as well as a comprehensive physical 

examination of the pain accompanying symptoms and signs (Breivik et al., 2008). 

However, up to now, stating an accurate diagnosis of visceral pain, by using traditional pain 

approaches, is still challenging and requires more reasonable diagnostic methods 

(Giamberardino et al., 1995) (Fruth, 1991). Although, pain signals from visceral organs are 

referred to other somatic or visceral tissues with overlapping segmental innervation. Such pain 

signals most frequently manifest themselves in the form of referred segmental signs. 

Therefore, using an electronic PD tool to explore and compare bodily patterns of pain and 

segmental signs may give important information about their usefulness in the differential 

diagnosis. 

Accordingly, in this thesis, we wanted to know if implying electronic PDs together with the 

knowledge derived from segmental signs have an additional diagnostic value of visceral 

diseases (Chapter 4). Thus, we calculated the average distributions of pain and segmental 

signs for each affected visceral organ. Then, we analyzed their segmental content and 

lateralization and compared it to Hansen and Schliacks’ findings (Hansen et al. 1962). 

A subset of the findings collected by the electronic PD tool was analyzed to extract detailed 

segmental information. We called these findings “distributed signs,” and they comprised 

several somatosensory, somatomotor, and visceromotor signs (Chapter 4). Of these, 

superficial hyperalgesia, muscle resistance, defense, and deep hyperalgesia were most 

frequently observed in our sample of patients. 

From our point of view, these are the signs that clinicians should pay the most attention to 

when using segmental signs for their diagnosis. 

Additionally, our findings support those by Hansen and Schliack in that there was a close 

similarity between the original maps of segmental signs by these authors and our averaged 

maps of all distributed signs (Chapter 4, Figure 4+6). 

Moreover, we found that our data for heart, stomach, and liver/gallbladder support the findings 

of Hansen and Schliack that segmental signs appear homolateral to the affected organ106 

(Chapter 4, Supplementary Table 1). While this lateralization is obvious for the averaged 

bodily maps of distributed signs (Chapter 4, Figure 4A+C, Figure 6A, C, D, F). 

For a prospective evaluation, however, future studies should aim to quantify this similarity, 

e.g., by using spatial similarity measures. 
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Additionally, as a next step, we compared the bodily patterns of pain and segmental signs to 

decide, which of the two is better suited for differential diagnosis in visceral diseases. 

Assessing the segmental distribution of pain has been a central part of PD analysis (Türp et 

al,. 1997) (Wallace et al.,2018) (Chapter 2). Moreover, many authors assign pain location a 

discriminative role in the differential diagnosis (Eriksson et al. 1994, Everts et al. 1996, Bösner 

et al. 2013). Here, we found by direct comparison of spontaneous pain and segmental signs 

that the two were very dissimilar in their bodily pattern and segmental distribution (Chapter 4, 

Figure 6). Irrespective of the affected organ, spontaneous pain was much less widespread 

than segmental signs, i.e., it included fewer segments. Furthermore, spontaneous pain 

appeared mostly in the body midline, thus lacking the diagnostically relevant homolateral 

distribution seen in the majority of segmental signs. In our study (Chapter 4, Figure 6), 

patients with lung, stomach, and liver/gallbladder diseases all showed spontaneous pain in 

the epigastric region (T5-9), thus rendering this symptom unsuitable for differential diagnosis. 

The differences between pain and segmental signs regarding their location and lateralization 

underline the importance of making a clear distinction between visceral pain, referred pain, 

hyperalgesia, and other segmental signs. 

While primary visceral pain is a poorly defined, it starts to be referred to somatic structures, 

when it persists for several minutes or longer (Ness et al., 1990, Giamberardino et al., 1995). 

These somatic structures are characterized by an overlapping segmental innervation with that 

of the diseased organ. Pain referral to the skin or muscle is what triggers the additional 

somatosensory, somatomotor, or autonomic signs seen in our study. 

In summary, the substantial differences found between pain and segmental signs regarding 

their location and lateralization seem to favor the latter over the former. However, future 

studies should prospectively test this finding. 

5.5. Conclusion 

In this thesis, we studied the potential role and usefulness of electronic PDs in the assessment 

of pain and also of referred (segmental) signs in acute medical problems. Firstly, we found 

that electronic PDs can improve doctors’ understanding of hospitalized patients who were in 

acute pain situations. Secondly, our data revealed that implying electronic PDs together with 

the knowledge derived from segmental signs in the emergency room may help to narrow down 

the number of possible causes of visceral diseases before more sophisticated tests can be 

obtained. 

In both cases, using electronic PDs may have an essential aid in the medical approach of 

acute health problems and, thus, for the differential diagnosis. 
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